1 Variable speed printing 5 The invention relates to
an i mage reproduction device for docunent processing,
t he device conprising an input unit for providing
sheets, a docunment conveying systemfor conveying the
sheets fromthe input unit to an output unit for
recei ving processed docunents, sheet processing neans
for applying an image 10 pattern to a sheet while the
sheet is being conveyed fromthe input unit to the
output unit with a processing speed, and a contro
unit arranged for processing the sheets at a nom na
processi ng speed, at a nom nal sheet distance and a
noninal docunent quality, the inmage reproduction
Vﬁnéﬁ bei gg J hgnged for operating at the nom nal
pr oces |?ﬂf EEQ %ontlnuously and for processing the

5sheets at a second 15 processing speed, the second

10

16

proc essi*h@%véﬂt%‘ﬁ el \/\ﬁb P)ganhhlg&?{? Foldtioh Eviort liment

proceSS|nﬂ ets are processe at the
noRFPEREPing %@evmeﬁ@ﬁwgaﬁmnm Helt lapPrRYieing sfretane decument

quahnidying svhtemlfmmeymg thdghebe rrroﬁﬁh@msﬁt unf® tcaarrmmupdmﬁsr
evi

R and ekt eI B ot e s e P e e g
ofpagemdes sherg whiteethe 20ees lsdreitng cavegiedhivorn ifed inart oiiEts tHerogtput
S RfR ith alp r&eﬁ’e@i‘fﬂ brb%led shg thomfo?hmgau @Q&jfo? @Qégsﬂgll%e sheets at

dOCUﬁEﬂt gya It he 1 mage repro tlon evi C
oy S?SSHEéP%?q Ak %ﬂm'fﬂﬂ éhe% disianas apst pewriagl chument

S maﬁy,cm‘magel t‘&p@doyzctloamﬁw@é @@l@ﬁ&?&ﬁt@ed e opdiafig St b nammal

B T e R e
t Heooshaing speadl.dhepsesorbecksaing bipredieing mighestharethe dosinaince
a'ﬂ)@ocegs%gt %e@%ﬁﬂt—ﬁtﬁé s %éa{fﬁﬁn&c@éé@b b e n@flm%%ﬂ@ét%‘s%cé d

lg%rgglg docunent s and of controlling docunen
23l JosUnaehaAYf r om US 4, 319, 874. The appar at us

' '| ncl udeske iavdntse furthedrelbicX | Itd”@meih@ﬂ of contrBIB@Sthé Pnaz@ Pdproduction

20

S 5 R WO 0 g s
héb@eé%lat ammirwifﬂi prskcedsing spéddeatta myninal whent distapte 30 4 daninal
Mephieht QlalityPe HhideSh d&%ucﬁ&?@é@%@'b@mﬂ ﬂ'\c’th&gqorsdégllatlﬁd@tlhe

t he nenbers are nove

- sREMNalRipRsEP NG FPeed SPriBuatsl, WO%an@fheﬁaeetﬁﬁW

25

30

35

S peecksdpedit theadecdritiprécvsig SHeee Being) RIgha thar B@ndkiRdier

gt e e LT
hﬁ@ﬂ@mﬁﬁh@wbéﬁthmmh is used to generate a signal when
the t eﬁFPéﬁﬁFa‘ﬁE@foPéophh? d&%m%ﬁtrs alﬁé et E&"tr%"m%d?cument
predet erm ned val ue nal bei ng
cﬂfgﬁ?ﬁswg i Ifowe freed S 31 9 %4 ﬁ’@wmaéaﬂﬁsr 'aﬁv@%@ frgey s fixing
spaedmbtges th @opyosuBEtrB8¢a8 hasging the substrates between two pressure
engaged fuser members one of which is heated. A control for effecting movement of
the members at two different speeds is provided such that the members are moved
- at the higher speed when a small number of copies are made and at the higher
speed and then at the lower speed when a large number of copies are being made.
The control includes a temperature sensor for sensing the temperature of the heated
member which is used to generate a signal when the temperature of the member
falls to a predetermined value, the signal being employed for changing the speed of
the members from the higher speed to the lower speed.




In the known system when the tenperature sensor

i ndi cates the predeterm ned tenperature has been
reached, the speed is switched to a nom nal operating
speed at which the apparatus can_ be operated
continuously for making a |arge nunber of copies.
However, no further control of the internal operation
of the 5 apparatus is provided, and, noreover, an
instant switch to another processing speed can not be
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The invention is also based on the foll ow ng
observations. Fromprior devices it nmay be known to
tenporarily reduce the effective processi ng speed by
adjusting 3 the distance between sheets in the

.conveying system in particular increasing the
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have the nom nal sheet distance and thereby creating
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This has the advantage that the mechanical load and temperature stress by
the temporary speed change are limited, so that the device can keep operating
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for a tine period selected in dependence of the
operational conditions. This has the advantage that

the mechani cal |oad and tenperature stress by 35 the
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Figure 6 shows a control structure for a digital image reproduction device,

Figure 7 shows a position and time diagram for a sheet and an image pattern,
Figure 8 shows a process for adjljsting the processing speed, and
Figure 9 shows calculation of synchronization times.
30  The Figures are diagrammatic and not drawn to scale. In the Figures, elements
which correspond to elements already described have the same reference numerals:
Figure 1 shows a digital image reproduction device 1, on which the different
parts are separately shown in diagram form. The documents to be processed are

usually paper sheets, but may also include any other type of sheets for carrying
35 information, e.g. overhead sheets, efc.

The device has an input unit 22 for providing sheets, which may have several




whi ch correspond to el enents al ready descri bed have
the same reference nunerals. Figure 1 shows a digital
i mage reproduction device 1, on which the different
parts are separately shown in diagramform The
docunents to be processed are usually paper sheets,
but may al so include any other type of sheets for
carrying 35 infornmation, e.§ over head sheets, etc.
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di stance and the nom nal docunent quality. Moreover,
the second speed nay be reached in a gradual way. The
processi ng speed may be increased tenporarily, e.g.
for processing a relatively small job, and nmay be
gradual l'y reduced to the nom nal 30 speed during a

| arger job. In particular the imge reproduction
device is arranged for opeFating at a variable
processi ng speed in a range of processing speeds.
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' the variable processing speed. In different situations the speed is adjusted from the




been used. The paper type to be processed may be
detected by a sensor, or may be 25 known, e.g. from
sel ection of a specific paper input unit. The sheet
type may also be detected indirectly, e.g. by .
detecting a tenperature in a tenperature controll ed
processing step |like a pre-heater el enent or fusing

el ement al ong the paper paths In response to this
situation, the control unit decides that a higher
procégﬁlng eed is F033|ble and therefore gradually

i nVRERRlEIUOGE] “% PRACESS TR Gomfrak ar amofher Rresespinghspeed, as
equistudsed bewwpeed has been reached as is shown in the
upper c ure, ve 32.
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conpletion that results fromthis strategy is nore
noti ceable for short jobs. In another enbodi nent of
the present invention, the processing speed may be
tenporarily increased at the start of a print job, as
long as the further processing 25 elenents are able
to conply with the increased speed due to operating
tol erances. For instance, tife printing system 26 may
be able to operate at a range of processing speeds
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productivity, whereafter the speed is brought back to the nominal value, thereby
assuring the rated productivity. '
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It is noted that the gradual and/or temporary adjusting of the variable
processing speed accommodates a number of operational conditions, such as a
graceful degradation in dependence of adverse operational conditions, like a
fimitation of the power supply that is available. Such power level may be detected by

a sensor, or a power need may be estimated by calculation in the control unit. An
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selecting the reduced processing speed in dependence of detecting a temperature in

one or more of the processing steps, detecting a temperature in the environment




15 The interrupting processing job may be executed at
an i ncreased processing speed, and subsequently the
- further processing job is to be resuned at the nornal
speed. The interrupt processing may al so be perforned
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further processing job, e.g. alternatingly printing
pages (or small groups of p&yes) and guiding the
pages to respective delivery units. 20 The apparatus
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conditions and parameters of the sheet processing. According to the operations
parameters a speed request is transferred to the engine controller 62, which




10

15

processi ng speed is adjusted in dependence of the
finishing paraneter. In particular, as already
descri bed above, the apparatus may be initially
operated at a high speed exceeding the nmaxi mum

finisher speed until first sheet reaches the finisher,

the 15 subsequent sheet being delivered at the
finisher with a reduced spedd that can be handled by
the finisher. In an enbodi nent, where the device has a
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present invention wl now be descri
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mAasuvelirimaws in thi gnr@ng agya toner image may be formed tn the image

forming system 26 under digital control, and then transferred and fused onto an
image carrier sheet that has been supplied from sheet input unit 22. Thus, the
timings of the sheet input and the image formation must be coordinated accurately.
-The example of Figure 7 is given for a simple case in which no speed change is
‘implemented. |

' The vertical axis in Figure 7 indicates position, and the horizontal axis
ind_icates time, both in arbitrary units. In the Figure, line 71 indicates the trajectory of




consunption, job status, print quality, nulti-user
behavi or, etc. Evaluation of these 10 neasurenents
results in speed variation, which is then planned and
executed via engine controller 62 and speed contro
unit 63. The engine controller 62 is responsible for
planning the transport of each sheet and inage through
the copi er/printer. The pl athi ng process results in
"feed forward' tinme targets (as disclosed in detai
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Figure 9 shows calculation of synchronization times. Synchronization times
are times whereat a coordinated action must take place, such as, e.g., a sheet
conveying section taking over a sheet from its preceding sheet conveying section.
35 _ In Figure 9, the vertical axis indicates speed, and the herizontal axis indicates
time. In the Figure, a first horizontal line 91 indicates the trajectory of a sheet, which
may continue horizontally without speed change as line 94. Four synchronization




dashed line 76, to the fuse position on line 75. In
the Figure, the area in which the second line 73 of
the i mage pattern, and a part 72 of the sheet
trajectory, proceed to the fuse position, indicated
by rectangle 74, indicates an area of control where
the sheet and the inage pattern are controlled by one
control device, e..g. one san® 10 notor. A next
rectangl e indicates a second sheet and image pattern
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20 ré%ﬁ?@ﬁﬁé@ﬁﬁ@eﬂﬁp@ﬁhal schedules and der|V|ng further
sync tinmes. Sonme | ower control |evel steps 87 may be
robust to speed 30 changes, whereas other |ower
control level steps 85 actually take care of the speed
change for the notors of the sheet conveying system
88. Figure 9 shows cal cul ation of synchronization
times. Synchronization tines are tines whereat a
coordi nated action nust take place, such as, e.g., a
sheet conveying section taking over a sheet fromits
~ precedi ng sheet conveying section. 35 In Figure 9, the
vertical axis indicates speed, and the horizontal axis
indicates tinme, In the Figure, a first horizontal
line 91 indicates the trajectory of a sheet, which
may continue horizontally w thout speed change as |ine
94. Four synchronization 15 tinmes are given for the
case w thout speed change (ti,, tea, t3a ,t4a).
Alternatively, in sloping line 92 a speed change is
performed fromspeed Vt at tstart to hi gher speed V2




at tend, after which the trajectory continues at speed
V2 in line 93. The recal culation of three
synchroni zation times (t2b, tab ,t4b) is illustrated
for the case with speed change. 5 Figure 9 shows a -
speed profile due to a speed change. Fromthe speed
profile the new synchronization tinmes-are cal cul ated
based on the position of theisespective sheets due to
the actual speed. Although the invention has been
[ gxplalned by large printing devices for a
Aﬂdﬁ environnent, it is to be noted that the
varlable speed control is also 10 suitable for
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2. Device as claimed in claim 1, wherein the control unit (12) is arranged for
gradually adjusting the processing speed from one processing speed to another
30 processing speed.

3. Device as claimed in claim 1 or 2, wherein the control unit (12) is arranged for
selecting a processing speed that is higher than the nominal processing speed, in
dependence of first operational conditions.
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characterized in that - the inage reproduction device
is arranged for operating at a continuously variable
20 processing speed in a range of processing speeds in
whi ch the docunents are processed at the nom na
sheet di stance and the nom nal docunent quality, which
range includes the second prg;e53|ng speed, and in
that the control unit (12) is further arranged for
sel ecting a processing speed in the range of
pr ag esSDBgcedRaRbed iR AP SNURNGE tHd %on&a uBR Ealsisa@Aded for
condi. ti.ans n or --. operatin e. i mge .
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unit (12) is.arranged for gradually adjusting the
proceSS|ng speed from one processi ng speed to another
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sel ecting a processing speed that is higher than the
nom nal processing speed, in dependence of first '
opér at i Bewide asehaitined inkkim 33vherein the-control unit- (12)-is arfanged for
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% IS arranged for maintaining a select
pr Bledetemipedpedgivity gidependgat pf f'T?e‘*‘CWGHP%ﬂFe processi ng

speed for a time period selected in dependence of the
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cofeitprisens conpri se a jOb setting, t|n1ng page count
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wherein the contro uni t %E é is arranged f
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peploosssedig | obs at a 10 predeterm ned productivity
i ndependent of the actual job size. 7. Device as
claimed in claim3, wherein the first operationa
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cess ile an earlier job is being processed. 8.
20 De p@g V\ﬂﬁ? RegesshIaMagem 3 wherein said first
' operational conditions conprise a processing node and
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10. Device as claimed in any of the claims 1 or 2, wherein the contro! unit (12) is
arranged for selecting a processing speed that is lower than the nominal processing
speed, in dependence of second operational conditions.

30 11 Device as claimed in claim 10, whersin said second operational conditions

comprise an operational parameter, such as fuser temperature or available energy
supply.

12. " Device as claimed in claim 1, comprising an output unit (23) for delivering
© 35 processed documents, wherein the control unit (12} is arranged for detecting a

finishing parameter of the output unit, such as a finishing speed or mode, and for
adjusting processing speed and timing in dependence of the finishing parameter.




and wherein the control unit (12) operates the device
at an increased processing speed and adjusts
processing timng to be acceptable for the output unit
(23). 25 10. Device as clainmed in any of the clainms 1
or 2, wherein the control unit (12) is arranged for
sel ecting a processing speed_ that is |ower than the
nom nal processing speed, i 8dependence of second
operational conditions. 30 11. Device as clained in
cl ai m 10, wherein said second operational conditions
conprise an op?natipnaL paranet er, such as fuser
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- whef the seledted procdssioy speedt (12) is arranged for
initially selecting an increased processing speed and
subsequently reducing the speed to a required sheet
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is arranged for - determning a sheet position of at
| east one sheet being conveyed, and 15 - communi cati ng
comranddettd ¢f comtelling iat smdgeapproduction devias! (1) fagddcheent
i ngli c\-‘ésgir'@l el ements (65) at respective operational
speeds | n dependence of the sheet position. 16. Method
20 of conttPOIPIGEFOBATSIRAge repr oducti on device (1) for
doquﬁa@hpnm?ﬂpﬁﬁam@gﬁgﬁg tEe devi ce cgnprising - an
input _unit for praovidi sheets, - _a document .
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25  being conveyed from the input unit fo the output unit with a processing speed,
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the method comprising the steps of _
~ processing the sheets at a nominal processing speed, at a nominal sheet distance
and a nominal doecument quality, said nominal processing speed being a processing
speed at which the image reproduction device can operate continuously, and
30 - processing the sheets at a second processing speed, the second processing speed
being different from the nominal processing speed while the sheets are processed at
the nominal sheet distance and the nominal document guality,
characterized in that the method comprises the steps of
- operating the image reproduction device at a continuously variable processing
35 . speed in a range of processing speeds in which the documents are processed at the
nominal sheet distance and the hominal document quality, which range includes the

“second processing speed;
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25 being conveyed fromthe input unit to the output
unit with a processing speed, the nethod conprising
the steps of - processing the sheets at a nom na
processi ng speed, at a nom nal sheet distance and a
nom nal docunment quality, said nom nal processing
speed being a processing speed at which the image
reproducti on device can oper® e continuously, and 30 -
processi ng the sheets at a second processing speed,
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