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INK JET RECORDING METHOD AND INK JET RECORDING APPARATUS

The invention relates
apparatus especially of a

to an ink jet recording method and

transfer typé in which an ink

image is formed on a transfer medium and then
transferred to a recording medium to thereby obtain
an ink image on the recording medium.

~ A transfer type ink Jjet printer has the
advantage that ink jet nozzles are free from
clogging due to unintended contacts between a
recording head and a recording sheet or due to
paper dust. This high
reliability. Such transfer type ink jet printers

advantage assures

are disclosed in U.S. Patent specifications Nos.

4,538,156 and 5,099,256.

In the disclosed apparatuses, an ink Jjet

recording head - (hereinafter, referred to as a

recording head) having a plurality of nozzles is
separated from a cylindrical transfer medium by a
gap.
transfer

When an ink image is to be formed on the
the
recording head forms an ink imaég on the cylinder
with an
synchronization® with the
cylindrical transfer medium,

medium by the recording head,

signal in
of the
while the recording

in accordance image

rotation

head moves in a direction parallel to the direction
in which the nozzles are arranged. Then a
recording medium is brought into contact with the
transfer medium and pressed from the back against
whereby the ink image is

transferred to the recording medium.

the transfer medium,
Thereafter,
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printing quality, the total number of printed dots
or the density of printed dots is counted, and a
dryin_g heater is controlled in accordance with the
counted value.

In any of the above apparatuses, the transfer
step must be conducted at a low pressure to ensure
high efficiency and complete transfer of the image.
Specifically, the step of transferring an ink image
from a transfer medium to a recording sheet is
conducted by applying a pressure, and therefore the
transfer medium must be made of a material from
which the ink image is easily peeled or which has
a low surface energy. On the other hand, the ink
image on the transfer medium is formed by dots
produced by ink drops ejected from the recording
head. Because of surface tension, such dots have
a tendency to gather on a material having a low
surface energy. Therefore, plural dots aggregate
on the transfer medium to form a large dot. As a
result, a dot may be formed at a.position different
from where the dot should be formed, or an ink
image formed by an aggregation of dots may be
deformed. Hereinafter, this phenomenon is referred
to as the repellent phenomenon..

Fig. 1 schematically shows a typical example
of~the repellent phenomenon cbserved when an image
is formed by groups of dots. In a prior art
apparatus, a recording method is en.tployed in which
a recording head 101 having a plurality of nozzles
110 is moved in a subscanning direction indicated
by an arrow U in the figure, so that dots are
sequentially written from the initial position
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transfer nedi-ym while the recording head noves in_a_direction arallel to
en

the direction in which the nozzles are arl:anged; "~ The ,a :r'e,c,orw ng medi um
i's brought into cont act with the transfef rrédwrﬁ”r‘]él v esked fr’am‘r‘he back
agai nst thetransf I um ebythe'n str n ed fo the
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2 t he appar amq:s:ordlng to this method, ink dot strings 103 are
contlnuously sequentially overlapped on a transfer
medium 102 starting from the side where the writing

s is initiated. The repellent phenomenon occurs more

easily as the quantity of overlapping ink drops
increases or as the ink amount per unit area
increases. Moreover, the drying of the ink dot
strings proceeds starting from the side where the
10 - writing is initiated. 1In an area 104 close to an
ink dot string written. in an earlier stage,
therefore, the repellent phenomenon does not occur.
In an area 105 where ink dot strings are written
* and the printing duty is high, “conversely, there
T may arise a case where the repellent phenomenon
occurs so that the area is divided into portions

106 having ink and portions 107 having no ink.
Japanese Patent Publication (Kokuku) No.
HEI4-19,030 discloses a recording method in which
20 ink drops are directly impacted to a recording
medium while ink dot strings .are alternately
written in forward and reverse paths on every other
row in a direction perpendicular to a scanning
direction of a recording head. When this recording

r] . method is applied to a transfer type ink Jjet
“ recording apparatus, however, the transfer medium
| 4 does not absorb water contained in the ink as does

a recording sheet, so that before an ink dot string

written in the immediately pr-ec;eding scanning step

’-_ 30 is completely dried, an adjacent ink dot string is

' written. Therefore, the repéllent phenomenon
occurs on the transfer medium in the manner
described above, resulting in a;'x image having
reduced quality.

35 Also, in transfer type ink Jjet recording
apparatuses having the above configurations, an ink

image is formed while the cylindrical transfer

Tl
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In the case where the film-forming conditions

are corrected by controlling a heater or the like
in accordance with the density of printed dots,
furthermore, it is impossible to control the energy
applied to each dot, and therefore the correction
cannot be conducted in a perfect manner.

The invention has been conducted in view of
the above-discussed problems. It is an object of
the invention to provide an ink Jjet recording
method and apparatus in which +the repellent
phenomenon that wmay produce an image of
unacceptable quality is prevented from occurring on

a transfer medium.

This object is solved by the method of any one of independent claims 1, 3,

5 or 13 and by the apparatus of any one of independent claims

7, 9 or 12.

Further advantageous features, aspects and details of the invention are

evident from the dependent claims, the description and the drawings. The

claims are intended to be understood as a first non-limiting

defining the invention in general terms.

approach of

The invention according to a preferred aspect provides an ink jet recording

method and apparatus which conducts a low pressure
transfer and has a high peeling property. Another

aspect ©of this invention is to prevent variations
in conditions under which a film is formed on a
transfer medium from reducing the quality of a
recording image formed on a recording medium.

According to one aspect of the invention,
an ink Jjet recording method for preventing the
repellant phenomenon is provided in which an ink
image writing step is conducted by selectively
ejecting ink drops from a recording head, and
comprises:

a. a first scanning step in which ink dot
strings are formed in a main scanning direction so

-4 -
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whi ch the . nk inmage is easily peeled or which has a | ow surface ener gy.
On the other hand, the ink inage on the tT’Qﬂ'Sfel’ fedi upiies’ 'frorn‘éd by dots
produced by ink drops ej ected fromthe recordi ng- head- *Becaus'e '@fr&urface

e &

tension, such dots have a tendency to gather® on ‘a fateri* al"havrng a | ow
surface energy. as Thetef &oe, adjoia eaich agghegat enon athe leastnsfaer nedi um

to forma | argegdgts dot may be forned at a position
" anﬁﬁ g‘oth(:}'shcttl'éﬁl

different from where ‘be formed, or an ink inmage fornmed by
an aggregation of doPs @aySBEones oSFEaningr eiSkERt edn t Whdchhetdieenon is

referred to asrbberteng | Hdadhengmepefed in the Fistbsktad®figrptically
ShOWSs a typical exan‘g&gnofantd ink drops are impacted to positions
which are not adjacent to an ink dot string which
is lastly formed on a transfer medium in the
immediately preceding scanning step; and
c. a step in which the second scanning step is
10 repeated until a desired ink image is written.
The ink jet recording apparatus according to

this aspect of the invention is one in which an ink

image. is formed in” an image recording step on a
surface of a transfer medium, and the ink image is

15 transferred to a recording medium in a transfer
step to obtain the ink image, and which comprises:

a recording head having a plurality of ink
ejecting nozzles which are arranged in a line at
predetermined intervals;

20 a transfer medium which is opposed to the
recording head and separated therefrom by a gap and
rotatably supported, and on which an ink image is
formed by the above-described ink jet recording
method;

2 moving means ‘for moving the recording head by
a predetermined distance in a subscanning direction

for every turn of the transfer medium; and
.  transfer means for transferring the ink image
from the transfer medium to the recording medium.
30 According to the above method and apparatus,'
in the first scanning step, ink drops which are
successively ejected from the recprdi;g head are
impacted onto the +transfer medium as ink dot
strings in the main scanning direction and
35 discontinuous in at 1least the subscanning
direction. In the subsequent second scanning step,
ink dot strings are impacted at positions which are
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subscanni ng direc n.indicated by an arrow U in the flgure so"that dots
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lastly formed one among the discontinuous ink dot
strings impacted in the first scanning step. This
produces results in which after the ink dot strings
5 impacted in the first scanning step are
sufficiently dried so that ink dots are fixed to
respective predetermined positions, the ink dot
strings of the second scanning step are impacted.
Even when the impact of ink of the second scanning
10 step is subsequently conducted, therefore, the
repellent phenomenon does not occur.
_ According to a further aspect of the invention,
_ . an ink jet recording apparatus is provided with an
*’ image writing means for forming an ink image on a
15 ’ surface of a transfer medium, and transfer neans
for transferring the ink image to a recording
medium, and is characterized in that the apparatus
further comprises:
dot counting means for counting the number of
20 printing dots of image data stored in an image
° memory; and sequence changing means for changing a
sequence in which a writing is conducted on the
transfer medium in accordance with the nuﬁ;ber of
. printing dots which is counted by the dot counting
25 means. -
# According to another embodiment of the
) invention, the above ink jet recording apparatus is
- further characterized in that the sequencé changing
means changes the sequence in such a manner that
30 dot strings which are adjacent to each other on the
transfer medium are not continuously printed.
According to still anofhéf embodiment of the
invention, the above ink jet recording apparatus is
still further characterized in that, in a color .
35 image writing step using a plurality of recording
heads, a dot in which two or more colors are to be
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writing on the transfer medium is changed in
accordance with the number of dots indicated by the
printimé data. Therefore, a block which has a
large number of dots which requires a prolonged
film formation time is subjected to an earlier
writing step, and a block which has a small number
of dots which requires a short film formation time
is subjected to a later writing step, whereby the
conditions of forming a film in each block in the
transfer step can be made unifornm. Since dot
strings which are adjacent to each other on the
transfer medium are not continuously subjected to
the printing step, dot strings of each block are
prevented from contacting each other before the
film formation, so that ink coagulation does not
occur. Since the same dot is not subjected to
printing steps of plural recording heads during one
turn of the transfer medium, the dot overlap is
conducted after the film formation and therefore
the enlargement of the dot diameter due to the
increase in the amount of ink present is prevented
from occurring. .

According to the invention, consequently, it
is possible to configqure an ink jet recording
apparatus which can conduct recording with a high
printiné'quality.

Fig. 1 is a diagram illustrating deterioration
of an ink image due to the repellent phenomenon on
a transfer medium.
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19, 030 di scl oses a recordlng nmet hod in whichfink drops, are, dtJect
i npacted to a recordi mhll I nk_dpt strlngs are al {ern
witten in forward an everse pat%?%ﬁ?%%Y?/ véeKe L i AR %‘e

per pendi cul ar t prangeanniwivich retsi om first embodiment of the

invention.

Fig. 3 is a block diagram of a control system
for controlling the operation of the ink image
writing step in the first embodiment of the
invention.

Fig. 4 is a diagram illustrating a method of
conducting a scanning of a recording head which is
used in the first embodiment of the invention.

Fig. 5 1is a diagram showing an ink jet
recording method in a second embodiment of the
invention. ) - )

Fig. 6 1is a diagram showing an ink Jjet
recording method in a third embodiment of the
invention.

Fig. 7 is a perspective view of a transfer
type ink jet printer which is a fourth embodiment
of the invention. )

Fig. 8 is a perspective view of a transfer
type ink jet printer which is a fifth embodiment of
the invention.

Fig. 9 is a diagram showing” an ink jet

‘recording method in the fifth embodiment of the

invention. )

Fig. 10 is diagram showing the relationship
between the rotation of a transfer drum and the
moving distance of a recording head in the fifth
embodiment of the invention.

Fig. 11 is a perspective view of an ink jet
recording apparatus of a sixth embodiment of the
invention. ) )

Fig. 12 is a perspective view showing the
operation of moving a recording head of the ink jet
;ecording apparatus of the sixth embodiment of the

invention.
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of a recording head. Wen this recording nethod is applied to a transfer
type inK jet’recordi ng apparatus, however, the: transfeer redium dees: not
absorb water contained in the ink as does a Tecor dcng s,hget."so 't,ha:,:,
before an ink dot string witten in the i miediratel-y.pfecadl hg”scanhi fig
step is conpletely Biged,1dnisdj acaiagnam dshowingng i smenhiodt enf -

Therefore, the dgpgaj_ﬁgt Qﬁgnogg&ggdqg%urgr@& t R transt ef neilégm in the

manner descri bed abo resultipng in_an inmage . havin reduced uality.
Al so, in transfe®<e éngnﬁpP%FaFEEO?élF@eaiﬁﬁF%I%ﬁkB imentneftHaeabove
configurations,lﬁwemakonnage Is formed while the cylindrical transfer
ﬁEdIgﬁ] makes pIura% s a block diagram of the main portion -
of the ink jet recording apparatus of the sixth
embodiment of the invention.
Fig. 15 is a side view of an ink jet recording
apparatus of a seventh embodiment of the invention.
10 Fig. 16 is a block diagram of the main portion
of the ink jet recording apparatus of the seventh

embodiment of the invention.

~
-

? Hereinafter, the invention will be described
15 in detail by illustrating embodiments.

Fig. 2 is a perspective view of an ink jet
printer which is a first embodiment of the
invention. An ink jet recording head 2 and a
pressure roller 3 which functions as the transfer

20 means are sequentially arranged around a transfer
drum 1 which functions as the transfer medium. The
printer further comprises a sheet supply device 6~

for transporting a recording .sheet 5 which
. functions as the recording medium to a portion
F] where the pressure roller 3 is pressingly contacted
4 with the +ransfer drum 1, a sheet discharging
device 7 for discharging a recording sheet onto
which an ink image has been transferred, and a
sheet discharge tray 8 for holding a discharged
3o recording sheet 5. The rotation or moving
directions of the members are 1nd1cated by arrows-
A, B, C, D and E, respectively.
The recording head 2 preferably is an ink jet recording
head of the type which uses piezoelectric elements,
35 and has a plurality of nozzles which are arranged
at equal intervals in the axial direction of the
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ierefore, the tinme required for formng a filmof the ink. inmage on the
ransfer ‘medi umvaries so that the conditions of the:fdil mFformpti en pecone
neven. This causes a transfer stain to be produced -on a fecondi.ng:.;.
heet, or causes the ink image on the transfier cmeti-Umd o renbich partly
ntransferred, soahbferadrughiquallnt theeenbddigentpgtheamecbriddéngbt ai ned.

I§n t he case wher e i fogmn It r.e trolling
heater or the ﬁf’%g i:;h gl(%or%g]‘r’lcgw(\z%%ﬁ t%gﬁ%gﬁg?t %f"%ﬁ“ﬁ‘t g%s,_ggta's%ncm
rthernore, it pdtchapessThecreeording deadhe arecgnnesied#ith each dot,

d therefore, §hR ¢@Eeeti W adeds WWUiSEh 1 8a2wpehl ¢nk aZrnner.
5 required. The record.ing head 2 is moved by moving
means 20 in the direction of the arrow D, by a
predetermined distance for every turn of the
transfer drum 1.
The moving means 20 is composed of a lever 22
10 which is swingably attached so that a lever shaft
23 functions as a fulcrum, and a motor 21. One end
of the lever 22 is contacted with the shaft 21la of
the motor 21, and the other end with an énd of a
* recording head fixing member 25. The shaft 21la of
15 the motor 21 is threaded so as to be moved in the
axial direction by the rotation of the motor 21.
In the embodiment, the shaft 2la is moved by 0.5 mm
for every turn of the motor 21 so that the
recording head 2 is moved by 42.3um (1/600 inches) in the
20 direction of the arrow D against the force exerted
by a spring 24 which is attached to the other end
of the fixing member 25.
The transfer drum 1 is structured by
laminating an elastic layer 12 made of silicone
25 rubber on the periphery of a. metal pipe 11.
Preferably, the material of the elastic layer 12 is
- a rubber material from which an ink image is easily
peeled, and includes fluorosilicone rubber, etc.,
in addition to silicone rubber. The transfer drum
3 1 is driven by a drum driving motor 13 . The
rotating speed of the transfer drum 1 is controlled
by a’'signal from a rotary encoder 9 attached to the
transfer drum 1. The signal from the rotary
encoder 9 1is used also as the references of the
35 printing timing of the recording head and the
rotation timing of the transfer drum.

This Sheet Has B

N




5

an ink jet

rThe i nventi on has been ctonducted in view of the

- RPN

above-di scussed problem It is an Obj e,ct Of the.ihveption t

recording method and apparatus in:'whicth :tihe répglikent ¢

phenonenon that nmay produce an i mge of unapce;pt able, gualsj toy j*s’ pr
fromoccurring on a ththenspressumeeli noller 3 is a roller made of a

10

15

20

30

35

metal such as aluminum, and can be pressed against
or released from the transfer drum 1 by a pressure
applying device 10 through a pressure lever 28
which swings about a supporting shaft 27. When the
pressure roller 3 is pressed against the transfer
drum 1, the roller rotates at the same speed as the
peripheral speed of the transfer drum 1 in the
direction of the arrow B in the figure while the
recording sheet 5 is interposed between the roller
and the drun. In the embodiment, the transfer
pressure is set to be about 10 kgw. '

The ink preferably contains at least water, -a water

soluble organic solvent, a pigment, and a colloidal

ettt 2 k. b o 4

dispersion resin. Specifically, a sample of the ink contains

3 wt® of carbon black as a pigment, 30 wt% of
WATERSOL CD-540 (containing 40 % of a resin solid
component and 13 % of isopropylene glycol) as a
colloidal dispersion resin which is produced by
DAINIPPON INK KAGAKU KOGYO and a <colloidal
dispersion of the modified epoxidized ester type,
5 wt% of triethanolamine as a water soluble organic
solvent, and 5 wt%¥ of polyethylene glycol as a

humectant. The ink is prepared by adding purified

water to these components.
Next, operation of this embodiment will be
described, starting with an ink image writing step.
In an ink image writing step, the pressure

roller 3 is controlled so as to be separated from

the surface of the transfer drum 1. The rotation
direction (the direction of the arrow A in the
figure) of the transfer drum 1 is dt;fined as the
main scanning direction, and the nfoving direction
of the recording head 2 is defined as the
subscanning direction. When the transfer drum 1
makes one turn in the direction of the arrow A, ink
dot strings are formed in a line at positions
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Thi.s object is solved by tHe met hod of any one of independent clains 1, 3,
5 or 13*and ‘by the apparatus of any one of |ndependent eta-ns 759 or 12.
Furt her advantageous features, aspects anH’detalls"of .tthet irhwentdidntare
evident fromthe dependent clalns t he descri pti-oh..ahd the et awi1igst  The
clainms are intended u tood.as a f|r t m pproach of
defining the i nvs} cf%%él)l% g!é%g{‘%fp?g?ﬁg the ngng‘ﬁllafsn\?tgn[}%)% accordi ng
to a preferre¢enqxﬂxngFthddks aRignk3j &5 aebdpd¢kndingnas @h® appar at us
whi ch  conduc PLESSHRE er, ég§%€5$ﬁggrm%ﬂérﬁhkproperty
Anot her aspec?ﬁaf téﬁg (lsnventlg%&?gE th%ﬂ nt variations in conditions
under which aimagsiswrikied omtep = in "lthe = embodiment. In

5 accordance with the rotation of the transfer drum

1, the encoder 9 generates the signal 9S at
predetermined intervals. A CPU 30 receives the
signal 9S and generates a timing signal 30S by
which the recording head 2 is caused to eject ink
10 " drops. A driver 31 drives the recording head 2 in
accordance with the timing signal 308 and a
printing signal 32§ from a signal processing
circuit 32. In parallel with this, the CPU 30
i causes the drum driving motor 13 for the transfer
‘ﬂ‘! 15 drum 1 to rotate, and simultaneously sends a signal
to the moving means 20 for the recording head so
that the 1recording head 2 is moved by a
predetermined distance. Printing data 34
transmitted from.an external device are temporarily
20 stored in a buffer memory 33, and sorted in
accordance with the moving distance- of the
record:.ng head 2 in the subscanning direction.
Then the -printing data 34 are transmitted to the
driver 31 as the printing signal 32S through the
r signal processing circuit 32. These operations are
repeated so that ink dot strings are formed on the

transfer drum 1 as shown in Fig. 4.
Fig. 4 is a diagram illustrating a method of
scanning the recording head which is used in the
30 embodiment. For convenience of illustration, a
nozzle 40 will be described representatively in a
case where ink dots are impacted in the whole of
the printing area. First, the recording head 2 is
located at the initial position indicated by S1 in
35 the figure, and the transfer drum 1 is rotated in
the direction of the arrow A. As the first
scanning step, ink dot strings L1, L3, LS - L15 are
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transfer mediumfrom.reducing the quality of a recording inmage formed on a
recordi ng medi um Accordi ng to one @spect<<Qk-4-he_denyenti @M, - an

i nk jet recording nethod for preventing the ¥egel!ladt phehoteron 1.s: 5.5,
rovided in which an ink inmage witing step i*s conduCted by’ Sel ectiVelty

2oL |k O ORakaAToR 1R dhif Epder Bl I Bibscanning * °
direction at intervals of one ink dot string by ink
drops which are selectively ejected from the
nozzles 40. The recording head 2 is moved by the

5 moving means 20 by q (in the embodiment, q = 84.7um (2/600
inches) in the subscanning direction for every turn
of the transfer drum 1. In the first scanning
step, the transfer drum 1 makes 8 turns so that the
recording head 2 is moved to the position S2.

10 ‘Although the recording head 2 is moved only in the
subscanning direction, - for convenience sake,
positions of the recording head-2 indicatgd by S1
to S4 are shown being shifted in the main scanning

¢ direction.

15 In the subsequent second scanning step, the
recording head 2 is moved to the position S3, and
an ink dot string L2 is formed between ink dot
strings Ll and L3 which are written in the first
scanning step. Similarly, ink dot strings 14, L6

20 - L16 are formed between ink dot strings which are
written in the first scanning step. The ink dot
string L16 which is the endmost one of the ink dot -
strings formed by the nozzle 40 is written so as to
be adjacent to an ink dot string M1 which is formed

L : in the first scanning step by the adjacent ‘nozzle
41, resulting in an ink image continuous in the
subscanning direction being formed on the transfer
drum 1. .

In the embodiment, as the second scanning

30 step, ink dot strings are sequentially impacted to

positions starting from those (the position of L2

for the nozzle 40) which are nct adjacent to the
ink dot strings (L15 for the nozzle 40) formed in
the immediately preceding first scanning step. 1In

other words, there is a sufficiently large time lag
between the formation of ink dot strings in the
first scanning step and the impact of ink drops
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j are formed in a main scanning direction so as not to adjoin_ each other in
~at least a subscanning direction; $,-f a 'sétdnd:Seanming step in
which the recording head is noved in the sultscgnning disretctiédnsdnd’t hk”
drops are inpac#eg to pgﬁ%;Lons whi ch are ngt 'djaﬁegf'togén i'nk dot
string which is PESFRFTY 3 92t BERIPEF ABJrhF PRSPRE SFARBAPGtel y
precedi ng scanni sgept ep;Tieixl time lag isCequalsitrp tie Whefhod hg€rsmcond
The Ik j et TecobBEngtabE pt bhe £t s P s el SEhEP P rvent i on
is one in which sacPnd spapgaing steppdand therefore sufficient for
s ink dot strings formed in the first scanning step

to be dried. Consequently, ink dots impacted in

the first scanning step are condensed before the

start of the second scanning step, so as to have a

high viscosity. Even when ink drops are impacted
10 in the second scanning step to form a continuous

ink image, therefore, the ink dots are fixed to

respective predetermined positions and do not move.
| ' This prevents the repellent phenomenen from
o occurring and aliows an ink image of a high quality
* 15 to be formed on the transfer drum.

Next, the transfer step will be described. In

the transfer step, the pressure applying device 10

is driven according to a predetermined timing so

that the pressure roller 3 is controlled to be
20 pressed against the transfer drum 1 by the pressure

lever 28 which uses the supporting shaft 27 as a

swing shaft. The ink image carried on the transfer

drum 1 is moved as the drum is rotated and reaches

_ the portion where  the pressure roller 3 is pressed
s against the transfer drum 1., At this time, the
recording sheet S5 is transported by the sheet

supply device 6 so as to contact the transfer drum
1, and a pressure is applied by pressure roller 3
so that the ink image on the transfer drum 1 is
30 transferred to the recording sheet 5. Since the
elastic layer 12 of the transfer drum 1 has
properties which allow an ink image to be easily’
peeled off, the ink image on the transfer drum 1 is
transferred to the recording sheet 5 in a
35 substantially perfect manner. The recording sheet

5 to which the ink image has been transferred is

This Sheet H
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in an image recording step on a surface of a transfer medium and the ink
image is'transferred to a recordi ng nedi um|n a transfer step to obt ai n

the ink i mage, and which conpri ses: tr eta r€edidi ng hegd having a
lurality of ink ejecting nozzles which ar & ar’r anged rf & btnetat’- """
redet er mi ned aﬂ§§ﬁ¥§g§d by the sheefd éﬂﬁq & ¢l En@Pposéd to

the recording head and se %r atttaads teheeré% rom egr'fc%g lrEotg;tlgbl y

supported, and Bhedhi gﬁsﬁﬁa’r’ﬁﬁ trayesi §of Bﬁnbﬁlﬁythhﬁeabove- descri bed i nk
et recording nethodNext, an inkNj¥tnNge8BRASnEORetRYENGrt HEs&€6A4dI Ng head

by predeter nged, dh3hEnae L% 3uB3eRNN 08, ' LEeALON, [RLa VLY
i¥ 5 reference to Fig. 5. This embodiment is different
i from the first embodiment in that a recording head
is moved in one subscanning direction to form an
ink image. The ink is preferably obtained by dispersing a
pigment and additives such as an emulsion and a
10 surfactant into purified water which functions as
an ink solvent. Specifically, the ink contains 1.5
wt¥ of carbon black as a pigment, 15 wt% of a
styrene-acrylic copélymer emulsion as an em'ﬁlsion,
6 wtt¥ of diethylene glycol as a humectant, 10 to 20
15 wt$ of sugar, 3 wt%¥ of a surfactant, and several

wt¥ of appropriate additives such as a
preservative. |

An apparatus for executing the recording

method has the same configuration as that of the

20 first embodiment, and therefore only the ink image

writing step will be described. The recording head

2 has 513 nozzles 70, 71, 72, - which are arranged

at e.g.0.677mm ( 8/300-inch) pitches in the subscanning direction

1nd1cated by the arrow D in the figure and over the

] full range of a.printing area 60 in the subscanning

' direction. At least one nozzle 70 is disposed in

a region outside the printing area 60. At the

_initial position of the recording head 2 indicated

by S1, the nozzle 71 is positioned so as to

30 coincide with an edge of the printing area 60 and

the transfer drum 1 is rotated in the main scanning

direction indicated by the arrow A, so that ink dot

strings El, Fl, Gl - are written at positions

respectively corresponding to the nozzles. The

1% recording head 2 is moved in the subscanning

direction D from the initial position to a position

indicated by S2, with a pitch which is equal to a
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!l! turn of the transfer nedium and transfer nmeans for transferring
the ink'imge from 7.. Jhe transfer

t e nrece

- mediumto the recording medium 'Accorﬁrhg t o it He'.above ‘rtet hod

rer s

~and apparatus, in the first scanning stepy i kK drop$rmhrph arée 7o

e

successively ejected fromthe recording head are i acted onto the
transfer medi Uddstance corresponding to two pixels (in the

embodiment, one pixel corresponds to one ink dot
and pixels are arranged in the unit of e.g. 84.7um (1/300
: inches)) for one turn of the transfer drum 1, '
i 5 whereby an ink image can be formed at intervals of
; one ink dot string. Next, the recording head 2 is
; moved by a distance corresponding to 3 pixels in
- the subscanning direction, and ink dot strings are
then written between two ink dot strings which were
10 formed by the respective nozzles positioned at tle
downstream .side in the subscanning direction. The
position of the recording head .2 at this time is
indicated by S3. When the nozzle 71 is observed,
the nozzle 71 forms an ink image in the sequence of
ink dot strings Ei, E3, ES5, and E7 at intervals of
one ink dot string, and is then moved by a distance
corresponding to 3 pixels in the subscanning
direction, to form an ink dot string F2. Since the
nozzle 70 is disposed outside the printing area 60
and in the upstream side of the subscanning
. direction, an ink dot string E2 is written by the
nozzle 70 having an initial position which is not

within the printing area.

Thereafter, the recording head 2 is moved by
a distance corresponding to 2 pixels in the
subscanning direction, and forms ink dot strings
between ink dot strings which were previously
formed, to write a continuous ink image in the
printing area 60. In the embodiment, the scanning
in one direction is realized by disposing at least
one nozzle 70 outside the printing area 60, and
changing halfway the ‘fitch of movement of the
recording head 2 in the subscanning direction. It
is a matter of course that, according to this
method, an ink image can be formed while the
repellent phenomenon is prevented from occurring in
the same manner as the first embodiment.
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as ink dot strings in the main scanning direction and discontinuous in at
| east the subscanning direction. In the subsequent second scanni ng step,

e an

dot

]

10

15

30

5

i nk dot strings are inpacted
ink dot string which is the lastly fornmed: 6rie amdi§’s he
strings inpacted in the first scanning steps: Tht s priodttes
which after tFRerEhRrESrest rithgdsi ekt agcessery F?rﬁheg'b%ﬁm%%
sufficiently flovelent t Badrectliofot of athd | xeskify r erpans| ve apdedet er ni ned
posi tions, thghink dot %:rin s of., the second s%@n
Even when th i

PRBARF 0

that of the first embodiment so that an image of a
higher quality is formed on the transfer medium.

A third embodiment of the invention will be
described with reference to Fig. 6. Fig. 6 is a
diagram illustrating the step of writing an ink
image in the third embodiment of the invention. 1In
the embodiment, a recording head is moved in one
subscanning direction with a fixed pitch and ink
drops are impacted to positions which are not
adjacent to an ink dot string which has been formed
in the immediately preceding scanning step, thereby
forming a desired ink image on a transfer medium.
The configuration of the apparatus is the same as
that of the first embodiment, and therefore the
description is concentrated on the ink image
writing step.

The récording head 2 is structured so that one

dissSgonf

at positions:,wu ch”ar:e"not-"ad[’acen't’rfro t he

i‘auous i nk
““results in
step are

I npact ed.

' t
P TFOTIPE RAY §88n |en3'|‘°2 eép ?g sueesequently

conduct ed, thsubScaBningediepetiiont wihRnaneacgurdacy hégherchan

pixel is set to be e.g. 84.7um (1/300 inches), and has 514

nozzles Hi, H2, H3 -~ H514 arranged at a pitch of P
pixels. When the transfer drum 1 makes one turn in
the direction of the arrow A, ink dot strings are
formed on the transfer drum 1 in a 1line at
positions respectively corresponding to the nozzles
of the recording head 2. The moving means 20 is
controlled so that, for every turn of the transfer
drum 1, the recording head 2 is moved in the

subscanning direction by a distance equal to that -

corresponding to 2 pixels. In the embodiment, P is
set to be a distance equal to that éorresponding to
8 pixels and 2 is set to be a distance equal to
that corresponding to 3 pixels. |

At the initial position of the recording head
2 indicated by Si1, the nozzle H3 is positioned so

" i

eplaced



®Rccording to a further aspect of the invention, an ink jet recording

dpparatus is provided with an i mage witing neans for ,formng an, ink inmage

n a surface of a transfer nmedium and trafsfer neans for‘ﬁu&nstenrlng t he

iink image to a recording medium and is charatterized i'it thats thegs "o

]ppar at us furalsertcomum:asle with the ;d:qlnmiqltsﬁgrtremzfmrorcountl ng

tihe nunber of rsl QL S e d t stored cifqa ETor y; and
il @ﬂgr %angl g gﬁ%ng’é P R QﬁJeEH%%

sequence changlng neans
; the transfer drum 1. Under this condltlon, ink is
; ejected from the nozzles H3, H4, HS - to form ink
s dot strings 01, P1, Ql - on the trahsfer drum 1.

Then the recording head 2 is moved by a distance

corréspohding -to 2 pixels and ink drops are

ejected. This position is indicated by S2. Under

this condition, ink dot strings 04, P4, Q4 - are

10 formed on the transfer drum 1. In this way, for

every turn of the transfer drum 1, the recording

head 2 is moved in the subscanning direction by a

: distance corresponding to 3 pixéls to sequentially

form ink dot strings, and the transfer drum 1 makes

15 8 turns so that a desired ink image is formed in
the printing area 50.

With respect to the ink dot strings 01 to 08,
the ink dot strings are arranged in the order of
their formation time and are shown together with a
nozzle number in parentheses by which the

respective ink dot string is formed, as follows:
O1l(H3), O4(H3), O7(H3), O2(H2), O5(H2), O8(H2),
03(H1), and 0O6{H1). A nozzle(s) which is caused by
the scanning of  the recording head 2 to fall
outside the printing area 50, for example, the
nozzles Hl and H2 in the first scanning, do not
- eject ink and are inhibited from ejecting ink until
the nozzles are moved into the printing area 50. ‘
The relationship between the nozzle pitch P

and the moving distance Z will be described. If
Z/P is not an irreducible fraction, when the
" recording head 2 is repeatedly moved several times
in the subscanning direction, the ﬁositions of the
nozzles begin to coincide with those which were
previously scanned, resulting in the formation of
ink dot strings being conducted twice at the same
positions on the transfer drum 1. When P is set to
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gg@ witing is conducted on the transfer nediumin accordance mnth t he
nunmber of' printing dots which is counted by the dot“.cauntln means,.c .
According to another enbodi nent of the inventd of, "t hé-qboye:i pk | etrr .
recording apparatus is further characterized:in t hat .tte sequence changi ng

means changes thsese,quamgeahae Sth P EBNNYJad hegrgggpgh@mgs #hi gh are
adj acent to each on the transfer medium are not continuously

print ed. plx ﬁo?B ng &8 §FFIF°ah6tﬁe§1§ﬁﬁ88?néﬁ9a&ftPhEhaanent|on
the above ink jetoreespdhddngppaicat @s ighisedld,] for example, the

i above-mentioned coincidence is realized at a fifth
| 5 turn of the transfer drum 1. In order to ensure
% the recording head 2 will always scan positions
- which are not coincident with those previously

scanned, P and Z must be set so that Z/P is an

irreducible fraction.

10 In order to form ink dot strings at positions
which are not adjacent to ink dot strings that are
formed in the immediately preceding scanning step,
the relationship of 2 < Z < P - 2 must be
satisfied. In other words, when Z2 =1 or Z = P -

15 -1, ink dot strings are sequentially written so as

to be continuous in the subscanning direction.

This causes ink dot strings to be formed adjacent

to ink drops impacted in the immediately preceding

scanning step before the ink drops are sufficiently

20 dried, resulting in occurrence of the repellent

phenomenon.- In order to prevent this phenomenon

from occurring, Z and P are required to be set so
. as to satisfy the relationship of 2 < 2 < P ~ 2.

Next the position of the nozzle which is at

the edge of the printing area 50 will be described.

In order that ink dots are written by conducting
the scanning of the recording head 2 with a fixed
pitch in one direction without 1leaving space
between them in an edge region of the printing area
50 indicated by Ol1 to 08, at least Z - 1 nozzle(s)
must be disposed outside the region which is
located in  the upstream side of the subscanning
direction and outside the printing area. Since the
recording head 2 is moved with a pitch of Z pixels,
this results in regions which are continuocus and
constitute a part of the printing area 50 being
formed by means of at least Z nozzles. In other
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“&f urther characterized in that, in a color image witing step using a
Fplurality of recording heads, a dot in which two er :;-more-cqQlors,are to be

'mxed is not subjected to a pI urality of p:l ng i rtg S‘t'eps i ri.t'he.éarrm t.urn

Ppf a transfer nedium According t® the ‘above descrirbed proceeding

conf i gur ati ons,wéids sequensabeéaﬁamﬁlgcbifn&n% Weddritie héed hiaggster
frediumi s chanﬁgad in accor he nupber nmediumis cha E%‘?d in

hccor dance wi t S HEeHOTBEF o ﬁ88t §tt L8dsCatde HFER HPFHF Tt FRYD

Jherefore, a blmvﬁhe:hlplsasreaan lsé.ﬂ@eolﬂuﬂhersmﬁsdahnlmgldhreeqimmes a

prol onged film;Jo [ S cted [ 8N 8ar, | er L L step, and
a bl ock which alsg a{“garrgl ?ﬂn %ér&f db#lg i & %qﬁ?ré%lea %J\ftl\%llr‘%iﬂg

s area.

: . In summary, when 2 and P are set so that Z/P

' is an irreducible fraction and the relationship of

2 £ 2 £ P - 2 is satisfied, and the Zth nozzle

counted from the upstream side of the subscanning

10 direction is made coincident with an edge of the
printing area, the movement of the recording head
in one direction with a fixed pitch allows ink

: drops to be impactéd to positions which are not
1 adjacent to ink dot strings of the immediately.
1 preceding scanning step. Therefore, the repellent
phenomenon can be prevented from occurring so that
an image of a higher quality is formed on the

transfer medium. According to the embodiment, the
recording head can be moved in one direction with
a fixed pitch, and therefore factors such as a back
lash which may cause the moving means to fluctuate
can be eliminated so that the movement accuracy is
further enhancéd, thereby realiziné a higher image
quality. Since regions which are continuous and
constitute a part of the printing area are
alternately formed by means of at least Z nozzles,
the further effect of lowering deterioration of
image quality due to variations between nozzles,
such as those in weight and speed of ink drops, is
attained. The transfer step is conducted in the
same manner as that of the first embodiment, and
therefore its description is omltted

Next, as a fourth embodiment, Fig. 7 shows a
transfer type ink jet printer which can form an ink
image while wmore effectively preventing the
repellent phenomenon from occurring. The
embodiment is different from the above-described
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filmformation time is subjected to a later witings step,
conditions of formng a filmin each blocK in the,
{made uniform Since dot strings which ce re -

4
rere r  w»
14

wher eby t he
transfer step can be

lare adj acent to each other on the transfer medi um are+rot ehghfiﬁUbUéIy

e

9

isubj ected to the printing step, dot strings of each bl ock are prevent ed
from cont act i nrembatimenter ibetbaté heating means 4 incorporating

10

a heater lamp is disposed in the periphery of the
transfer drum 1 so that the drying of an ink image
formed on the transfer drum 1 is accelerated. In
advance of the ink image writing step, the surface
of the transfer drum 1 is controlled by the heating
means 4 and temperature detecting means (not shown)
so as to be within a temperature range in which
some content of water contained in an ink image can
be evaporated and the ink image can be maintained
in an appropriately dry state. In the embodiment,
the surface is controlled so as to be 55 % 5°C.

In the ink image writing step, as illustrated
in the first and second embodiments, ink dot
strings are formed in the main scanning direction
without adjoining each other at 1least in the
subécanning direction. Under this condition, the
surface of the transfer drum 1 is already heated.
Therefore, the drying of impacted ink drops is
accelerated as the transfer drum 1 rotates so that
ink dots are easily fixed to predetermined
positions. Even when_a continuous ink image is
formed by impacting ink drops in the subsequent

second scanning step, consequently, the repellent .

phenomenon is prevented from occurring so that an
ink image of a high guality is easily formed.
Accordingly, the acceleration of the drying of ink
drops enhances the recording speed, whereby an ink
image of a hiéh quality can be formed rapidly on a
transfer medium without causing the repellent
phenomenon. The transfer step‘is conducted in the
same manner as that of the first -embodiment, and
therefore its description is omitted.

Next, a fifth embodiment of the invention will
be described with reference to Figs. 8 to 10. The
enmbodiment is configured so that a recording area
is scanned plural times by a recording head shorter

This Sheet Has Been R,
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"3 | mformation, so that ink coagul ati on does not occur. Since the same dot
qs not subjected to printing steps of plural recording heads during one
urn of the transfer medium the dot overlap s conducted aftpr thHeffilm

rmation and therefore the enlargenment of fhei ddt di anétrers ddue’ t U ctrhge

ihcrease in the unteyaf i nt _is _preyvented:from, occurting”” *
cording to théﬁ?ﬁvetﬁ'g‘%on%@ég%?g% enfFE2 | Fhide 40k ,AXOPS (B8R qure an
k jet recordi ABPastedatospasithonsawhichdume ner @dfiauent tte anki gh

k jet record ‘atospaRitkonsawh Lnchine ia % gh
i Topaf chin R IR GhE 0542108, pERlshg orett on
|

|

O T —

step, thereby forming a desired ink image. Fig. 8
s is a perspect:.ive view of an ink jet printer and
illu_str_ates the embodiment. A recording head 80
and an ink tank which is integrated with the head
are held by a threaded carriage shaft 81. The
carriage shaft 81 is rotated by a motor 82 which
10 functions as the moving means, so as to move the
recording head 80 by a predetermined -distance in
the subscanning direction indicated by an arrow D.
The other compon:ants of the embodiment are

1 configured in the same manner as those of the first
15 embodiment, and therefore their description is
omitted. '

The ink image writing step will be described.

The recording head 80 has N nozzles which are
arranged in the subscanning direction at a pitch
20 that is equal to a distance corresponding to P
pixels. In the embodiment, five nozzles 91 to 85

are arranged in the subscanning direction with one

‘pixel set to be-e.g. éh.?;un (1/300 inches) and at a pitch that is
equal to a distance corresponding to 8 pixels. The

3 moving distance Z of the recording hea_é 80 in the
subscanning direction is set to be a distance
corresponding to 3 pixels per one turn of the
transfer drum 1. During the period in which the
transfer drum 1 makes P turns (1st toisth turns),
13 the recording head 80 is moved from the initial
position S1 to a position. indicated by s2 or by a
distance correspondinge. g. to 3 pixelsfor every turn
of the transfer drum 1. When the z:l:h nozzle (i.e.,
the nozzle 93) of the recording head 80 counted

from the upstream side of the subscanning direction
is made coincident with an edge of a printing area
90 of the transfer drum 1, the ink image writing
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%di um

. Fig. 2 is a perspective view of an ink jet printer
is a first enbodiment of the invention. Fig. 3|§ablock

et

whi ch

di agram of a control systemfor controllifg-ihe ‘ager at fon“af the: tnk i mage

14 re e r rece

witing step in the first enmbodinment of the:nverdtidn = =i =
is a diagram glt;lgpstlrsatd;m@n@ea hed ehatcapdughd n_gn@gécagmfagmga Fecor di ng

head which is

Fig. 5is a dF gﬁ:n%h%%% %Sﬁm %glsr%‘il)r%%hg“é RLE: PltCh

- 10

corre.spondlng to 2 ink dot strings. Then the
recording head 80 is moved to a position indicated
by S§3, or, when the nozzle 91 is observed, the
nozzle 91 is moved to a position of an ink dot
string R25. When the moving distance from S2 is
represented by LL, the position indicated by S3 can
be expressed by the following expression in terms
of the nozzle number N of the recording head, the
nozzle pitch P, and the moving distance Z by which
the recording head is moved per one turn of the

. transfer drum in the subscannlng direction.

ILL = (N - 2) XP + Z

In the embodiment, since N =5, Z = 3, and P
= 8, LL is equal to 19 (LL = 19). This value
defines the moving distance of the recording head
80 which allows the nozzle 91 to be made coincident
at the 9th turn of the transfer drum 1 with a
position in a gap formed by scannings of the 1st to
8th turns of the transfer drum 1, and allows a
continuous ink image to be formed in the printing
area 90 without producing a double writing or a
region where the writing is not conducted. Fig. 10
shows the relationship between the rotation of the
transfer drum 1 and the moving distance of the
recording head 80 in the subscanning direction. In
the embodiment, a desired ink image is formed in
the printing area 90 by- repeating movements in
which the moving distance is Z in 1st to Pth turns,
LL in a (P +.1)th turn, 2 in (P + 2)th to (2 x P)th
turns, LL in a {(2 x P) + 1}th turn, -.

During the 1st to Pth turns :of the transfer
drum 1, the scanning is conducted with a fixed
pitch in one subscanning direction. In order that
ink drops are impacted to positions which are not
adjacent to 1ink dot strings formed in the
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- .
met’hod in a second enbodi nent of the invention. Fig 6 is a

di agram showi ng an ink jet recording nethodrlq a t'hizpd eabgd?ﬂent of the
i nventi on. Fig. 7 is a perspective View 6f & ttansfer” type”fnk

jet printer whighnbdiaceqy @émg@%ﬁarﬁh&é{gesdage“ééoaesc ea  FIO
is a perspective V|em10 trans printer i's
fifth enbodlnen#noﬁopﬁéﬁqﬁkﬂﬁ iwyth the thlrd QMRPd¥m¢%ta Elagﬁaﬁ1shomﬁng
an ink jet recopds8gpemekltodol Rhhkezlbl 18 2RV EBGEIiBlet BRabBYBAL i ON.
and the relationship of 2 < Z < P - 2 is satisfied.
s However, this relationship is applied to the case
of Z2/P < 1. Generally, Z and P can be set so that
z/P is an irreducible fraction and a relationship
of PXx (M -1) +2 <Z<Px (M-1) +P - 2 is
: satisfied when a minimum natural number M
‘10 satisfying (Z/P) < M is defined.

In the case where N is equal to Z (N = 2), LL
becomes equal to 2 (LL = 2), and all the moving
distances of the recording head in the subscanning
ﬂ direction for every turn of the transfer drﬁm are

15 equal to each other. Therefore, the rotation of
the motor 82 can be constant so that a scanning of
high accuracy is realized, thereby enabling an ink
image free from the repellent phenomenon and high
in quality to be formed on the transfer medium.
120 The transfer step is conducted in the same manner
as that of the first embodiment, and therefore its
description is omitted.

According to the embodiment, an ink image
which is free from the repellent phenomenon can be
' formed by using a recording head shorter than the
recording area of the transfer medium in the
subscanning direction. .

According to the above embodiments, ink drops

_ are impacted onto a transfer medium which can
30 conduct a low pressure _transfer and has a high
‘ peeling property, in a -discontinuous manner at
least in the subscanning direction and as ink dot

strings in the main scanning 'direction, and
thereafter ink drops are impacted to positions

35 which are not adjacent to ink dot strings formed
| immediately before the current scanning step.
Therefore, the invention can attain an effect that
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Fig. 10 i s di agram showi ng the relatjonshi p hetween the rgtation of a
transfer drum and the noving di stance qf a fl’re-COI’dI ng..Heaﬁ lth ot he fifth
enbodi ment of the invention. R g- .11 is.a-perspeefive view of an
ink jet recording apparatus of a sixth enbodi nent of the i nvent i on.

Fig. 12 i s a pBEspetReliedte PRERONIROR havluinty amiagh PEPIWAA ndMa recor di ng
head of the lﬁkateéptemydmramgai Walofty hes shxéveptibadicremnt of the

the recor di ng°SFREESRSL R FRRE) & TRASF GG Etr}ip“a?%pa;”‘ia“"d Phen

enbodi nent of obhainedewn drhe transfer medumlérnds théteférdi agram of the

rraisn portion A%age of a high quality can be obtained on the
recarding medium.

Fig. 11 is a perspective view of an ink jet
printer which is a sixth embodiment of the
invention. An ink jet recording head 2, and a

10 pressure roller 3 which functions as the transfer
means are sequentially arranged around a transfer
drum 1 which functions as the transfer medium.

_ The recording head 2 is an ink jet recording
head of the type which uses piezoelectric elements,

115 and is supplied with ink from an ink reservoir 126

through an ink supply pipe 129. The recording head

i 2 has a plurality of nozzles which are arranged at
equal intervals in the axial direction of the
; transfer drum 1. In the embodiment, the recording
20 head 2 has 512 nozzles arranged at 0.677mm (16/600-inch)
pitches.
A head moving device 120 comprises a driving
I motor 121, a recording head holding member 125, and
a movement guide 127. The recording head 2 fixed
25 onto the recording head holding member 125 is moved
by the driving motor 121 along the movement gquide
127 in the axial direction of the transfer drum 1,
by an arbitrary distance which is in units of e.g. 42.3um (1/600
inches), with 0.635mm (15/600. inches) as the maximum for each
30 turn of the transfer drum 1.
The transfer drum 1 is structured by
laminating an elastic layer made ofjsilicone rubber
on the periphery of a metal pipe, and has a
circumference of e.g. 25.4cm (10 inches). The transfer drum 1 is
35 rotated by a drum driving motor 113. A sensor 115
detects a timing mark 114 attached on the transfer
drum 1 and outputs a signal indicative of the
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A
the ink jet recording apparatus of the sixth -entbodj ment of,.t he i nventi on.
Fig. 15 is a side view of an ink jetr recordl g appér’at us-ok :a seventh

tee terer

enbodi ment of the invention. ‘ UL ,,Fl'g,' 16,.¢S «a bl ock
di agr am of theﬁgatgl gortlsggégf the |nk j et recording 3%%rat lis of the

sevent h embodf the ~ transfer |
Specifically, the sensor 115 generates as the output signal

in the given example, one pulse per 42.3um (1/600 inches) or 6000
pulses for every turn of the transfer drum 1.

5 Among these pulses, 4,864 pulses are used for
determining the printing timing of the recording
head.

The pressure roller 3 is a roller made of a
metal such as aluminum, and is pressed against or

16 released from the transfer drum 1 by a transfer
pressure applying device 128. When the pressure
roller 3 is pressed against the transfer drum 1,
the roller rotates &t the same  speed as. the
peripheral speed of the transfer drum 1 in the

15 direction of an arrow B in the figure while a

' recording sheet 5 is interposed between the roller
and the drum. In the embodiment, the transfer
pressure is set to be in the range of 10 to 50 kgw.

Next, the operation will be described. The

0 image formation step consists of two steps, an

o image writing step of forming an ink image on the
transfer drum 1, and a transfer step of
transferring the ink image formed on the transfer

. _ drum to a recording sheet.

] .The image writing step will be described with
reference to Figs. 12 and 13. The recording area
on the transfer drum 1 is divided e.g. into 16 regioms
for each nozzle of the recording head 2. The
recording head 2 is positioned by the recording

e head moving device 120 so as to correspond to a
block which is to be firstly recorded. Wwhile the
transfer drum 1 conducts one turn in the direction
of an arrow A, the nozzles (in Fig.. 12, two nozzles
200 and 201 are representatively illustrated) then

35 eject ink to form an ink image. In Fig.12, the ink
image is shown by dot strings 202 and 203. After
the writing step for one turn has been conducted on
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the invention., Her ei naf ter, ;he’anentlon will be described in
detail by illustrating enbodi nent. ZU" et g "2 48 a périspective view
of an ink jet printer which is aflgst eniboﬁlmant of: thé rrnvenption.  An

ink jet recorgh&0cPgRse 2r 2aEuR Preéﬁé”f‘eé éﬁg Fykd ¢h iym&+@as as the

transfer nmeans are sequentially, afranged aro transfer drum 1 which
functions as t¥R th&n PR LR ko | dm eEhef Grlﬁ'ﬁéltl@é’rrpﬂ s¥8 a sheet

supply device &rfeF bDrHSPRr iinkie GRLEr dieng. sheetsph hisob fdenetj ongnas
rtiopn where the essure roller

th di di
prgsgleflglryl antfn%%’%%fi]erﬁ’f ﬂeb??%ﬁ‘@f%t?e cﬁ"tﬁﬁ‘%{ g R ?ﬁ%’&h‘i‘?ﬁl ng device

7 fer strings are formed on the transfer drum 1 in the
same manner as the first turn. Since the nozzle
pitch h is in this example 0.677mm (16/600 inches), the transfer drum 1 makes
16 turns in the same manner to form an image of one
page on the transfer drum 1.
10 The method of deciding the sequence of the
writing blocks will be described with reference to
Fig. 14. First, printing instructions and printing
data are transmitted. from a host computer 116.

_ Then a controller 130 develops the printing data in
;' emory 152, preferably a video memory in accordance with the printing
‘ instructions. The video niemory 152 consists of 16
blocks in total. Each of the blocks has a capacity
of about 2.5 megabits obtained by multiplying the
total nozzle number of 512 by 4,864 dots which can
20 be printed by one nozzle during one turn of the
transfer drum 1. When data of one page have been
developed, a dot counter 153 counts the number of
printing dots of each of the writing blocks in the
: video memory 152, and informs the controller 130 of
5 the counted values. The controller 130 decides the
sequence of printing the blocks in order of
decreasing counted value, and transfers informéti—on
indicative of the sequence of the printing blocks
: to a memory selector 154. In deciding the
g 3 sequence, however, restriction is set so that
A adjacent blocks are not successively subjected to
the printing~step. The memory selector 154 reads
out printing data from the video memory 152 on the
basis of the sequence information, and transfers
8 3 the data to the ;‘:ecording head 2. In accordance
with the sequence of the printing blocks, the
controller 130 causes a recording head moving
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di scharging a recordi ng sheet onto which .an ink_ inmage has begn,
transferred, and a sheet discharge tray-8 for Mol di ng:da..di scharged
recording sheet 5. The rotation or :novjJg,, diFedtidns Of “the menbers
are indicated by arrows A, B, C D and E,respectively. | ’ The
recordi ng head HAeyiger Fliyers ahSi o | driveecthdi eereding thead ype which
uses pi ezoel ect kdviHLMive AW 92Dt oRlduct ¢hepesliesoning are

arranged at equal ntervals [n the axial direction of '{he-transfer drum 1.
In the enbodi N%,L?ﬁe% ndy Read-2 niR n%’ﬂ??‘é%m%m:ané:&? at 0.677

mm (1 16/ 600- i nchisepjuetitas. changigror deagshefs Zcomstituted by the
5 controller 130. )

~ Next, the transfer step will be described.

After an image of one page has been formed on the

transfer drum 1, the pressure roller 3 is pressed

against the transfer drum 1. Timing is provided so

10 that the recording start position corresponds to

the leading portion of the recording sheet, and the

recording sheet 5 is transported to the area where

pressure roller 3 contacts transfer drum by sheet

transporting means 141 (see Fig. 11), thereby

15 starting the transfer step. When the end portion

of the recording sheet 5 has been subjected to the

transfer step and passes through the area of

contact between pressure roller 3 and transfer drum

1 1, the pressure roller 3 is separated from the

transfer drum 1 so that the recording sheet § is

discharged.

As a result of the above steps, the recording
of one page is completed. )

Fig. 15 is a side view of a color ink jet
printer which is a seventh embodiment of the
invention. Recording heads 2a to 2d and a transfer

- roller 3 are arranged around a transfer drum 1.
The recording heads 2a to 2d can be independently
moved by head moving devices 120a to 1204 ywhich can ;,e
structured in the same manner as the moving device
of the -sixth embodiment, respectively. The

" recording heads perform the color printing.
Namely, the recording head 2a ejec{:s ink of black,
the recording head 2b ink of cyan, the recording
head 2c ink of magenta, and the recording head 24
ink of yellow. The mechanisms for transporting a
recording sheet 5 and conducting a switching
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as required.
directi on of
the transfer

22 which i sORRRFHAY of (BR%

12 connected with an ink reservoir 26 so as to be supplied with

i nk

The recording head 2 i s .mpved Py ‘hovihg - means 20 in the
the arrow D, by a predeterfired: distance forévery turn of

rr

drum 1., The novi ng medhs 20° i $" conposed of a | ever

cBFeeSHRatralieves SHAPE PFUFHHREE ons as

a

fulcrum and gdnmtttie 2lsameOnaatin@rof aishe drpyed 28fi sSthecoriaaited wWith the

shaft 2la of

gmories 152a

16

15

20

i

k4]

35

te%org)ltm%rn 2.1, and the ot her

The operation of the printer will be described
with reference to Fig. 16. A controller 130a
receives printing instructions and printing data
from a host computer 116. The controller 130a

develops the printing data in memories, which preferably are video

to 152d@  in accordance with the printing
instructions.

The memories are independently provided
for respective colors. When data of one page have
been developed, dot counters 153a to 153d count the
number of printing dots of each of the printing
blocks in the video memories 152a to 1524, and
inform the controller 130a of the counted values.
The controller 130a decides the printing sequence
of the video memories 152a to 1524 in order of
decreasing number of printed dots. In deciding the
sequence, restriction is set so that adjacent
blocks are not successively subjected to the.
printing step for each color, and that the same
block is not printed plural times in the same
rotation of the transfer drum 1. The controller 130a-
transfers information indicative of the decided’
sequence, to memory selectors 154a to 1544. The
memory selectors 154a to 154d read out printing
data from the video memories 152a to 152d in the
decided sequence in synchronization with the
rotation of the transfer drum 1, and transfer the
data to the respective recording_ heads 2a to 24.
The controller 130 controls the rec;ording heads 2a
to 2d so as to cause them to move to the respective
blocks to be printed, by sending instructions to
recording head moving device drivers 155a to 1554
to drive the recording head moving devices 120a to

1204.
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end with an end of a recording head:fixing-menaber -25...The.. ,shaft 2la of
the notor 21 is threaded so as to bé nbved in-the :.axjal- direction by the
rotation of the notor 21. In the < efbodiment, 'tHe.shaft.*21a i s noved by
0.5 mmfor every turn of the mptor 21 so that the recording head 2 is

moved by 42.3 pm GFSTEIHENES) T 9P imant ontBe IRNBYIARD agai nst
the force exandet bwhickpanndnid Mishiss irmhesnt a tiaryiar end of

i nat| ng an BSALE 37¢ SEFEEStRAIPYo AT e R b BER GRS er | phery of
a netal pipe ¥ritipgebdogis) oft primdtioy dlataf irh@cdastamce djdr 12 is a
ruper materi ghef r ATWaLCho@n ﬁ.ann{:fﬁge ciosts, thereby allowing
recording with a high printing quality. Since
adjacent blocks are not successively subjected to
the printing step, 1ink coagulation <can be
prevented. In a color printing, ink mixing on the
10 - transfer medium is not conducted in the same turn
of the transfer medium, thereby preventing
enlargement of the dot diameter due to ink mixing
before formation of -the film and thus allowing.

recording having a high printing quality.

15 In the above, embodiments having an ink jet
recording head which uses piezoelectric elements
have been described. The invention 1is not

restricted to this, and a recording head using
heating elements may be employed. Also e.g. belt type

transfer medium may be used in place of a drum
transfer medium. .
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easily peel ed, -and i ncl udes fluor05|IlcenerrubbeLw,etQ,,,Ln addition to
silicone rubber. The transfer drum1l isr dr:ven r by, a‘drhﬁmﬁrrvvng not or

LA X d

The rotating speed of the transfer drurfn Lis. controlled- by "a’Si ghal fro
encoder 9 attached_to the transfer drum 1. The signal from
the rotary encoder 9 is used also as the references of t he

rotary
13

~

1’

2'
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An ink -jet. recording method in which an ink image is

written on a transfer medium by a recording head and
transferred to a recording medium, said recording head
being opposed to said transfer medium and separated
therefrom by a gap, and a main scanning and a subscanning
are conducted on ‘said transfer medium, wherein an ink

13

image writing step is_ conducted by selectively ejecting .

ink drops from said récording head, said ink-image writing

step comprising:

a) a first scanning step in which ink dot strings are

" formed in a main scanning direction so as not to adjoin
each other in at least a subscanning direction;

b} a second scanning step in which said recording head is
moved in the subscanning direction and ink drops are
impacted to positions which are not adjacent to an ink
dot string which is "lastly formed on said transfer
medium in an immediately preceding scanning step; and

c) a step in which said second scanning step is repeated
until a desired ink iﬁage is written.

An ink jet recording method according to claim 1, wherein
ink dot strings which are adjacent to each other on said
transfer medium in the subscanning direction are formed by
ink drops ejected from different nozzles of said recordlng
head.

-

~

An ink jet recording method, especially according to ény
one of the preceding claims, in which an ink image is
written on a transfér medium by a recording head and
transferred to a recording medium; said recording head
being opposed to said transfer medium and separated
therefrom by a gap, and a main scanning and a subscanning
are conducted on said transfer medium, wherein an ink

E: TEXT\EUROPA'6413CLS.DOC



~“—printing tinmng of the recording head and the rotation tinming of the

transfer drum : The pressure roller 3 is a roller nmade of a metal
such as al um num and can be pressed against- °Qr"'r'el gased .from:rthe transfer

drum 1 by a presthiyShea ice 10° tthr ughi™"-a- pr ésSure .. eUer 28 which
sw ngs about a su ﬁﬁ 27 Vheri t he pr‘essu’r’e rol l er” 3%i's pressed
agai nst the trans m e roIIeE rot at es at t'he sanme-speed as the
peri pheral speed o e trans er

drumllnthe of the arrow B
in the figure while the recording sheet 5 is int Elg l j" he roller
and the drum In the enbodi ment, the transfer o be

about 10 kgw,
image writing step is conducted by using a record;.ng head

having a plurality of nozzles which are separated by a gap

corresponding to P pixels in a  subscanning direction,

said ink image writing step comprising:

a) a first scanning step in which, for each main scanning,
ink dot strings are written by moving said recording
head in one subscanning direction by a distance
corresponding to 2 pixels 2/P being an irreducible
fraction, a relationship of 2 < 2 5_'? - 2 being
satisfied; and ,

‘ b) a step in which said first scanning stép is repeated
until a desired ink image is written.

4. An ink jet recording method according to claim 3, wherein,
in said ink image writing step, the subscanning of said
reocrding head is commenced when at 1least 2th nozzle
counted from an upstream side of the subscanning direction
of said recording head is made coincident with an edge of a
printing area.

5. An ink ﬁet récording method, especially according to any
one of the preceding claims, in which an ink image is
written on a transfer medium by a recording head and
transferred to said transfer medium, said recording head
being opposed to a recording medium and separated therefrom
by a2 gap, and a main scanning and a subscanning are
conducted on said transfer medium, wherein an ink image

- writing step is conducted by using a recording head having
N (N is a natural number and N > 2) nozzles which are
separated by a gap corresponding to P pixels in a
subscanning direction, said ink image writing step
comprising:

a) a first scanning step in which, in a period from a
start of a printing to Pth main scanning, ink dot
strings are formed by, for each main scanning, moving

E: TEXT EUROPA6413CLS.DOC
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The ink preferably contains at |east:water,- a-water. soluble.organic

sol vent, a pi gnent,amd a col | oi dal dlspersronf [QSln-'Specvflcally a

sanpl e of the in « car bdn-‘bldck ‘as *a.pi gnent; 30 wt % of
lﬁﬁfﬁof a reS| n solid conponent and 13% of

WATERSCL CD- 540
| sopropyl ene gl yco dlsper5|on Tesin"whi'ch is  produced by

DAI NI PPON | NK_ KAGAKIM gl col | oi dal dIS |fied
epoxi di zed ester type, 5 vvt % of triethanol amn M M/i H H | e organic
solvent, and 5 wt % of polyethylene glycol as a A4 nk is

prepared by agdhi B9 riedbirdiing Walaey 1trp dx{eesseumnﬁmsduectmn py Next,

oper ation of tHIS enbodi nent wi | |
tance correspondlng to Z pixels, 2/P being an

irreducible fraction, a «relationship of P x (M -
1) +2 <2 <Px (M-1) + P - 2 being satisfied when

a minimum natural number M satisfying (Z/P) < M is
defined;

by a second scanning step in which, in a (P + 1)th main
scanning, said recording head is moved in oné
subscanning direction by a distance equal to (N - Z) x
P + 2 pixels; and -

c) a step in which said first and second scanning steps
are alternatively repeated wuntil a desired ink image
is written.

6. An ink jet recording method according to claim 5, wherein N
is equal to Z (N=Z).

7. An ink jet recordirig apparatus in which an ink image is
formed in an image recording step on a surface of a
transfer medium (1), and the ink image is transferred to a
recording medium (S) in a transfer step, said apparatus
comprising:

a recording head (2) having a plurality of lnk ejecting
nozzles (H1, H2, H3 ...) which are arranged in a line at
predetermine intervals;

a transfer medium (12) which is opposed to said récording
head (2) and separated therefrom by a gap and rotatably
supported, and on which an ink image is formed pregerably
by an ink jet recording method according to ani éne of
claims 1 to 6;

moving means (20) for moving said recording head (2) by a
predetermined distance in a subscanning direction for every
turn of said transfer medium (12); and

transfer means (3) for transferring the ink image on said
transfer medium (12) to said recording medium (5).

E:TEXT EUROPA'6413CLS.DOC



. : . . . . . . tep. In an

ribed, starting with an ink ipage witing s . '
%ﬁk inggzcmﬁiting step, the pressure ro}#@r é3éﬁfico%agokgfgfigﬁé§iﬁgc??on

f the transfer dr I Q (
Coher e fron1thp_surjggg_gm .l [ “of "the trafsfer=druml is
[ ion of the arrow A i'm the figure) o _ _ (

éépfnghrggtlthe MBiTh;s $H:2010k BL iregilon,4and [he_ﬂDV|ng di rection of_the
recordi ng head 2 is;fhnn £ **Subscanni ng diTect i-on. - o

M AN

8. An ink jet recording apparatus according to claim 7,
wherein' said apparatus further comprises heating means (4)
for heating the ink image written onto said transfer
medium (12),

9. An ink jet recording apparatus, especially according to
claim 8 or 9, comprising:
image writing means (2) for forming an ink image on a
surface of a transfer medium (12); ’
transfer means (3) for transferring the ink image to a
recording medium (5);
dot 'counting' means ({153; 153a to 153d) for counting a
number of printing dots of image data stored in an image
memory (152; 152a to 152d); and
sequence éhanging means for changing a sequence of
conducting a writing on said transfer medium in accordance
with the number of printing dots which is counted by said
dot counting means.

10. An ink jet recording . apparatus according to claim 9,
' wherein said Sequence changing means changes "the sequencé
in such a manner that dot strings which are adjacent to
each other on said transfer medium are not continuocusly
printed. - .

s e e e

i
»

11. An ink jet apparatus according to claim 9 or 10, wherein
said image writing means comprises a recording head (2),
and said transfer means comprises a pressure roller (3).

12. A color ink jet recording apparatus, especially according
to any one of claims 7 to 11, comprising:
image writing means having a plurality of recording heads
(2a to 2d) for forming an ink image on a surface of a
transfer medium (12);
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Wien the transfer drum 1 makes one turn in the direction of the arrow A
ink dot Strings are formed in a |line at;.posit{iQne - respeectively.
corresponding to the nozzI es of the recofding 'he'ad, D. .,"El,g',,, 3,,Ls a bl ock

di agram of a portl Ohys S i ng 1 he oper atd' on‘-ef “4-he i.ak itnmage
witing step in the mm n accogdance Wththe rotation of the

transfer drum1l, t nerat es the si r edet er m ned
intervals. A CPU 30 receives t e signal 9S andigglm I ﬁ Umg si gnal
30S by which the recording head 2 is caused to- | YMA driver

31 drives the recording head 2 in accordance with the timng signal 30S
and a printingragfet Hardy opBa Fopnatramofarmsing checuirtk 32magénNto a
parallel\Mtr%ecordlng medium (5);

dot counting means (153a to 153d) for counting a number of
printing dots of image data stored in an image memory; and

sequence changing means for changing a sequence of
conducting a writing on said transfer medium in accordance
with the number of printing dots, and for changing the
sequence in such a manner that a dot in which two or more
colors are to be mixed is not subjected to a' plurality of

printing steps in a -same turn of said transfer medium.

13. An ink jet color recording method comprising the steps of:
receiving printing instructions and first printing data;
developing second printing data in a plurality of memories,
preferably video memories, according to printing blocks in
accordance with the printing instructions and the first
printing data, each of said plurality of memories
associated with a respective color;
counting a number of printing dots of each of the printing
blocks represented by said second printing data; _
deciding a printing sequence of said printing blocks in
order of decreasing number of dots, wherein said deciding
is restricted so that adjacent ones of said printing blocks

are not successively printed.

-
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this, the CPU 30 causes the drumdriving notor 13 for the transfer druml
to rotate, and sinultaneously sends 4. slgnaL,,to t He -ffovi A4 freans 20 for
the recording head so that the recordi-ng:heéad:2 I'scpoyed by q- é;
predeterm ned distance. Printing data 34 t'r &fisni tted f roman "ext er nal
device are tenporarily stored in a buffer nenory 33, and sorted in

ABSTRACT

In a transfer .type ink jet recording system, a scanning is
conducted on a transfer drum using a recording head (2) to form
ink dot strings. The recording head (2) is moved in one
subscanning direction with a fixed pitch so that ink drops are
impacted to positions which are not adjacent to ink dot strings
formed immediately before the current scanning step, whereby
a repellent phenomenon is prevented from occurring. According
to another aspect of the invention, the printing éequence is
changed in accordance with the density of print data. A dot
counter (153) counts the number of printing dots of each of a
plurality of writing blocks in a video memory (152). A
controller (130) decides the sequence of printing the printing
blocks on the basis of the result, and transfers information
indicative of the sequence of the printing block to a memory
selector. In deciding the sequence, restriction is set so that
adjacent blocks are not successively subjected to the printing
step. The memory selector (154) reads out printing data from a
video memory (152) on the basis of the sequence information,
and transfers the data to a recording head (2).
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EP Application . ;
ags @ eedddrdihg, fovi ng di stance of the recording head 2 in the /13
subiSicare i i ection. Then the printing data:34 afr€. . transmtted to the
driver 31 as the printing signal 32S:t lrough the si gnak pr-e£Bssi ng circuit
32. These operations are repeated so that i nk™"dot “stri*ngs *are*forned on
the transfer drum1 as shown in Fig. 4. Fig. 4 is a diagram 2»
illustrating a nethod of scanning the recording head which is used in th
enbodi nent. For con¥§§i epce of illustration, a nozzle 40 will be described
representatively in a“case where ink dots are inpacted in the whole of the
printing area. First, the recording head 2 is located at the initial
position indicated by S1 in the fLIQIUCSe,

N
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@
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angPt Apptianeigh drum 1l is rotated in the direction of the arrom1A As
fkosEpscanobagogggpenlnk dot strlngs,Ll L3, L5 ... L15 are forned;g&r?
théileraagfergdrum 1 in the subscannqﬁg diféction at. Jent&rval s of one

dot string by ink drops which are séle¢t|Ver ejectéd tronrihernozzles 40.
The recording head 2 is noved by the noving nmeans 20 bY q ('fn *the

enbodi nent, ¢ 84.7 pm (2/600 inches)) in the subscanning direction for
every turn of the transfer druml1l. In the first scanning step, the
transfer dr kes 8 turns so that the recording head 2 is noved to the
posi tion S2. ‘t hough the recording head 2 is noved only in the
subscanni ng direction, for convenience sake, positions of the recording
head 2 )

This Sh,
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step, $

bl

Wi Fekan on.
ding head 2 is noved to” tthe? ~pasft.ion 53;-

4or o S4 are shown being shifted in the main
I _ihe syhsequent second scanning
.and _&A 4 nk dot

RPIRPRVE SRS B~

3[i3

string L2 is formed between ink dot strlngs ‘U] ~arid L3° whlch,.aré witten in

the first scanning step. Simlarly,

forned between ink dot strings

*
i
#
¥
ot
:
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FIG. 3

i nk dot

strings L4, L6 ...

—erneorder

L16 are

Encoder

printing data 34

drum drivin ' movi a 4 | recordin
matar 13 9 oving me head 2 g
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S driver 31
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WhEEhAgpe iwaittiban in the first scanning step. The ink dot string L16 i
wkPcEpsent terepdawsbnone of the ink dot ,strjmgs-..formed, by the nozzle 40 béf:
w EdilenSéalaseEpo be adjacent to an ink” dot: strimng M :Whichtisiformed in

the first scanning step by the adjacent"nobzfewdl,nneauFfidéiV@'an i nk

| mage continuous in the subscanning direction being fornmed on the -
transfer drum 1. In the enbodi nent, as the second scanni ng step,
ink dot strings are sequediGl |4 i npacted to positions starting from

those (the position of L2 for the nozzle 40) which are not adjacent to the
ink dot strings (ki for the nozzle 40) forned in&Hhe I edi ately

preceding first gganning step. In :

g T Jd
D 40 5 Z
! Subscanning—- AN V
i direction ¢ S2 —(:) : ;
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EP Application . _ - A -
okbeEpsondsorpbeaeibg a sufficiently large time lag between the formatiorb /I3

of fih&:868413tEPNgs in the first scannipg- -step, and the i-apact. qf ink drops
bet ween the ink dot strings in the sebonﬂ scaﬁﬁrng stiep:. Thlsﬁtxne lag is
equal to the period fromthe start of the fio'ste'scamfi’ ng step ‘f0 that of
the second scanning step, andkcidersfore sufficient for ink dot strings
formed in the first scanning step to be dri ed. '

17
subscanning direction
. 5 72
( 7t 72 —= > -
-('3 ~ N Pl 2
St ) Cj
O RO o) 5.
: : : 2
sz [Q | Q !
N — ;
Ss3 FO IR
1223258-78122:55
£ Piiiiiriiiiiobi
i scanning
- direction
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4+ EP Appllcatlon

ggfgff‘f% gé«; Piﬁ&

ots | npacted in the first scanning step are
T?he second scanni nfg step. sq.as . to, have a high

condensed
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rdkFSEAgpﬁécgﬁé ng{:-gq to be pressed against. the transfer drum 1 by the 7/’3
pradsiPaley gml%h h fting .Shafte 27-.as- i haft. Th
pregsyteckaysie 'ch uses the suppofting  Shaft- 27--.as~a $M,ng shaft. e
ink“i'mage carried on the transfer druni 1 i3 noved- as:the drfumiis rotated

and reaches the portion where the pressure folter 3-is-presséd ragai nst the
transfer druml. At this tine, the recording sheet 5 is transported by

the sheet supply device 6 so aspi® ntact the transfer drum1l, and a
pressure is applied by pressure roller 3 so that the ink inmage on the
transfer drum1l is transferred to the recording sheet 5. Since the elastic

| ayer 12 of the transfer drum 1 has properties which allow an ink inmage to

be easily peeled off, the ink imge on the transfer drum1l is

il
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18 has been transferred i s di scharged By the shee{ ﬁf&éhargrng device 7
to the sheet discharge tray 8 to be hel'd thereom.-" R Nekt; an ink
jet recording nethod of a second enbodinent of the invention wi I'l be -
described with reference to Fig. 5. This enbodinment is different from

the first FIG. g
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The invention relates to an ink jet recording method
and apparatus especially of a transfer type in which an ink
image is formed on a transfer medium and then transferred to
a recording medium to thereby obtain an ink image on the
recording medium.

A transfer type ink jet printer has the advantage
that ink jet nozzles are free from clogging due to unintended
contacts between a recording head and a recording sheet or due
to paper dust. This advantage assures high reliability. Such
transfer type ink jet printers are disclosed in U.S. Patent
specifications Nos. 4,538,156 and 5,099,256.

In the disclosed apparatuses, an ink jet recording
head (hereinafter, referred to as a recording head) having a
plurality of nozzles is separated from a cylindrical transfer
medium by a gap. When an ink image is to be formed on the
transfer medium by the recording head, the recording head
forms an ink image on the cylinder in accordance with an image
signal in synchronization with the rotation of the cylindrical
transfer medium, while the recording head moves in a direction
parallel to the direction in which the nozzles are arranged.
Then a recording medium is brought into contact with the
transfer medium and pressed from the back against the transfer
medium, whereby the ink image is transferred to the recording

medium. Thereafter, the recording medium is discharged from
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enbodi ment so that an inmage of a higher quality is forned on the transfer
medi um A third enbodi ment of the invention will be described
with reference to Fig. 6. Fig. 6 is a diagram illustrating the step of
witing an ink image in the third enbodinment of the invention. In the
embodi ment, a recording head is noved i rf one subscanning direction with a
fixed pitch and ink drops are inpacted to positions which are not adjacent
to an ink dot string which has been forned in the i medi ately

the apparatus.

In another known method (Japanese Patént Publication
(Kokai) No. HEI 4-169,236), in order to dry and fix a recorded
ink image to improve the printing quality, the total number
of printed dots or the density of printed dots is counted, and
a drying heater is controlled in accordance with the counted
value.

In any of the above apparatuses, the transfer step
must be conducted at a low pressure to ensure high efficiency
and complete transfer of the image. Specifically, the step
of transferring an ink image from a transfer medium to a
recording sheet is conducted by applying a pressure, and
therefore the transfer medium must be made of a material from
which the ink image is easily peeled or which has a low
surface energy. On the other hand, the ink image on the
transfer medium is formed by dots produced by ink drops
ejected from the recording head. Because of surface tension,
such dots have a tendency to gather on a material having a low
surface energy. Therefore, plural dots aggregate on the
transfer medium to form a large dots. As a result, a dot may
be formed at a position different from where the dot should
be formed, or an ink image formed by an aggregation of dots
may be deformed. Hereinafter, this phenomenon is referred to

as the repellent phenomenon.

Fig. 1 schematically shows a typical example of the
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21 preceding scanning step, thereby formng a desired ink image on a
transfer medium The configuration of the apparatus is the sane as that of
the first enbodi nent, and therefore the description is concentrated on the

ink image witing step. The recording head 2 is structured so
that one pixel is set to be e.g. 84.7 pm (1/300 inches), and has 514
nozzles Hl, H2, H3 ... H514 arranged at a pitch of P pixels. Wen the

transfer drum 1 nekes one turn in the direction of the arrow A, ink dot

strings are fornmed on the transfer drum1 in | i . .
g repellent ﬁ%enomenon o serveé w%eﬂ'ga image is formed by

groups of dots. In a prior art apparatus, a recording method
is employed in which a recording head 101 having a plurality
of nozzles 110 is moved in a subscanning direction indicated
by an arrow U in the figure, so that dots are sequentially
written from the initial position indicated by S1 to a
position indicated by S2. According to this method, ink dot
strings 103 are continuously sequentially overlapped on a
transfer medium 102 starting from the side where the writing
is initiated. The repellent phenomenon occurs more easily as
the quantity of overlapping ink drops increases or as the ink
amount per unit area increases. Moreover, the drying of the
ink dot strings proceeds starting from the side where the
writing is initiated. In an area 104 close to an ink dot
string written in an earlier stage, therefore, the repellent
phenomenon does not occur. In an area 105 where ink dot
strings are written and the printing duty is high, conversely,
there may arise a case where the repellent phenomenon occurs
so that the area is divided into portions 106 having ink and
portions 107 having no ink.

Japanese Patent Publication (Kokoku) No. HEI 4-
19,030 discloses a recording method in which ink drops are
directly impacted to a recording medium while ink dot strings
are alternately written in forward and reverse paths on every

other row in a direction perpendicular to a scanning direction

REPLACEMENT SHEET
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at positions respectively corresponding to the nozzles of the recording
head 2. The noving neans 20 is controlled so that, for every turn of the
transfer drum 1, the recording head 2 is noved in the subscanning
direction by a distance equal to that cgrresponding to Z pixels. In the
enbodiment, P is set to be a distance egual to that corresponding to 8
pixels and Z is set to be a distance equal to that corresponding to 3

pi xel s. At the initial position of the recording head 2

i ndi cat ed by Siti ned SO 23 to co

printing staP?lﬁotéﬁr%og‘%\zﬂlﬂect#Bafdss ﬁ@’?réf’f Je%lgﬁe%? R B ﬁqﬁﬁsaﬁéglggg of

the tranSfeEo¢5Q@E£nsfe¥“Q§%etth jet recording apparatus, however, the
transfer medium does not absorb water contained in the ink as
does a recording sheet, so that before an ink dot string
written in the immediately preceding scanning step is
completely dried, an adjacent ink dot string is written.
Therefore, the repellent phenomenon occurs on the transfer
medium in the manner described above, resulting in an image
having reduced quality.

Also, in transfer type ink jet recording apparatuses
having the above configurations, an ink image is formed while
the c¢ylindrical transfer medium makes plural turns.
Therefore, the time required for forming a £ilm of the ink
image on the transfer medium varies so that the conditions of
the film formation become uneven. This causes a transfer
stain to be produced on a recording sheet, or causes the ink
image on the transfer medium to remain partly untransferred,
so that a high quality recording image cannot be obtained.

In the case where the film-forming conditions are
corrected by controlling a heater or the like in accordance
with the density of printed dots, furthermore, it is
impossible to control the energy applied to each dot, and
therefore, the correction cannot be conducted in a perfect
manner.

The invention has been conducted in view of the
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condition, ink is ejected fromthe nozzles H3, H4, H5 ... to formink dot

strings 01, P1, QL ... on the transfer drum1l. Then the recording head 2
is nmoved by a distance corresponding to Z pixels and ink drops are

ej ect ed. This position is 22

i ndi cated by S2. Under this condition, Pnk dot strings 04, P4, 4 ... are
formed on the transfer drum1. In this way, for every turn of the

transfer drum 1, the recording head 2

above-discussed problem. It is an object of the invention
to provide an ink jet recording method and apparatus in which
the repellent phenomenon that may produce an image of
unacceptable quality is prevented from occurring on a transfer
medium.

This object is solved by the method of any one of
independent claims 1, 3, 5 or 13 and by the apparatus of any
one of independent claims 7, 9 or 12. Further advantageous
features, aspects and details of the invention are evident
from the dependent claims, the description and the drawings.
The claims are intended to be understood as a first non-
limiting approach of defining the invention in general terms.

The invention according to a preferred aspect
provides an ink jet recording method and apparatus which
conducts a low pressure transfer and has a high peeling
property. Another aspect of this invention is to prevent
variations in conditions under which a f£ilm is formed on a
transfer medium from reducing the quality of a recording image
formed on a recording medium.

According to one aspect of the invention, an ink jet
recording method for preventing the repellant phenomenon is
provided in which an ink image writing step is conducted by
selectively ejecting ink drops from a recording head, and
comprises:

a. a first scanning step in which ink dot strings

REPLACEMENT SHEET
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is nmoved in the subscanning direction by a distance corresponding
to 3 pixels to sequentially formink dot strings, and the transfer drum1l
makes 8 turns so that a desired ink image is forned in the printing area
50. Wth respect to the ink dgt strings 01 to 08, the ink dot

strings are arranged in the order of therr formation tine and are shown

together with a nozzle nunber in parentheses by which the respective ink
dot string is formed, as follows: 01(H3), 04(H3), 07(H3), 02(H2), 05(H2),

08(12)., 1. BMSER  h RERHECR] LA, SEE DS adfEnn
the nozzles Hl-andtHer An B8 fleh¥t a subscanning direction;

b. a second scanning step in which the recording
head is moved in the subscanning direction and ink drops are
impacted to positions which are not adjacent to an ink dot
string which is lastly formed on a transfer medium in the
immediately preceding scanning step; and

c. a step in which the second scanning step is
repeated until a desired ink image is written.

The ink jet recording apparatus according to this
aspect of the invention is one in which an ink image is formed
in an image recording step on a surface of a transfer medium,
and the ink image is transferred to a recording medium in a
transfer step to obtain the ink image, and which comprises:

a recording head having a pluralify of ink ejecting
nozzles which are arranged in a 1line at predetermined
intervals;

a transfer medium which is opposed to the recording
head and separated therefrom by the gap and rotatably
supported, and on which an ink image is formed by the above-
described ink jet recording method;

moving means for moving the recording head by a
predetermined distance in a subscanning direction for every
turn of the transfer medium; and

transfer means for transferring the ink image from




scanni ng, do

not eject ink and are inhibited fromejecting ink wuntil the

nozzl es are noved into the printing area 50. The rel ationship
bét ween the nozzle pitch P and the noving distance Z will be descri bed.
If Z/P is not an irreducible fraction, when the recording head 2 is
repeatedly noved several tinmes in the stscanning direction, the

posi tions of

the nozzles begin to coincide with those which were

previ ously scanned resulting in the formation of ink dot strings being

conducted tw

set to be a cﬁﬁ% at thsg%ésglrrg? um & 'the’ rectrding ediun

ositio on the .transfer druml1. Wen P is

According to the above method and apparatus, in the
first scanning step, ink drops which are successively ejected
from the recording heéd are impacted onto the transfer medium
as ink dot strings in the main scanning direction and
discontinuous in at least the subscanning direction. In the
subsequent second scanning step, ink dot strings are impacted
at positions which are not adjacent to the ink dot string
which is the lastly formed one among the discontinuous ink dot
strings impacted in the first scanning step. This produces
results in which after the ink dot strings impacted in the
first scanning step are sufficiently dried so that ink dots
are fixed to respective predetermined positions, the ink dot
strings of the second scanning step are impacted. Even when
the impact of ink of the second scanning step is subsequently
conducted, therefore, the repellent phenomenon does not occur.

According to a further aspect of the iﬁvention, an
ink jet recording apparatus is provided with an image writing
means for forming an ink image on a surface of a transfer
medium, and transfer means for transferring the ink image to
a recording medium, and is characterized in that the apparatus
further comprises:

dot counting means for counting the number of
printing dots of image data stored in an image memory; and

sequence changing means for changing a sequence in which a
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23 corresponding to 8 pixels and Zis set to be a distance equal to that
corresponding to 2 pixels, for exanple, the above- mentioned coincidence
IS realized at a fifth turn of the transfer drum1l. In order to ensure the

recording head 2 will always scan positions which are not coincident with
those previously scanned, P and Z nust e set so that Z/Pis an
I rreduci bl e fraction. In order to formink dot strings at

positions which

writing is conducted on the transfer medium in accordance with
the number of printing dots which is counted by the dot
counting means.

According to another embodiment of the invention,
the above ink jet recording apparatus is further characterized
in that the sequence changing means changes the sequence in
such a manner that dot strings which are adjacent to each
other on the transfer medium are not continuously printed.

According to still another embodiment of the
invention, the above ink jet recording apparatus is still
further characterized in that, in a color image writing step
using a plurality of recording heads, a dot in which two or
more colors are to be mixed is not subjected to a plurality
of printing steps in the same turn of a transfer medium.

According to the above described proceeding
configurations, the sequence of conducting a writing on the
transfer medium is changed in accordance with the number
medium is changed in accordance with the number of dots
indicated by the printing data. Therefore, a block which has
a large number of dots which requires a prolonged film
formation time is subjected to an earlier writing step, and
a block which as a small number of dots which requires a short
film formation time is subjected to a later writings step,
whereby the conditions of forming a f£ilm in each block in the

transfer step can be made uniform. Since dot strings which
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are not adjacent to ink dot strings that are fornmed in the imrediately
precedi ng scanning step, the relationship of 2 < Z < P - 2 nust be '
satisfied. In other words, when Z =1 or Z =P - 1, ink dot strings are
sequentially witten so as to be continuous in the subscanning direction.
This causes ink dot strings to be forne&’adjacent to ink drops inpacted in
the immediately preceding scanning step before the ink drops are
sufficiently dried, resulting in occurrence of the repellent phenonenon.

R e e R T

Next the pOSiééﬁ!Eﬁﬁoﬁ£f§r@%ﬁﬁgbygacgoiéh@tpkﬁﬁt§ﬂgestep, dot strings of
each block are prevented from contacting each other before the
film formation, so that ink coagulation does not occur. Since
the same dot is not subjected to printing steps of plural
recording heads during one turn of the transfer medium, the
dot overlap is conducted after the film formation and
therefore the enlargement of the dot diameter due to the
increase in the amount of ink present is prevented from
occurring.

According to the invention, consequently, it is
possible to configure an ink jet recording apparatus which
can conduct recording with a high printing quality.

Fig. 1 is a diagram illustrating deterioration of
an ink image due to the repellent phenomenon on a transfer
medium.

Fig. 2 is a perspective view of an ink jet printer
which is a first embodiment of the invention.

Fig. 3 is a block diagram of a control system for
controlling the operation of the ink image writing step in
the first embodiment of the invention.

Fig. 4 is a diagram illustrating a method of
conducting a scanning of recording head which is used in the
first embodiment of the invention.

Fig. 5 is a diagram showing an ink jet recording
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of the printing area 50 wll be described. In order that ink dots are
witten by conducting the scanning of the recording head 2 wth a fixed
pitch in one direction without |eaving space between themin an edge
region of the printing area 50 indicatefoby 0l to 08, at least Z - 1
nozzl e(s) must be 24 di sposed out si de
the region which is located in the upstream side of the subscanning
direction and outside the printing

method in a second embodiment of the invention.

Fig. 6 is a diagram showing an ink jet recording
method in a third embodiment of the invention.

Fig. 7 is a perspective view of a transfer type ink
jet printer which is a fourth embodiment of the invention.

Fig. 8 is a perspective view of a transfer type ink
jet printer which is a fifth embodiment of the invention.

Fig. 9 is a diagram showing an ink jet recording
method in the fifth embodiment of the invention.

Fig. 10 is diagram showing the relationship between
the rotation of a transfer drum and the moving distance of a
recording head in the fifth embodiment of the invention.

Fig. 11 is a perspective view of an ink jet
recording apparatus of a sixth embodiment of the invention.

Fig. 12 is a perspective view showing the operation
of moving a recording head of the ink jet recording apparatus
of the sixth embodiment of the invention.

Fig. 13 is a diagram showing a method of dividing
the recording area of the ink jet recording apparatus of the
sixth embodiment of the invention.

Fig. 14 is a block diagram of the main portion of
the ink jet recording apparatus of the sixth embodiment of the
invention.

Fig. 15 is a side view of an ink jet recording

apparatus of a seventh embodiment of the invention.
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area. Since the recording head 2 is noved with a pitch of Z pixels, this
results in regions which are continuous and constitute a part of the
pfinting area 50 being formed by neans of at |east Z nozzles. |In other
wor ds, the subscanning of the recording,  head nust be commenced when at

| east the Zth nozzle counted fromthe ub%trean1side of the subscanning
direction is nmade coincident with an edge of the printing area.

In sumary, when Z and P are set so that Z/Pis an irreducible fraction

o0 Khe rel At oD - A faie riSes AAGHIR Lor Pl B4 Botliehe o
coi nci dent V“éﬂgéyhfﬂ¥§% recording apparatus of the seventh embodiment of
the invention.

Hereinafter, the invention will be described in
detail by illustrating embodiment.

Fig. 2 is a perspective view of an ink jet printer
which is a first embodiment of the invention. An ink jet
recording head 2 and a pressure roller 3 which functions as
the transfer means are sequentially arranged around a transfer
drum 1 which functions as the transfer medium. The printer
further comprises a sheet supply device 6 for transporting a
recording sheet 5 which functions as the recording medium to
a portion where the pressure roller 3 is pressingly contacted
with the transfer drum 1, a sheet discharging device 7 for
discharging a recording sheet onto which an ink image has been
transferred, and a sheet discharge tray 8 for holding a
discharged recording sheet 5. The rotation or moving
directions of the members are indicated by arrows A, B, C, D
and E, respectively.

The recording head 2 preferably is an ink jet
recording head of the type which uses piezoelectric elements,
and has a plurality of nozzles which are arranged at equal
intervals in the axial direction of the transfer drum 1. In
the embodiment, the recording head 2 has 512 nozzles arranged

at 0.677 mm (16/600-inch) pitches. The recording head 2 is
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of the printing area, the novenent of the recording head in one direction
with a fixed pitch allows ink drops to be inpacted to positions which are
not adjacent to ink dot strings of the imediately precedi ng scanning
step. Therefore, the repellent phenonenon can be prevented from occurring
so that an image of a higher quality is $érmed on the transfer medi um
According to the enbodinent, the recording head can be noved in one
direction with a fixed pitch, and therefore factors such as a back | ash

whi ch may cause tht_g DVJ means to fl uctiuate can be-%l ' réi n%t eqisé% twq(il:th
the moverent GRTMIASR (M HHhAher o ARARISELY 7 5, Fod FonGurP
ink as required. The recording head 2 is moved by moving
means 20 in the direction of the arrow D, by a predetermined
distance for every turn of the transfer drum 1.

The moving means 20 is composed of a lever 22 which
is swingably attached so that a lever shaft 23 functions as
a fulcrum, and a motor 21. One end of the lever 22 is
contacted with the shaft 2l1la of the motor 21, and the other
end with an end of a recording head fixing member 25. The
shaft 21a of the motor 21 is threaded so as to be moved in the
axial direction by the rotation of the motor 21. In the
embodiment, the shaft 2la is moved by 0.5 mm for every turn
of the motor 21 so that the recording head 2 is moved by 42.3
pum (1/600 inches) in the direction of the arrow D against the
force exerted by a spring 24 which is attached to the other
end of the fixing member 25.

The transfer drum 1 is structured by laminating an
elastic layer 12 made of silicone rubber on the periphery of
a metal pipe 11. Preferably, the material of the elastic
layer 12 is a rubber material from which an ink image is
easily peeled, and includes fluorosilicone rubber, etc., in
addition to silicone rubber. The transfer drum 1 is driven
by a drum driving motor 13. The rotating speed of the
transfer drum 1 is controlled by a signal from a rotary

encoder 9 attached to the transfer drum 1. The signal from
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25 a higher image quality. Since regions which are continuous and
constitute a part of the printing area are alternately forned by neans of
at least Z nozzles, the further effect of |owering deterioration of inmage
quality due to variations between nozzles, such as those in weight and
speed of ink drops, is attained. The t +Ansf er step is conducted in the
same manner as that of the first enbodinent, and therefore its

the rotary encoder 9 is used also as the references of the
printing timing of the recording head and the rotation timing
of the transfer drum.

The pressure roller 3 is a roller made of a metal
such as aluminum, and can be pressed against or released from
the transfer drum 1 by a pressure applying device 10 through
a pressure lever 28 which swings about a supporting shaft 27.
When the pressure roller 3 is pressed against the transfer
drum 1, the roller rotates at the same speed as the peripheral
speed of the transfer drum 1 in the direction of the arrow B
in the figure while the recording sheet 5 is interposed
between the roller and the drum. In the embodiment, the
transfer pressure is set to be about 10 kgw.

The ink preferably contains at least water, a water
soluble organic solvent, a pigment, and a colloidal dispersion
resin. Specifically, a sample of the ink contains 3 wt% of
carbon black as a pigment, 30 wt% of WATERSOL CD-540
(containing 40% of a resin solid component and 13% of
isopropylene glycol) as a colloidal dispersion resin which is
produced by DAINIPPON INK KAGAKU KOGYO and a colloidal
dispersion of the modified epoxidized ester type, 5 wt% of
triethanolamine as a water soluble organic solvent, and 5 wt%
of polyethylene glycol as a humectant. The ink is prepared

by adding purified water to these components.

Next, operation of this embodiment will be
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description is omtted. Next, as a fourth enbodi ment, Fig. 7
shows a transfer type ink jet printer which can forman ink imge while
nore effectively preventing the repellent phenonmenon from occurring. The
enbodi nent is different fromthe above- géscribed enbodi nents in that
heating means 4 incorporating a heater } np is disposed in the periphery
of the transfer drum 1l so that the drying of an ink image forned on the
transfer drum1l1l is accelerated. In advance of the ink image witing step,
the surface of the . transfer drum 1l is controlled by the heating neans 4

and t enper at Hed i RS (S FhdiHy 9% W BT a

tenperature range In\MEﬁ*EEOﬂEk image writing step, the pressure roller

3 is controlled so as to be separated from the surface of the
transfer drum 1. The rotation direction (the direction of the
arrow A in the figure) of the transfer drum 1 is defined as
the main scanning direction, and the moving direction of the
recording head 2 is defined as the subscanning direction.
When the transfer drum 1 makes one turn in the direction of
the arrow A, ink dot strings are formed in a line at positions
respectively corresponding to the nozzles of the recording
head 2. Fig. 3 is a block diagram of a portion for
controlling the operation of the ink image writing step in the
embodiment. In accordance with the rotation of the transfer
drum 1, the encoder 9 generates the signal 9S at predetermined
intervals. A CPU 30 receives the signal 9S and generates a
timing signal 30S by which the recording head 2 is caused to
eject ink drops. A driver 31 drives the recording head 2 in
accordance with the timing signal 30S and a printing signal
328 from a signal processing circuit 32. In parallel with
this, the CPU 30 causes the drum driving motor 13 for the
transfer drum 1 to rotate, and simultaneously sends a signal
to the moving means 20 for the recording head so that the
recording head 2 is moved by a predetermined distance.
Printing data 34 transmitted from an external device are

temporarily stored in a buffer memory 33, and sorted in
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content of water contained in an ink inmage can be evaporated and the ink
I mage can be maintained in an appropriately dry state. In the enbodi nent,

the surface is controlled so as to be 55 + 5[err]C In the ink
image witing step, as illustrated in tq% first and second enbodi nments,
ink dot strings are forned in 26 the

mai n scanni ng direction w thout adjoining each other at

accordance with the moving distance of the recording head 2
in the subscanning direction. Then the printing data 34 are
transmitted to the driver 31 as the printing signal 328
through the signal processing circuit 32. These operations
are repeated so that ink dot strings are formed on the
transfer drum 1 as shown in Fig. 4.

Fig. 4 1is a diagram illustrating a method of
scanning the recording head which is used in the embodiment.
For convenience of illustration, a nozzle 40 will be described
representatively in a case where ink dots are impacted in the
whole of the printing area. First, the recording head 2 is
located at the initial position indicated by S1 in the figure,
and the transfer drum 1 is rotated in the direction of the
arrow A. As the first scanning step, ink dot strings L1, L3,
L5 ... L15 are formed on the transfer drum 1 in the
subscanning direction at intervals of one ink dot string by
ink drops which are selectively ejected from the nozzles 40.
The recording head 2 is moved by the moving means 20 by q (in
the embodiment, g = 84.7 um (2/600 inches)) in the subscanning
direction for every turn of the transfer drum 1. 1In the first
scanning step, the transfer drum 1 makes 8 turns so that the
recording head 2 is moved to the position S2. Although the
recording head 2 is moved only in the subscanning direction,
for convenience sake, positions of the recording head 2

indicated by S1 to S4 are shown being shifted in the main
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| east in the subscanning direction. Under this condition, the surface of
the transfer drum1 is already heated. Therefore, the drying of inpacted
ink drops is accelerated as the transfer drum1 rotates so that ink dots
are easily fixed to predeterm ned positigns. Even when a continuous ink
image is formed by inpacting ink drops t he subsequent second scanning
step, consequently, the repellent phenonenon is prevented from occurring
so that an ink inage of a high quality is easily fornmed. Accordingly, the
acceleration of _the drying of ink drops enhances the recordi ng speed,

wher eby ani%ﬁFHQﬁﬁﬁaé#%%i %%ﬂrquality can be forned rapidly gn g

transfer mediumw thoutr,Causidg LOEsLERENL eNEeRORAOTERQANIAGe step, the

recording head 2 is moved to the position S3, and an ink dot
string L2 is formed between ink dot strings L1 and L3 which
are written in the first scanning step. Similarly, ink dot
strings 14, L6 ... L1l6 are formed between ink dot strings
which are written in the first scanning step. The ink dot
string L16 which is the endmost one of the ink dot strings
formed by the nozzle 40 is written soc as to be adjacent to an
ink dot string M1l which is formed in the first scanning step
by the adjacent nozzle 41, resulting in an ink image
continuous in the subscanning direction being formed on the
transfer drum 1.

In the embodiment,.as the second scanning step, ink
dot strings are sequentially impacted to positions starting
from those (the position of L2 for the nozzle 40) which are
not adjacent to the ink dot strings (L15 for the nozzle 40)
formed in the immediately preceding first scanning step. In
other words, there is a sufficiently large time lag between
the formation of ink dot strings in the first scanning step
and the impact of ink drops between the ink dot strings in the
second scanning step. This time lag is equal to the period
from the start of the first scanning step to that of the
second scanning step, and therefore sufficient for ink dot

strings formed in the first scanning step to be dried.




transfer step is conducted in the same manner as that of the first

embodi ment, and therefore its description is onmtted. Next, a
fifth enbodi ment of the invention will be described with reference to
Figs. 8 to 10. The enbodinent is configured so that a recording area is
scanned plural tinmes by a recording heag7shorter than the recordi ng area
while ink drops are inpacted to positions which are not adjacent to ink
dot strings of the innediately precedi ng scanning step, thereby formng a

dot. ngs ¢ _ .
T ustrates (e i aBERCRRRAcYea i BHeOEsPAr dphilng Rl el
i ntegrated widdpadhedeact e el @taéetaokh{ﬁédggc&ﬁa rd A S de f) so The

to have a high viscosity. Even when ink drops are impacted

in the second scanning step to form a continuous ink image,
therefore, the ink dots are fixed to respective predetermined
positions and do not move. This prevents the repellent
phenomenon from occurring and allows an ink image of a high
quality to be formed on the transfer drum.

Next, the transfer step will be described. In the
transfer step, the pressure applying device 10 is driven
according to a predetermined timing so that the pressure
roller 3 is controlled to be pressed against the transfer drum
1 by the pressure lever 28 which uses the supporting shaft 27
as a swing shaft. The ink image carried on the transfer drum
1 is moved as the drum is rotated and reaches the portion
where the pressure roller 3 is pressed against the transfer
drum 1. At this time, the recording sheet 5 is transported
by the sheet supply device 6 so as to contact the transfer
drum 1, and a pressure is applied by pressure roller 3 so that
the ink image on the transfer drum 1 is transferred to the
recording sheet 5. Since the elastic layer 12 of the transfer
drum 1 has properties which allow an ink image to be easily
peeled off, the ink image on the transfer drum 1 is
transferred to the recording sheet 5 in a substantially

perfect manner. The recording sheet 5 to which the ink image
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27 carriage shaft 81 is rotated by a notor 82 which functions as the
novi ng neans, so as to nove the recording head 80 by a predeterm ned

di stance in the subscanning direction indicated by an arrow D. The ot her
conponents of the enbodinent are configured in the sane manner as those of
the first enbodiment, and therefore theitP description is omtted.

has been transferred is discharged by the sheet discharging
device 7 to the sheet discharge tray 8 to be held thereon.

Next, an ink jet recording method of a second
embodiment of the invention will be described with reference
to Fig. 5. This embodiment is different from the first
embodiment in that a recording head is moved in one
subscanning direction to form an ink image. The ink is
preferably obtained by dispersing a pigment and additives such
as an emulsion and a surfactant into purified water which
functions as an ink solvent. Specifically, the ink contains
1.5 wt% of carbon black as a pigment, 15 wt% of a styrene-
acrylic copolymer emulsion as an emulsion, 6 wt% of diethylene
glycol as a humectant, 10 to 20 wt% of sugar, 3 wt% of a
surfactant, and several wt% of appropriate additives such as
a preservative.

An apparatus for executing the recording method has
the same configuration as that of the first embodiment, and
therefore only the ink image writing step will be described.
The recording head 2 has 513 nozzles 70, 71, 72, ... which are
arranged at e.g. 0.677 mm (8/300-inch) pitches in the
subscanning direction indicated by the arrow D in the figure
and over the full range of a printing area 60 in the
subscanning direction. At least one nozzle 70 is disposed in
a region outside the printing area 60. At the initial

position of the recording head 2 indicated by S1, the nozzle
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The ink image witing step will be described. The recording head 80 has N
nozzl es which are arranged in the subscanning direction at a pitch that is
equal to a distance corresponding to P pixels. In the enbodinment, five
nozzles 91 to 95 are arranged in the sq§§canning direction with one pixel
set to be e.g. 84.7 pm (1/300 inches) and at a pitch that is equal to a

di stance corresponding to 8 pixels. The noving distance Z of the recording
head 80 in the subscanning direction is set to be a distance correspondi ng
to 3 pixels er .one turn, of the transfer drum1

Dur,i h i od
which the trahsf&f PORTIIREDs 50 +3F nd Y 1S9 %8¢ h th ngs%’?e%%«r?l ?8513;}&}%9

head 80 IS'“%@%Lg{ﬁgngggalgbtg%h @%@téfghé%gr drum 1 is rotated in the

main scanning direction indicated by the arrow A, so that ink
dot strings E1, Fl, Gl ... are written at positions
respectively corresponding to the nozzles. The recording head
2 is moved in the subscanning direction D from the initial
position to a position indicated by S2, with a pitch which is
equal to a distance corresponding to two pixels (in the
embodiment, one pixel corresponds to one ink dot and pixels
are arranged in the unit of e.g. 84.7 um (1/300 inches)) for
one turn of the transfer drum 1, whereby an ink image can be
formed at intervals of one ink dot string. Next, the
recording head 2 is moved by a distance corresponding to 3
pixels in the subscanning direction, and ink dot strings are
then written between two ink dot strings which were formed by
the respective nozzles positioned at the downstream side in
the subscanning directisnu The position of the recording head
2 at this time is indicated by S3. When the nozzle 71 is
observed, the nozzle 71 forms an ink image in the sequence of
ink dot strings El1, E3, E5, and E7 at intervals of one ink dot
string, and is then moved by a distance corresponding to 3
pixels in the subscanning direction, to form an ink dot string
F2. Since the nozzle 70 is disposed outside the printing area
60 and in the upstream side of the subscanning direction, an

ink dot string E2 is written by the nozzle 70 having an

& et 2o !
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to a position indicated by S2 or by a distance corresponding e.g. to 3

pi xel s for every turn of the transfer drum1l. Wien the Zth nozzle (i.e.,

t he nozzle 93) of the recording head 80 counted fromthe upstream side of
t he subscanning direction is nmade coincident with an edge of a printing
area 90 of the transfer drum1l, the ink29mage witing step is commenced so
that an ink image is fornmed starting froman ink dot string

28

initial'position which is not within the printing area.

Thereafter, the recording head 2 is moved by a
distance corresponding to 2 pixels 1in the subscanning
direction, and forms ink dot strings between ink dot strings
which were previously formed, to write a continuous ink image
in the printing area 60. In the embodiment, the scanning in
one direction is realized by disposing at least one nozzle 70
outside the printing area 60, and changing halfway the pitch
of movement of the recording head 2 in the subscanning
direction. It is a matter of course that, according to this
method, an ink image can be formed while the repellent
phenomenon is prevented from occurring in the same manner as
the first embodiment. Furthermore, it is not necessary to
change the movement direction of the moving means, and
therefore the recording head can be moved in the subscanning
direction with an accuracy higher than that of the first
embodiment so that an image of a higher quality is formed on
the transfer medium.

A third embodiment of the invention will be
described with reference to Fig. 6. Fig. 6 is a diagram
illustrating the step of writing an ink image in the third
embodiment of the invention. In the embodiment, a recording
head is moved in one subscanning direction with a fixed pitch
and ink drops are impacted to positions which are not adjacent
to an ink dot string which has been formed in the immediately
REPL«CEMEN%Z%%@

19 SEP 1%




Rlerr] and at a pitch corresponding to 2 ink dot strings. Then the
recording head 80 is noved to a position indicated by S3, or, when the
n6zzle 91 is observed, the nozzle 91 is noved to a position of an ink dot
string R25. When the noving distance fromS2 is represented by LL, the
position indicated by S3 can be expresgad by the follow ng expression in
ternms of the nozzle nunber N of the recording head, the nozzle pitch P,
and the noving distance Z by which the recording head is noved per one
turn of the transfgr drumin, the subscanni

- Z) x P + zPbreceding SGHRHS FHRY rlg, reCtlon dell%?dMﬁma 3
LL i's equal tg 19 (LL SrdPmedillik. VAHE &%Ifl%qﬁ:a{[ﬂ%rfr%\f We apparatus is

the same as that of the first embodiment, and therefore the
description is concentrated on the ink image writing step.

The recording head 2 is structured so that one pixel
is set to be e.g. 84.7 um (1/300 inches), and has 514 nozzles
H1l, H2, H3 ... H514 arranged at a pitch of P pixels. When the
transfer drum 1 makes one turn in the direction of the arrow
A, ink dot strings are formed on the transfer drum 1 in a line
at positions respectively corresponding to the nozzles of the
recording head 2. The moving means 20 is controlled so that,
for every turn of the transfer drum 1, the recérding head 2
is moved in the subscanning direction by a distance equal to
that corresponding to Z pixels. 1In the embodiment, P is set
to be a distance equal to that corresponding to 8 pixels and
Z is set to be a distance equal to that corresponding to 3
pixels.

At the initial position of the recording head 2
indicated by S1, the nozzle H3 is positioned so as to coincide

with the printing start position which is the left edge of the

printing area 50 of the transfer drum 1. Under this
condition, ink is ejected from the nozzles H3, H4, H5 ... to
form ink dot strings 01, P1, Q1 ... on the transfer drum 1.

Then the recording head 2 is moved by a distance corresponding

to Z pixels and ink drops are ejected. This position is




di stance of the recording head 80 which allows the nozzle 91 to be nuade
coincident at the 9th turn of the transfer drum1l wth a position in a gap
formed by scannings of the 1st to 8th turns of the transfer drum1, and
allows a continuous ink image to be foraed in the.printing area 90 w t hout
producing a double witing or a region where the witing is not

conduct ed. Fig. 10 shows the relationship between the rotation of the
transfer drum 1l and the noving distance of the recording head 80 in the

SUDSCANI N0 O ASFLLOD gy Be Moy ROR IR B, BBk ok B R ] T

distance is Z,inyJst t0,PLNeLURDS. ohlehl BriBsted) BRuhULT 24 RrbE )P
for every turn of the transfer drum 1, the recording head 2
is moved in the subscanning direction by a distance
corresponding to 3 pixels to sequentially form ink dot
strings, and the transfer drum 1 makes 8 turns so that a
desired ink image is formed in the printing area 50.

With respect to the ink dot strings Ol to 08, the
ink dot strings are arranged in the order of their formation
time and are shown together with a nozzle number in
parentheses by which the respective ink dot string is formed,
as follows: 01 (H3), 04 (H3), O7{(H3), O2(H2), O5(H2), O8(H2),
03(H1), and O6(H1l). A nozzle(s) which is caused by the
scanning of the recording head 2 to fall outside the printing
area 50, for example, the nozzles H1 and H2 in the first
scanning, do not eject ink and are inhibited from ejecting ink
until the nozzles are moved into the printing area 50.

The relationship between the nozzle pitch P and the
moving distance Z will be described. If 2Z/P is not an
irreducible fraction, when the recording head 2 is repeatedly
moved several times in the subscanning direction, the
positions of the nozzles ‘begin to coincide with tﬁose which
were previously scanned resulting in the formation of ink dot
strings being coﬁducted twice at the same positions on the

transfer drum 1. When P is set to be a distance equal to that
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to (2 x P)th turns, LLin a {(2 x P) + 1)th turn,

29 During the 1st to Pth turns of the transfer drum1l1, the
scanning is conducted with a fixed pitch in one subscanning direction. In
order that ink drops are inpacted to positions which are not adjacent to
ink dot strings formed in the immediately,preceding scanning step, as
described in

corresponding to 8 pixels and Z is-set to be a diétance equal
to that corresponding to 2 pixels, for example, the above-
mentioned coincidence is realized at a fifth turn of the
transfer drum 1. In order to ensure the recording head 2 will
always scan.positions which are not coincident with those
previously scanned, P and Z must be set so that Z/P is an
irreducible fraction.

In order to form ink dot strings at positions which
are not adjacent to ink dot strings that are formed in the
immediately preceding scanning step, the relationship of 2 <
Z < P - 2 must be satisfied. In other words, when Z = 1 or
Z =P - 1, ink dot strings are sequentially written so as to
be continuocus in the subscanning direction. This causes ink
dot strings to be formed adjacent to ink drops impacted in the
immediately preceding scanning step before the ink drops are
sufficiently dried, resulting in occurrence of the repellent
phenomenon. In order to prevent this phenomenon from
occurring, Z and P are required to be set so as to satisfy the
relationship of 2 = 2 = P - 2.

Next the position of the nozzle which is at the edge
of the printing area 50 will be described. 1In order that ink
dots are written by conducting the scanning of the recording
head 2 with a fixed pitch in one direction without leaving
space between them in an edge region of the printing area 50

indicated by 01 to 08, at least Z - 1 nozzle(s) must be
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conjunction with the third enbodinment, Z and P nust be set so that Z/Pis
an irreducible fraction and the relationship of 2 < Z<P- 2is
satisfied. However, this relationship is applied to the case of Z/P < 1.
Generally, Z and P can be set so that Z/Pis an irreducible fraction and a
relationship of Px (M- 1) +2 <Z<P2# (M- 1) + P- 2 is satisfied
when a mninum natural nunber Msatisfying (Z/P) < Mis defined.

In the case where Nis equal to Z (N = 2), LL becones equal to Z (LL = 2),

and all the npving distances of the recording head in the subscannin
direction fordkfReSe] PRESHIE tHhe (reqqn WhitGhn i qgﬁﬁﬁdt%?<£%ﬂ1qﬁﬁﬁﬁéam

Therefore, the, _rotation of .the } \ . '
side og t%e subscaﬂg¥ﬂg f%éérhéﬁaéﬁﬁséﬁgélag % %tﬁ%f%‘¥HB”9

area. Since the recording head 2 is moved with a pitch of Z
pixels, this results in regions which are continuous and
constitute a part of the printing area 50 being formed by
means of at least Z nozzles. In other words, the subscanning
of the recording head must be commenced when at least the Zth
nozzle counted from the upstream side of the subscanning
direction is made coincident with an edge of the printing
area.

In summary, when Z and P are set so that Z/P is an
irreducible fraction and the relationship of 2 < Z s P - 2 is
satisfied, and the Zth nozzle counted from the upstream side
of the subscanning direction is made coincident with an edge
of the printing area, the movement of the recording head in
one direction with a fixed pitch allows ink drops to be
impacted to positions which are not adjacent to ink dot
strings of the immediately preceding scanning step.
Therefore, the repellent phenomenon can be prevented from
occurring so that an image of a higher quality is formed on
the' transfer medium. According to the embodiment, the
recording head can be moved in one direction with a fixed
pitch, and therefore factors such as a back lash which may
cause the moving means to fluctuate can be eliminated so that

the movement accuracy is further enhanced, thereby realizing
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of high accuracy is realized, thereby enabling an ink image free fromthe
repel |l ent phenonenon and high in quality to be forned on the transfer

medi um The transfer step is conducted in the same manner as that of the
first enbodinment, and therefore its description is omtted.

According to the enbodiment, an ink inmagé which is free fromthe repellent
phenonmenon can be formed by using a recording head shorter than the
recordi ng area of the transfer

a higher image quality. Since regions which are continuocus
and constitute a part of the printing area are alternately
formed by means of at least Z nozzles, the further effect of
lowering deterioration of image quality due to wvariations
between nozzles, such as those in weight and speed of ink
drops, is attained. The transfer step is conducted in the
same manner as that of the first embodiment, and therefore its
description is omitted.

Next, as a fourth embodiment, Fig. 7 shows a
transfer type ink jet printer which can form an ink image
while more effectively preventing the repellent phenomenon
from occurring. The embodiment is different from the above-
described embodiments in that heating means 4 incorporating
a heater lamp is disposed in the periphery of the transfer
drum 1 so that the drying of an ink image formed on the
transfer drum 1 is accelerated. 1In advance of the ink image
writing step, the surface of the transfer drum 1 is controlled
by the heating means 4 and temperature detecting means (not
shown) so as to be within a temperature range in which some
content of water contained in an ink image can be evaporated
and the ink image can be maintained in an appropriately dry
state. In the embodiment, the surface is controlled so as to
be 55 + 5°C.

In the ink image writing step, as illustrated in the

first and second embodiments, ink dot strings are formed in
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30 medi umin the subscanning direction. According to the above
enbodi nents, ink drops are inpacted onto a transfer nedi um which can
conduct a low pressure transfer and has a high peeling property, in a

di sconti nuous nmanner at least in the subscanning direction and as ink dot
strings in the main scanning direction, and thereafter ink drops are

| npacted to positions which are not adj%ﬁent to ink dot strings forned

i mmedi ately before the current scanning step. Therefore, the invention can
attain an effect that the re l en

unacceptablyﬁﬁﬁwmﬁﬂ%g%é%aﬁﬁ? Sél¥%é% %@2§?§§8ﬁ$g%?ig%ﬁiﬁgﬁéggﬂc%t%@r at
least in the subscanning direction. Under this condition, the
surface of the transfer drum 1 is already heated. Therefore,
the drying of impacted ink drops is accelerated as the
transfer drum 1 rotates so that ink dots are easily fixed to
predetermined positions. Even when a continuous ink image is
formed by impacting ink drops in the subsequent second
scanning step, consequently, the repellent phenomenon is
prevented from occurring so that an ink image of a high
quality is easily formed. Accordingly, the acceleration of
the drying of ink drops enhances the recording speed, whereby
an ink image of a high quality can be formed rapidly on a
transfer medium without causing the repellent phenomenon. The
transfer step is conducted in the same manner as that of the
first embodiment, and therefore its description is omitted.
Next, a fifth embodiment of the invention will be
described with reference to Figs. 8 to 10. The embodiment
is configured so that a recording area is scanned plural times
by a recording head shorter than the recording area while ink
drops are impacted to positions which are not adjacent to ink
dot strings of the immediately preceding scanning step,
thereby forming a desired ink image. Fig. 8 is a perspective
view of an ink jet printer and illustrates the embodiment.
A recording head 80 and an ink tank which is integrated with

the head are held by a threaded carriage shaft 81. The
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so that an inmage of a high quality can be obtained on the transfer nedium
and therefore an image of a high quality can be obtained on the recording
medi um Fig. 11 is a perspective view of an ink jet printer
which is a sixth enbodi nent of the invention. An ink jet recording head 2,
and a pressure roller 3 which functions2as the transfer neans are
sequentially arranged around a transfer drum 1l which functions as the

Lransfer medi um The recording head 2 is an ink jet recording
ead of the t . Whi C es,-pi.ez L £, SRE0LS J SHB?IZ it h
ink from an icn%lpxrelé%%ér vsrcha;&l%l tl%r %ﬁgﬁ%ﬁ ?Xkésuppc%zgs/ Spéjlgg' lc%ﬁ . eéL%q’s 4

recording heaq, fi3¢iAg Phihab! t ¥o0hsN e iR recording head 80 by a

predetermined distance in the subscanning direction indicated
by an arrow D. The other components of the embodiment are
configured in the same manner as those of the first
embodiment, and therefore their description is omitted.

The ink image writing step will be described. The
recording head 80 has N nozzles which are arranged in the
subscanning direction at a pitch that is equal to a distance
corresponding to P pixels. In the embodiment, five nozzles
91 to 95 are arranged in the subscanning direction with one
pixel set to be e.g. 84.7 pum (1/300 inches) and at a pitch
that is equal to a distance corresponding to 8 pixels. The
moving distance Z of the recording head 80 in the subscanning
direction is set to be a distance corresponding to 3 pixels
per one turn of the transfer drum 1. During the period in
which the transfer drum 1 makes P turns (1st to 8th turns),
the recording head 80 is moved from the initial position S1
to a position indicated by S2 or by a distance corresponding
e.g. to 3 pixels for every turn of the transfer drum 1. When
the Zth nozzle {i.e., the nozzle 93) of the recording head 80
counted from the upstream side of the subscanning direction
is made coincident with an edge of a printing area 90 of the
transfer drum 1, the ink image writing step is commenced so

that an ink image is formed starting from an ink dot string

REPLACEMENT SHEET
19 SEP 1996




are arranged at equal intervals in the axial direction of the transfer

drum 1.

In the enbodi nent, the recording head 2 has

31 512 nozzl es arranged at 0.677 mm (16/600-inch) pitches.

head noving device 120 conprises a driving notor 121, a recording head
hol di ng menber 125, and a novenent gui de 2gl27. The recording head 2 fixed
onto the recording head

Rl and at a pitch corresponding to 2 ink dot strings. Then
the recording head 80 is moved to a position indicated by S3,
or, when the nozzle 91 is observed, the nozzle 91 is moved to
a position of an ink dot string R25. When the moving distance
from S2 is represented by LL, the position indicated by 83 can
be expressed by the following expression in terms of the
nozzle number N of the recording head, the nozzle pitch P, and
the moving distance Z by which the recording head is moved per
one turn of the transfer drum in the subscanning direction.

LL = (n - 2) xP + Z

In the embodiment, since N =5, Z = 3, and P = 8,
LL is equal to 19 (LL = 19). This value defines the moving
distance of the recording head 80 which allows the nozzle 91
to be made coincident at the 9th turn of the transfer drum 1
with a position in a gap formed by scannings of the 1st to 8th
turns of the transfer drum 1, and allows a continuous ink
image to be formed in the printing area 90 without producing
a double writing or a region where the writing is not
conducted. Fig. 10 shows the relationship between the
rotation of the transfer drum 1 and the moving distance of the
recording head 80 in the subscanning direction. In the
embodiment, a desired ink image is formed in the printing area
90 by repeating movements in which the moving distance is Z
in 1st to Pth turns, LL in a (P + 1)th furn, Z in (P + 2)th

to (2 x P)th turns, LL in a {(2 x P) + 1}th turn, ... .

A



hol di ng menber 125 is noved by the driving notor 121 along the novenent
guide 127 in the axial direction of the transfer drum 1, by an arbitrary
distance which is in units of e.g. 42.3 pm (1/600 inches), with 0.635 nm
(15/600 inches) as the maxi num for each turn of the transfer drum 1.

The transfer drum1 is structured by | aginating an elastic |ayer made of
silicone rubber on the periphery of a netal pipe, and has a circunference
of e.g. 25.4 cm (10 inches). The transfer drum1l is rotated by a drum

Cranster drum 1 and outHUE% WAt FRIPER: FUERSr O e o o Stt dor
the transter éLL"nébann éénfiéxﬂlaﬁduéked with a fixed pitch in one
subscanning direction. In order that ink drops are impacted
to positions which are not adjacent to ink dot strings formed
in the immediately preceding scanning step, as described in
conjunction with the third embodiment, Z and P must be set so
that Z/P is an irreducible fraction and the relationship of
2 £ Z s P - 2 is satisfied. However, this relationship is
applied to the case of Z/P < 1. Generally, Z and P can be set
so that Z/P is an irreducible fraction and a relationship of
Px (M-1) + 2 =< 2s<sPx (M- 1) + P - 2 is satisfied when
a minimum natural number M satisfying (Z/P) < M is defined.
In the case where N is eqﬁal to Z (N = Z), LL
becomes equal to Z (LL = Z), and all the moving distances of
the recording head in the subscanning direction for every turn
of the transfer drum are equal to each other. Therefore, the
rotation of the motor 82 can be constant so that a scanning
of high accuracy is realized, thereby enabling an ink image
free from the repellent phenomenon and high in quality to be
formed on the transfer medium. The transfer step is conducted
in the same manner as that of the first embodiment, and
therefore its description is omitted.
According to the embodiment, an ink image which is
free from the repellent phenomenon can be formed by using a

recording head shorter than the recording area of the transfer




sensor 115 generates as the output signal in the given exanple, one pul se
per 42.3 pm (1/600 inches) or 6000 pul ses for every turn of the transfer
drum 1. Anong these pul ses, 4,864 pulses are used for determ ning the
printing timng of the recording head. The pressure roller 3 is
a roller made of a netal such as alum num and is pressed agai nst or

rel eased fromthe transfer drum1l by 2% ransfer pressure applying device
128. Wien the pressure roller 3 is pressed against the transfer

medium in the subscanning direction.

According to the above embodiments, ink drops are
impacted onto a transfer medium which can conduct a low
pressure transfer and has a high peeling property, in a
discontinuous manner at least in the subscanning direction
and as ink dot strings in the main scanning direction, and
thereafter ink drops are impacted to positions which are not
adjacent to ink dot strings formed immediately before the
current scanning step. Therefore, the invention can attain
an effect that the repellent phenomenon which may produce an
unacceptably poor image equality is prevented from occurring
so that an image of a high quality can be obtained on the
transfer medium and therefore an image of a high quality can
be obtained on the recording medium.

Fig. 11 is a perspective view of an ink jet printer
which is a sixth embodiment of the invention. An ink jet
recording head 2, and a pressure roller 3 which functions as
the transfer means are sequentially arranged around a transfer
drum 1 which functions as the transfer medium.

The recording head 2 is an ink jet recording head
of the type which uses piezoelectric elements, and is supplied
with ink from an ink reservoir 126 through an ink supply pipe
129. The recording head 2 has a plurality of nozzles which
are arranged at equal intervals in the axial direction of the

transfer drum 1. In the embodiment, the recording head 2 has

Tas)
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32 drum 1, the roller rotates at the sane speed as the peripheral speed
of the transfer drum1 in the direction of an arrow B in the figure while

a’'recording sheet 5 is interposed between the roller and the drum In
t he enbodi nent, the transfer pressure is set to be in the range of 10 to
50 kgw. Next, the operation w3l be described. The inage

formation step consists of two steps, an image witing step of forming an
ink image on the transfer drum 1, and a transfer step of transferring the

ki mage forgped o0 MG WA Ga LD, d-Fr Fnd SGY I 85! pitches.

A head moving device 120 comprises a driving motor
121, a recording head holding member 125, and a movement guide
127. The recording head 2 fixed onto the recording head
holding member 125 is moved by the driving motor 121 along the
movement guide 127 in the axial direction of the transfer drum
1, by an arbitrary distance which is in units of e.g. 42.3 um
(1/600 inches), with 0.635 mm (15/600 inches) as the maximum
for each turn of the transfer drum 1.

The transfer drum 1 is structured by laminating an
elastic layer made of silicone rubber on the periphery of a
metal pipe, and has a circumference of e.g. 25.4 cm (10
inches). The transfer drum 1 is rotated by a drum driving
motor 113. A sensor 115 detects a timing mark 114 attached
on the transfer drum 1 and outputs a signal indicative of the
rotating speed of the transfer drum 1. Specifically, the
sensor 115 generates as the output signal in the given
example, one pulse per 42.3 um (1/600 inches) or 6000 pulses
for every turn of the transfer drum 1. Among these pulses,
4,864 pulses are used for determining the printing timing of
the recording head.

The pressure roller 3 is a roller made of a metal
such as aluminum, and is pressed against or released from the
transfer drum 1 by a transfer pressure applying device 128.

When the pressure roller 3 is pressed against the transfer

REPLACEMENT SHEET
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The image witing step will be described with reference to Figs. 12 and
13. The recording area on the transfer drum1l is divided e.g. into 16
regions for each nozzle of the recording head 2. The recording head 2 is
positioned by the recording head noving device 120 so as to correspond to
a block which is to be firstly recorded. ¥hile the transfer drum1
conducts one turn in the direction of an arrow A the nozzles (in Fig. 12
two nozzles 200 and 201 are representatively illustrated) then eject ink

oL 0 W To el foF) B a7 A ngTHA! S0 R08 M0 DB ERERE

the tranSferé%égg:%ftéﬁéré¥éﬁégég Qﬁﬁg f iﬁ the direction of an arrow B
in the figure while a recording sheet 5 is interposed between
the roller and the drum. In the embodiment, the transfer
pressure is set to be in the range of 10 to 50 kgw.

Next, the operation will be described. The image
formation step consists of two steps, an image writing step
of forming an ink image on the transfer drum 1, and a transfer
step of transferring the ink image formed on the transfer drum
to a recording sheet.

The image writing step will be described with
reference to Figs. 12 and 13. The recording area on the
transfer drum 1 is divided e.g. into 16 regions for each
nozzle of the recording head 2. The recording head 2 is
positioned by the recording head moving device 120 so as to
correspond to a block which is to be firstly recorded. While
the transfer drum 1 conducts one turn in the direction of an
arrow A, the nozzles (in Fig. 12, two nozzles 200 and 201 are
representatively illustrated) then eject ink to form an ink
image. In Fig. 12, the ink image is shown by dot strings 202
and 203. After the writing step for one turn has been
conducted on the transfer drum 1, the recording head 2 is
moved to the next writing block in the direction of an arrow
D or E in the unit of e.g. 42.3 um {(1/600 inches). The

transfer drum 1 begins the second turn so that dot strings are

o T U ey aeaewatui,




noved to the next witing block in the direction of an arrow D or E in the
unit of e.g. 42.3 pm (1/600 inches). The transfer drum 1 begins the
sécond turn so that dot strings are 33
formed on the transfer drum1l in the sane manner as the first turn. Since
the nozzle pitch his in this exanple 03877 mm (16/600 inches), the
transfer drum 1l nmakes 16 turns in the

formed on the transfer drum 1 in the same manner as the first
turn. Since the nozzle pitch h is in this example 0.677 mm
(16/600 inches), the transfer drum 1 makes 16 turns in the
same manner to form an image of one page on the transfer drum
1. |

The method of deciding the sequence of the writing
blocks will be described with reference to Fig. 14. First,
printing instructions and printing data and transmitted from
a host computer 116. Then a controller 130 develops the
printing data in a memory 152, preferably a videc memory in
according with the printing instructions. The video memory
152 consists of 16 blocks in total. Each of the blocks has
a capacity of about 2.5 megabytes obtained by multiplying the
total nozzle number of 512 by 4,864 dots which can be printed
by one nozzle during one turn of the transfer drum 1. When
data of one page have been developed, a dot counter 153 counts
the number of printing dots of each of the writing blockks in
the video memory 152, and informs the controller 130 of the
counted values. The controller 130 decides the sequence of
printing the blocks in order of decreasing counted value, and
transfers information indicative of the sequence of the
printing blocks to a memory selector 154. In deciding the
sequence, however, restriction is set so that adjacent blocks
are not successively subjected to the printing step. The

memory selector 154 reads out printing data from the video
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same manner to form an i mage of one page on the transfer drum 1

The nethod of deciding the sequence of the witing blocks will be
déscribed with reference to Fig. 14. First, printing instructions and
printing data and transmitted from a host conputer 116. Then a

controller 130 develops the printing dgta in a memory 152, preferably a
video nenory in according with the printing instructions. The video menory
152 consi sts of 16 blocks in total. Each of the blocks has a capacity of

about 2.5 negabytes obtai ned | tiplyj the total nozzle nupmber of 512
by 4. 864 dot Sbron L3818 pFhtt BEsis) She CHe, HeSHRi G BRRTPAF OB |
transfer dru@rdné@ﬁ%% the data to the recording head 2. In accordance
with the sequence of the printing blocks, the controller 130
causes a recording head moving device driver 155 to drive the
recording head moving device 120 so as to conduc£ the
positioning of the recording head. 1In the embodiment, the
sequence changing means is constituted by the controller 130.
Next, the transfer step will be described. After
an image of one page has been formed on the transfer drum 1,
the pressure roller 3 is pressed against the transfer drum 1.
Timing is provided so that the recording start position
corresponds to the leading portion of the recording sheet, and
the recording sheet 5 is transported to the area where
pressure roller 3 contacts transfer drum by sheet transporting
means 141 (see Fig. 11}, thereby starting the transfer step.
When the end portion of the recording sheet 5 has been
subjected to the transfer step and passes through the area of
contact between pressure roller 3 and transfer drum 1, the
pressure roller 3 is separated from the transfer drum 1 so
that the recording sheet 5 is discharged.
As a result of the above steps, the recording of one
page is completed.
Fig. 15 is a side view of a color ink jet printer
which is a seventh embodiment of the invention. Recording

heads 2a to 2d and a transfer roller 3 are arranged around a

pival |
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data of one page have been devel oped, a dot counter 153 counts the nunber
of printing dots of each of the witing blockks in the video nenory 152,
and inforns the controller 130 of the counted values. The controller 130
deci des the sequence of printing the blocks in order of decreasing counted
value, and transfers information indiggtive of the sequence of the
printing blocks to a nenory selector 154. In deciding the sequence,
however, restriction is set so that adjacent blocks are not successively

Subl oot od L0 SR PRt ThE® rLESRAIGIRAHY 221 ¢52%R %Uhn be
independently moved by head moving devices 120a to 120d which
can be structured in the same manner as the moving device of
the sixth embodiment, respectively. The recording heads
perform the color printing. Namely, the recording head 2a
ejects ink of black, the recording head 2b ink of cyan, the
recording head 2c ink of magenta, and the recording head 2d
ink of yellow. The mechanisms for transporting a recording
sheet 5 and conducting a switching operation of the pressure
roller 3 can be structured in the same manner as those of the
sixth embodiment.

The operation of the printer will be described with
reference to Fig. 16. A controcller 130a receives printing
instructions and printing data from a host computer 116. The
controller 130a develops the printing data in memories, which
preferably are video memories 152a to 152d in accordance with
the printing instructions.

The memories are independently provided for
respective colors. When data of one page have been developed,
dot counters 153a to 153d count the number of printing dots
of each of the printing blocks in the video memories 152a to
152d, and inform the controller 130a of the counted values.
The controller 130a decides the printing sequence of the video
memories 152a to 152d in order of decreasing number of printed

dots. 1In deciding the sequence, restriction in set so that
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34 menory 152 on the basis of the sequence information, and transfers

the data to the recording head 2. In accordance wth the sequence of the
printing blocks, the controller 130 causes a recording head novi ng device
driver 155 to drive the recording head noving device 120 so as to conduct

the positioning of the recording head. |In the enbodinent, the sequence
changing neans is constituted by the cgntroller 130. Next, the
transfer step will be described. After an image of one page has been

formed on thea fgggﬁgﬁofgéﬂgzgre not successively subjected to the printing

step for each color, and that the same block is not printed
plural times in the same rotation of the transfer drum 1. The
controller 130a transfers information indicative of the
decided sequence, to memory selectors 154a to 154d. The
memory selectors 154a to 154d read out printing data from the
video memories 152a to 1524 in the decided sequence in
synchronization with the rotation of the transfer drum 1, and
transfer the data to the respective recording heads 2a to 2d.
The controller 130 controls the recording heads 2a to 2d so
as to cause them to move to the respective blocks to be
printed, by sending instructions to recording head wmoving
device drivers 155a to 1554 to drive the recording head moving
devices 120a to 120d.

According to the embodiment, the conditions under
which an ink film is formed on a transfer medium are corrected
by changing the sequence of writing blocks of printing data
in accordance with the number of printing dots, thereby
allowing recording with a high printing quality. Since
adjacent blocks are not successively subjected to the printing
step, ink coagulation can be prevented. In a color printing,
ink mixing on the transfer medium is not conducted in the same
turn of the transfer medium, thereby preventing enlargement
of the dot diameter due to ink mixing before formation of the

film and thus allowing recording having a high printing
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the pressure roller 3 is pressed against the transfer druml. Timng is

provi ded

so that the recording start position corresponds to the |eading

portion of the recording sheet, and the recording sheet 5 is transported
to the area where pressure roller 3 contacts transfer drum by sheet
transporting nmeans 141 (see Fig. 11),3%thereby starting the transfer step.

When t he
transfer
roller 3
transfer
a result

end portion of the recording sheet 5 has been subjected to the
step and passes through the area of contact between pressure
andﬁ%rgfféﬁr drum 1, the pressure roller 3 is separated fromthe
drur?1°s6 Yt hat the recordi ng sheet 5 is discharged. As

of the above sigpsyghihesh&¢or di dbOdimdets having an ink jet
recording head which uses piezoelectric elements have been
described. The invention is not restricted to this, and a
recording head using heating elements may be employed. Alsc
e.g. belt type transfer medium may be used in place of a drum

transfer medium.
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page i s conpl et ed. Fig. 15 is a side view of a color ink jet
printer which bﬁ_a sevent h enbodi nent of the invention. Recording heads
2a to 2d and a t¥ 3 are arranged around a.... ._

35 transfer dr [T kw%#ding heads 2a to 2d can be independent|y
B B

noved by head no
CIL.ATIMS:

1. An ink jet recording method in which an ink
image is written on a transfer medium by a recording head and
transferred to a recording medium, said recording head being
opposed to said transfer medium and separated therefrom by a
gap, and a main scanning and a subscanning are conducted on
said transfer medium, wherein an ink image writing step is
conducted by selectively ejecting ink drops from said
recording head, said ink image writing step comprising:

a) a first scanning step in which ink dot strings
are formed in a main scanning direction soc as not to adjoin
each other in at least a subscanning direction;

b) a second scanning step in which said recording
head is moved in the subscanning direction and ink drops are
impacted to positions which are not adjacent to an ink dot
string which is lastly formed on said transfer medium in an
immediately preceding scanning step; and

c) a step in which said second scanning step is
repeated until a desired ink image is written.

2. An ink jet recording method according to claim
1, wherein ink dot strings which are adjacent to each other
on said transfer medium in the subscanning direction are
formed by ink drops ejected from different nozzles of said
recording head.

3. An ink Jjet ©recording method, especially




can be structured in the sane manner as the noving device of the sixth
eqbod!nent, respectively. The recordi ng heads. perfarm_the color
printing. Nanely, the recordlng head 2a ejects ink of black, the recording

head 2b ink of cy %g head 2c ink of

recordi ng head ZdQ'i ‘EFE Em The nm¥thani sns. fumﬂﬁﬂﬂmmwgm
recording sheet 5 a switching operation df t*hespressure
roller 3 can be structured in the same manner as those of the sixth

mbod Th
Cererence o WIS AT G GrrePL1shs ParePuLEb i Hhin, T IR M
printing dat ainflgg?énl% IRl R & 348 dhCnedium by a recording head and

transferred to a recording medium, said recording head being

opposed to said transfer medium and separated therefrom by a
gap, and a main scanning and a subscanning are conducted on
said transfer medium, wherein an ink image writing step in
conducted by using a recording head having a plurality of
nozzles which are separated by a gap corresponding to P pixels
in a subscanning direction, said ink image writing step
comprising:

a) a first scanning step in which, for each main
scanning, ink dot strings are written by moving said recording
head in one subscanning direction by a distance corresponding
to Z pixels Z/P being an irreducible fraction, a relationship
of 2 = Z s P - 2 being satisfied; and

b) a step in which said first scanning step is
repeated until a desired ink image is written.

4. An ink jet recording method according to claim
3, wherein, in said ink image writing step, the subscanning
of said recording head is commenced when at least Zth nozzle
counted from an upstream side of the subscanning direction of
said recording head is made coincident with an edge of a
printing area.

5. An ink jet recording method, especially

according to any one of the preceding claims, in which an ink
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controller 130a develops the printing data in nenories, which preferably
are video nenories 152a to 152d in accordance with the printing. . .. .
i nstructions. ThlsSheetHasBeen acB®ENOri es are i ndependently provided for

respective coI of one page have been deg] Hﬂu gt ers
153a to 153d c of pri nt| ng dots of ea ﬂ ﬁ I ﬁﬂ"mfm
bl ocks in the VI eo mem)r 152a t 040 152d, and |nform’the cont ol Fer® 130a
of the counted values. The controller 130a decides the printing sequence

or i nted dot SLAE GHE VAT h 7% Bq snREEer cupPh B F S U ingda ana
transferred to said transfer medium, said recordlng head being
opposed to a recording medium and separated therefrom by a
gap, and a main scanning and a subscanning are conducted on
said transfer medium, wherein an ink image writing step is
conducted by using a recording head having N (N is a natural
number and N =< 2) nozzles which are separated by a gap
corresponding to P pixels in a subscanning direction, said ink
image writing step comprising:

a) a first scanning step in which, in a period from
a start of a printing to Pth main scanning, ink dot strings
are formed by, for each main scanning, moving said recording
head in one subscanning direction by a distance corresponding
to Z pixels, Z/P being an irreducible fraction, a relationship
of Px (M-1) + 2 s Z=<Px (M- 1) + P - 2 being satisfied
when a minimum natural number M satisfying (Z/p) < M is
defined;

b} a second scanning step in which , ina (P + 1)th
main scanning, said recording head is moved in one subscanning
direction by a distance equal to (N - Z) x P + Z pixels; and

c}) a step in which said first and second scanning
steps are alternatively repeated until a desired ink image is
written.

6. An ink jet recording method according to claim

5, wherein N is equal to Z (N=Z).
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36 adj acent blocks are not successively subjected to the printing step
for each col o that & lm§am<a block is not printed plural_tines in the
sane rotatlon m drum 1. The controtter130a transfers

information in deci ded sequenc ectors 154a
ors 154a to 154d! mﬂggﬂm m‘“ data from
ce *

to 154d. The
the video nenories 152a to 152d in tAd deC|d I
synchroni zation with the rotation of the transfer drum 1, and

7. An ink jet recording apparatus in which an ink
image is formed in an image recording step on a surface of a
transfer medium (1), and the ink image is transferred to a
recording wmedium (5) in a transfer step, said apparatus
comprising:

a recording head (2) having a plurality of ink
ejecting nozzles (H1, H2, H3 ...) which are arranged in a line
at predetermine intervals;

a transfer medium (12) which is opposed to said
recording head (2) and separated therefrom by a gap and
rotatably supported, and on which an ink image is formed
preferably by an ink jet recording method according to any one
of claims 1 to 6;

moving means (20) for moving said recording hgad (2)
by a predetermined distance in a subscanning direction for
every turn of said transfer medium (12); and

transfer means (3) for transferring the ink image
on said transfer medium (12) to said recording medium (5).

8. An ink jet recording apparatus according to
claim 7, wherein said apparatus further comprises heating
means (4) for heating the ink image written onto said transfer
medium (12)}.

9. An ink jet recording apparatus, especially
according to claim 8 or 9, comprising:

image writing means (2) for forming an ink image on
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transfer the data to the respective recording heads 2a to 2d. The
cgntroller 13Q_controls the recording heads 2a to.2d_so.-as-to-€ause them
td nove to thdh Beaa R3pielss to be printed, by sending instructions to

recordi ng headm%[m drivers 155a to 155d luﬁ milwaﬂuﬂ‘mgr di ng
head nmoving d ) 120d. Accor i ment,
t he conditions under nink f%mis formed on ransfer® nedlun1are
corrected by changing the sequence of witing blocks of printing data in

o dapce g o REa e o BRAPLL el (PP, 11w no econdlng,
subjected to the printifgpngfer means (3) for transferring the ink image
to a recording medium (5);

dot. counting means (153; 153a to 153d) for counting
a number of printing dots of image data stored in an image
memory (152; 152a to 152d); and

sequence changing means for changing a sequence of
conducting a writing on said transfer medium in accordance
with the number of printing dots which is counted by said dot
counting means.

10. An ink jet recording apparatus according to
claim 9, wherein said sequence chaining means changes the
sequence in such a manner that dot strings which are adjacent
to each other on said transfer medium are not continuocusly
printed.

11. An ink jet apparatus according to claim 9 or
10, wherein said image writing means comprises a recording
head (2), and said transfer means comprises a pressure roller
(3).

12. A color ink jet recording apparatus, especially
according to any one of claims 7 to 11, comprising:

image writing means having a plurality of recording
heads (2a to 2d) for forming an ink image on a surface of a
transfer medium (12);

transfer means (3) for transferring the ink image
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step, ink coagul ation can be prevented. In a color printing, 1ink mxing on
the transfer mediumis not conducted in the same turn of the transfer
medi um t her eby ﬂ‘mvsmetlHaﬂBeﬂR ﬁ&ﬂ& of the dot—dianeter due to |nk
ilm

et UM, 5 -

to a recording medium (5);

dot counting means (153a to 153d) for counting a
number of printing dots of image data stored in an image
memory; and sequence changing means for changing a seguence
of conducting a writing on said transfer medium in accordance
with the number of printing dots, and for changing the
sequence in such a manner that a dot in which two or more
colors are to be mixed is not subjected to a plurality of
printing steps in a same turn of said transfer medium.

13. An ink jet color recording method comprising
the steps of:

receiving printing instructions and first printing
data;

developing second printing data in a plurality of
memories, preferably video memories, according to printing
blocks in accordance with the printing instructions and the
first printing data, each of said plurality of memories
associated with a respective color;

counting a number of printing dots of each of the
printing blocks represented by said second printing data;

deciding a printing sequence of said printing blocks
in order of decreasing number of dots, wherein said deciding
is restricted so that adjacent ones of said printing blocks

are not successively printed.




In the above, enbodinments having an ink jet recording head which uses
pi ezoel ectric el ements have been described. The invenkske:HasB&ARe laced

réstricted to this, and a recording head using heatin
enpl oyed. Also e.g. belt type transfer H’Edl um may be mnHH
drum transfer medium

-INK JET RECORDING METHOD AND INK JET RECORDING APPARATUS

ABSTRACT

In a transfer type ink jet recording system,
scanning is conducted on a transfer drum using a recording
head (2) to férm ink dot string. The recording head (2) is
moved in one subscanning direction with a fixed pitch so that
ink drops are impacted to positions which are not adjacent to
ink dot strings formed immediately before the current scanning
step, whereby a repellent phenomenon is prevented from
occurring. According to another aspect of the invention, the
printing sequence is changed in accordance with the density
of print data. A dot counter (153) counts the number of
printing dots of each of a plurality of writing blocks in a
video memory (152). A controller (130) decides the sequence
of printing the printing blocks on the basis of the result,
and transfers information indicative of the sequence of the
printing block to a memory selector. In deciding the
sequence, restriction is set so that adjacent blocks are not
successively subjected to the printing step. The memory
selector (154) reads out printing data from a wvideo memory
(152) on the basis of the sequence information, and transfers

the data to a recording head (2).

FIGURE 14
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1. An ink jet recording nmethod in which an ink inmage is witten on a
transfer medium (1) by a recording head (12) and transferred to a
recordi ng medi um (15), said recording head (2) being opposed to said
transfer nmedium (1) and separated therefromby a gap, and a nain
scanni ng and a subscanni ng are condugted on said transfer nedium

wher ei n an ink image witing step is conducted by sel ectively

ejecting ink drops fromsaid recording head, said ink imge witing step
conpri si ng: m;:f&? a ffrst scanning step in which ink dot strings are
formed in a eanni Aig direction so as not to adjoin each ot her
In at | east a subscanning dhﬁgction; 110 110

/
LS o S 1101

| 101
U ;
| [4
N i 2 O] a02

; | 0% 05 )
4 17 / 1 106

7 72—
1107

Z
|/

2
FG. 2 o

2
225
.

24
REPLACEMENT SHEET

19 SEP 1996

R




b) a second scanning step in which said recording head (2) I's nmoved

I n the subscanning direction and ink drops are | npacted to positions
whi ch are not adjacent to an ink dot string which is lastly forned
on said transfer mediumin an i medi ately precedi ng scanni ng step;
and c) a step in which said secong scanning step is repeated

until a desired ink image is witten, characterized in that al)
in said first scanning step said ink dot strings are successi vely
formed in the main scanning direction commencing froman initial
scanni ng position, such that each successive 4ink dot string is
formed at a predeterm ned interval from and so as not to adjoin

FIG. 3
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CL S * - 39- the i medi ately preceding ink dot string in at
| east sai d subscanning direction; and bl) in said second scanning
sfep said recording head (2) is noved in the subscanning direction to a
second scanni ng position and said ink drop strings are successively
fornmed in said main scanning direction 3herefrom such t hat each
successive ink dot string is forned at a predeterm ned interval from
and so as not to adjoin the i mmedi ately preceding ink dot string of
sai d second scanning step in at |east said subscanning direction,
-wherein said ink dot strings of said second scanning - step are inpacted
to the positions which are not adj acent to the ink dot string which is

FIG. 4
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said transfer mediumin the i medi ately preceding scanni ng step. 2.
An ink jet recording nethod according to claim1, where- i n ink dot
strings which are adjacent to each other on said transfer nediumin the
subscanning direction are formed by ink drops ejected fromdifferent
nozzl es of sai d recordi ng head. 3 An ink jet recording nethod
according to claim1l or 2, wherein said recording head (2) has a
plurality of nozzl es which are separated by a gap corresponding to P

pi xel s in the subscanning direction, and in said first scanni ng step
which is repeated until a desired inmage is witten, for each main
scanning, ink dot strings are witten by noving said recording head (2)
in one sub- scanning direction by a distance corresponding to Z

pi xels, Z/P being an irreducible fraction, and a relationship of 2 < Z <

P - 2 being satisfied. F/G 5

SUBSCANNING
DIRECTION

70 17 —“.

S1 Cj

S2

SCANNING
DIRECTION
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4. An ink jet recording nethod according to claim 3, wherein, in said

i nk image witing step, the subscanning of said recording head is
comenced when at least Z-th nozzl e counted from an upstream si de of

t he subscanni ng direction of said recording head (2) is nmade coi nci dent
with an edge of a printing area. 5. ink jet recording nethod according
to claim1l or 2, wherein said recording head (2) has N (Nis a natura
nunber and N > 2) nozzles which are separated by a gap corresponding to

P pixels in the subscanning direction,
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and in said first scanning step, in a period froma start of a printing

to Pth main scanning, ink dot strings are forned by, for each main
scanni ng, novi ng said recording head (2) in one subscanning direction
by a distance corresponding to Z pixels, Z/ P being an i rreduci bl e
fraction, a relationship of Px (M- 1)+ 2 <Z<Px (M-1) +P- 2
bei ng satisfied when a m ni nrum natural nunber Msatisfying (Z/P) < Mis
defined, and in said second scanning step, ina (P + 1)th main

scanni ng, said recording head (2) is noved i hpgne subscanni ng
direction by a dis equgf to (N- 2) x P,*-Z—agxeLs, and in a
further step said ¥i * and’/second seanni ng 21 sR®2ps23re alternatively

repeated until a desired ink ) |s witten. Q. An ink jet
recordi ng nmethod according to_e
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recordi ng head (2) and separated therefromby a gap and rotatably
sypported, and on which an ink inmage is forned preferably by an ink jet
recordi ng met hod according to any one of clains 1 to 6; novi ng
means (20) for noving said recording head (2) by a predeterm ned di stance
in a subscanning direction for every t@rn of said transfer nmedium (12);
and transfer nmeans (3) for transferring the ink imge on said
transfer medium (12) to said recording nedium(5). 8. An ink jet
recordi ng apparatus according to claim7, wherein said apparatus further
conprises heating neans (4) for hea;&ggSIhe ink imge witten onto said

transfer
LL
20 -Z _____ . N o

7
2 [0O00O000HON00ONNAHD

1234567891112 1316151617 18
NUMBER OF ROTATION OF THE TRANSFER DRUM (NUMBER)

MOVING DISTANCE OF RECORDING
HEAD (NUMBER OF PIXELS)
o
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medi um (12). 9. An ink jet recording apparatus, especially

according to claim8 or 9, conprising: I mge witing neans (2)
for form ng an ink image on a surface of a transfer nmedi um
(12); transfer neans (3) for transferring the ink inage to a
recordi ng medi um (5); 9 .

FIG. 12
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e

dot counting neans (153; 153a to 153d) for counting a nunber of printing
dots of image data stored in an image nenory (152; 152a to 152d); and
sequence changi ng neans for changi ng a sequence of conducting a witing on
said transfer mediumin accordance w th the nunber of printing dots which
IS counted by said dot counting neans]) 10. An ink jet recording
apparatus according to claim9, wherein said sequence chai ni ng neans
changes the sequence in such a manner that dot strings which are adjacent
to each other on said transfer nediumare not continuously printed.

FIG. 14
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11. An ink jet apparatus according to claim9 or
writing neans conprises a recording
conprises a pressure roller
appar at us,
i mge witing means having a plurality of{qrecording
formng an ink image on a surface of a
transfer nmeans (3) for transferring the ink inage

(3).

head (2),

10, wherein said i mage

especially according to any one of clains 7 to 11,

FIG. 16
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Toxio7-5 65
_to a recording nedium (5); dot counting neans (153a to 153d) for
vCO ng.a -nunber._of _printing dots of inmage data stored in an inmage
ne yr.andeﬁeﬁUeneesehanglﬁg meéns for changing a sequence _of cgnaﬁctlng
it1 I'ng rareesaipds Ltansfengmedtuttln accordance with wep T of
prlnmfng ‘thotys, -prgkd o .changi vy fhe sequence in such a nmanner that a dot
i n whi ch- tMB‘ernDTE kag@@gare to b¥B-mixed i s not subjected to a

plurallty of paped .t paged .. —

o e Hllllll mm IIIH lll!l Il Illl

1. An ink jet recording method in which an ink image is
written on a transfer medium (1) by a recording head (12)
and transferred to a recording medium (15), said recording
head ({2} being opposed to said transfer medium (}) and
separated therefrom by a gap, and a main scanning and a

A subscanning are conducted on said transfer medium, wherein
an ink imége writing step is conducted by selectively
ejecting ink drops froﬁ said recording head, said ink- image
writing step comprising:

a) a first scanning step in which ink dot strings are
formed in a main scanning direction so as not to adjoin
each other in at least a subscanning direction;

b) - a second scanning step in which said recording head (2)
is moved in the subscanning direction and ink drops are
impacted to positions which are not adjacent to an ink
dot string which is lastly formed on said transfer
medium in an immediately preceding scanning step; and

c} a step in which said second scanning step is repeated
until a desired ink image is written,

-

characterized in that

al) in said first scanning step said ink dot strings arxe
successively formed in the main scanning direction’

commencing from an initial scanning position, such that

each successive ink dot string is formed at a-

predetermined interval from, and so as not to adjoin

REPLACEMENT SHEET
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pwlnilng steps in a sane turn of said transfer nmedium 13. An
’nk jet color recording nethod conprising the steps of:

receiving printing instructions and first printing data;

devel opi ng second—printing-data—in-a plurality of menories REMACEMERT\SHEET
vi deo nenories, according to printing blocks in accordance with the

printing instruct |HM§M““H[‘MIME printing data, each of said plurality
of menories assodl ective_color; counting a
nunber of printing dot% of &ach of the ‘% inting blocks represented by said
second printing data,;

the immediately preceding ink dot string in at least
said subscanning direction; and

bl) in said second scanning step said recording head (2) is

moved in the subscanning direction to a second scanning
position and said ink drop strings are successively
formed in said main scanning direction therefrom, such
that each successive ink dot string is formed at a

s predetermined interval from, and so as not to adjoin the
immediately preceding ink dot string of said second
scanning step in at least said subscanning direction,
-wherein said ink dot strings of said second scanning
step are impacted to the positions which are not
adjacent to the ink dot string which is lastly formed on
said transfer medium in the immediately preceding
scanning step. '

2. An ink jet recording method according to claim 1, where-
in ink dot strings which are adjacent to each other on
said transfer medium in the subscanning direction are
formed by ink drops ejected from different nozzles of

N said recording head.

3. An ink jet recording method according to claim 1 or 2,
wherein said recording head (2} has a plurality of
nozzles which are separated by a gap corresponding to P
pixels in the subscanning direction, and in said first
scanning step which is repeated until a desired image is
written, for each main scanning, ink dot strings are
written by moving said recording head (2) in one sub-
scanning direction by a distance corresponding to 2
pixels, Z/P being an irreducible fraction, and a
relationship of 2 < 2 < P - 2 being satisfied.

REPLACEMENT SHEET

2 2 MAY 1998




I o . : o :
deciding a pri-nting sequence of said printing blocks in order of
decreasi ng“nunber of dots, wherein said deciding is restricted so that
adj acent ones of said printing blocks are not successively printed.

[ T -
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4. An ink jet recording method according to claim 3,
wherein, in said ink image writing step, the subscanning
of said recording head is commenced when at least 2Z-th
nozzle counted from an upstream side of the subscanning
direction of said recording head (2) is made coincident
with an edge of a printing area.

5. An ink jet recording method according to claim 1 or 2,
Y wherein said recording head (2) has N (N is a natural
number and N > 2) nozzles which are separated by a gap
corresponding to P pixels in the subscanning direction,
-and in said first scanning step, in a period from a
start of a printing to Pth main scanning, ink dot
strings are formed by, for each main scanning, moving
said recording head (2) in one subscanning direction by
a distance corresponding to Z pixels, Z/P being an
irreducible fraction, a relationship of P x (M - 1) + 2
£2Z<Px (M-1) + P - 2 being satisfied when a minimum
natural number M satisfying (2/P) < M is defined, and in
said second scanning step, in a (P + 1l)th main scanning,
said recording head (2) is moved in one subscanning
N~ direction by a distance equal to (N - 2) x P + Z pixels,
and in a further step said first and second scanning
steps are alternatively repeated until a desired ink
image is written. )

6. An ink jet recording method according to c¢laim 5,
wherein N is equal to Z (N=2).
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ABSTRACT

In a transfer type ink. jet recording system, a
scanning is conducted on a transfer drum using a recording
head (2) to férm ink dot string. The recording head (2) is
moved in one subscanning direction with a fixed pitch so that
ink drops are impacted to positions which are not adjacept to
ink dot strings formed immediately before the current scanning
step, whereby a repellent phenomenon is prevented from
occurring. According to another aspect of the invention, the
printing sequence is changed in accordance with the density
of print data. A dot counter (153) counts the number of
printing dots of each of a plurality of writing blocks in a
video memory (152). A controller (130) decides the sequence
of printing the printing blocks on the basis of the result,
and transfers information indicative of the sequence of the
printing block to a memory selector. In deciding the
sequence, restriction is set so that adjacent blocks are not
successively subjected to the printing step. The memory
selector (154) reads out printing data from a video memory
(152) on the basis of the sequence information, and transfers

the data to a recording head (2).
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