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@ Apparatus and method for drying ink printed on a print medium in a printing system.

@ A printer has a sheet feed and drum transport assembly
(17), an exit assembly (465) and a dryer. Various print para-
meters or conditions relating to the drying of the ink on the
print medium are monitored. These print parameters include
print data density, ink drying characteristics and ambient
humidity, The monitored print parameters are used to control
the drying. In addition the monitored print parameters are
used to control the detaching of the print medium from a
rotary transportdrum (10).
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APPARATUS AND METHOD FOR DRYING INK PRINTED ON A PRINT MEDIUM
IN A PRINTING SYSTEM

This invention relates to apparatuses and methods for

drying ink printed on a print medium in a printing system.

In printing with a liquid on a print medium, the liquid
must be dried before the medium may be further handled. The
speed with which the printed medium dries depends upon the
ability of the medium to absorb the liquid and the areal
density of the liguid applied to the medium. If the medium
does not readily absorb the liquid, or if a large quantity of
liquid is applied to a small area of the medium, the
procedure of allowing the medium to dry passively before

handling it is either unreliable or too time-consuming.

In the past, passive drying of the medium has usually
been relied on, but in applications where predetermined
conditions indicated additional drying would be réquired, a
fixed energy source has been used to provide the additional
drying. For example, US 3,894,343 discloses a heating
element for drying inks on a printed web. Such a system must
be designed for the worst case drying problem--the wettest
areal density and the least absorptive print medium. Any
combination of print conditions other than this results in
the use of excessive energy to dry the printed web. In
addition, if the web stops, it is necessary to remove the

energy source to avoid damaging the web.

The requirement to adjust printing operation in

accordance with the print conditions is well known in the
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art. For example, US 3,835,777 and US:3,958,509 disclose
adjustment of the,flowrof ink to a printing pfeSs:in response
to sensingrof the density'of the image. In US 3,835,777, a
patch of the printed document is monitored w1th a
densitometer. The 51gnals from the den51tometer are analyzed
by a computer and used to gate the flow of ink to the press.
In US 3,958,509, a 11thograph1c plate is scanned to determine
the density. The print density 1nformatlon is then
electronically analyzed and used to adjust the flow of ink to

various print zones in the prlntlng area.

In ink jet printers, it is -well known to adjust the ink
flow in response to the motion of thernbzzles relative to the
print medium. For example, us 3, 717:722 shows'an array of
ink nozzles for prlntlng a pattern on cloth, The velocity of
flow to the nozzles is adjusted automatlcally'ln accordance
with the speed of the web under the nozzles, to maintain the
same intensity of printed image on the cloth. Similarly, US
4,050,075, shows adjustment of the'inkrflow or of the manner
in which the ink is deposited on the,print medium to
compensate for changes in,relative'movement'betWeen ink jet'
and print medium. Thus, the width»bf a printed trace from
the ink jet can be maintained despite relative ve1001ty
variations between the ink jet and prlnt medlum.

Accordingly, while monitoring—of print conditions or
parameters to adjust the printing operatien is well known,
the problem of efficiently drying,the:pfint'medium in
response to varying print conditions has not been solved.

Other problems that have occurred during the drying of
the liquid on the print medinm related to the stiffness of
the paper or its willingness to snap back to its desired flat
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state after drying. This is particularly important in a drum
printer in order to facilitate detachment of the sheet
material from the drum (i.e., if the paper does not have
sufficient stiffness it is difficult to detach from the
drum) . PFurthermore, in drum printers a corona charge assists
in holding the leading edge of the paper to the drum and is
effective to "tack" the paper to the drum. With a proper
corona charge the sheet material tends to flare out in a
controlled manner—--which assists in the desired detachment of
the sheet material from the drum. However, if the sheet
material has a high print data density and is thus
substantially wet, this would tend to bleed off the desired
corona charge. It will be understood that the above factors
affect the detachment of the paper from the drum. If such
detachment takes place at other than an optimum time, this
may lead to paper jams and print tearing, or to generally
unreliable operation.

Accordingly, the invention seeks to control the drying
operation as a function of print parameters for efficient

energy use and rapid operation of the printing apparatus.

The invention also seeks efficiently to dry print images
by controlling the detachment of sheet material from the drum

as print parameters vary.

According to the invention, apparatus for drying ink
printed on a print medium in a printer system, is
characterised by means for detecting print parameters related
to the drying of the ink printed on the print medium, and
means responsive to the detecting means to control drying of
the ink printed on the print medium in accordance with the

print parameters.
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Further, in accordance with the:inventien,'therprint
parameters that are detected include print data density,
drying characteristics of the ink and ambient humidity.

The invention extends to a methodref drying ink printed on a
print medium in a printing system, characterised by the steps

of :-

(a) detecting print parameters related to the drylng of the

ink printed on the print medlum, and

(b) controlllng the drying of the ink prlnted on the prlnt
medium in accordance w1th the prlnt parameters.

The scope of the invention is defined,by the appended'claims;
and how it can be carried into effect is hereinafter
partieularly described with reference to the accompanying

drawings, in which :- - -

Flg lis a perspectlve view of a copier system hav1ng a drum
printer and drylng apparatus according to: the present

invention;

Fig.2 is a block diagram'df'an'exit assembly and dryer in the
system of Fig.l; ' ' ' '

Fig.3 comprises :
Figs. 3A and 3B which'taken together'fOrm'a block diagram of

the control and sequenc1ng system for the copler system of
Fig.l;
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Fig.4 is a block diagram of systems which control heat energy
and detect print data density of the copier system of Fig.lj;

Fig.5 shows the timing of pulses on certain lines in the

system of Fig.4;

Fig.6 shows the velocity profile of the drum of Fig.l and the
velocity waveshape of the exit belts of Fig.l;

Fig.7 is a detailed block diagram of the control and driving

system for the dryer in the copier system of Fig.l;

Fig.8 is a plan of an operator's panel connected to the
system of Fig.3A;

Fig.9 is a block diagram of a system for detecting ambient
humidity to provide signals to input ports of a

microprocessor in the system of Fig.3A;

Fig.10 is a block diagram of a system for detecting ink
specifications to provide signals to an input port of the

microprocessor in the system of Fig.3A;

Fig.1ll is a detailed block diagram of the microprocessor and

its busses and ports in the system of Fig.3A;

Figs. 12 to 16 are flow charts helpful in understanding

portions of the program for the microprocessor of Fig.3A;

Fig,.,l17 is a perspective view of a flat transport assembly for
use with drying apparatus according to another embodiment of
the invention; and
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Figs. 18 to 22 show further embodlments of drylng apparatus

accordlng to the 1nventlon.rp

A copier system 15 (Fig.l) includes a printer with a
sheet feed and drum transport assembly 17, a sheet exit
assembly 465 and at least one ink dryer 464. The prihter may
be of the ink jet type having,inkrjet nozzles (not shown)
carried by an array transport system 250. Copier"system 15
provides control and sequencing for (1) sheet feed and drum
transport assembly'17,r(2) array transport system 250 and (3)
exit assembly 465 and dryer 464.

In the control of drying, system 15 provides for
detection of various print parameters relatihg to the drying
of the ink'printedron a sheet 11. The print parameters that
are detected include print data density, ambient humidity and
characteristics of the ink.' These detected print parameters
are used by system 15 efficiently to control drylng of the
ink printed on a sheet which constitutes the print medium.
Such drying may be accomplished by one or more of the

following :-

the control of heat energy supplied to dryer 464;

the control of the speed exit assembly 465;

and

the control of the number of extra revolutlons that a
sheet is rotated by a drum 10 of .the assembly 17. In
addition, the detected prlnt parameters are used by system 15

to control and delay detachment of a sheet 11 has dried to
the extent that it is sufficiently stiff for reliable,
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detachment. In this manner the operation of system 15
approaches an optimization of the drying and detaching
function with respect to time and energy used by the system.

The ink jet nozzles may be driven by input data from a
document-scanning system that includes a scanner and a source
organizer to feed a data memory in which the image data is
stored before being applied to the ink jet arrays. Such a
document-scanning system is described in US 4,069,486, and GB
1,566,826.

Single flexible sheets 11 are fed to the rotary drum 10
from bin 12 by conveying belts 13. Conveying belts 13 are
entrained around driven roll 20 and idle roll 21. A vacuum
plenum 22 within the belts 13 is connected by conduit 23 to a
vacuum source (not shown). A solenoid 29 operates a
mechanical paper gate 28 (Fig.2) of assembly 17 in the sheet
path between paper guides 26a and 27 to prevent any sheet
from proceeding to drum 10 until that sheet is released.
Drum 10 is driven in a load mode and in a print mode by a
drum motor and servo assembly 62 (Fig.l). A load mode
includes both loading of a sheet and unloading of a previous
sheet, if any.

The print drum surface velocity is plotted against time
in the upper curve of Fig.6. 1Initially the velocity is zero
and continues in the portion 73 of the curve to be zero until
the load mode is called for, when the drum is accelerated to
load velocity in the portion 70 of the curve. With the drum
revolving at load velocity, a first sheet is loaded onto the
drum, having been released by the gate 28 and becomes loaded
during the LOAD period indicated. The drum is then
accelerated during the ACCEL period in the portion 74 of the

curve, until it has reached print velocity.
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Printing occurs duringrthe,PRINT'period'in;the portion
72 of the curve, whereafterrthe drum is decelerated during
the DECEL period in the portlon 75 of the curve, until it has
reached load velocity as 1ndlcated by the portlon 71 of the

curve.

During the perlod when the drum 1s rotatlng at 1oad
ve1001ty, a start unload 51gna1 1n1t1ates unloadlng of the
first sheet from the drum and- subsequent loadlng of a second
sheet on the drum after release by the gate 28. The UNL '
unload period of the flrst sheet:and the LOAD,perlod of the
second,sheet_overlap'to'some extent.r'The'steps listed above

are then repeated for the second and subsequent sheets.

In conventlonal manner, vacuum control 19 is coupled to
drum 10, with conduits to provide both vacuum and pressurlzed
air. Spe01f1ca11y, control 19 is effectlve to prov1de '
leading-edge and tralllng—edge vacuum, as well as pressurlzed
air. Vacuum control 19, servo. assembly 62 and other details
of the sheet feed and drum transport are descrlbed in detail
in DE 28036988 and FR 2379458.; B ' )

After sheetrll,has beenrprintedionrdrum’io('it is
detached and passes below paper'guidef26b onto-theblower
run 468a (Fig.2) of belts 468 of exlt assembly 465, whlch
belts 468 are entralned around a drlven roll 467 and an 1d1e
roll 467a.' Roll 467 is driven- by a stepplng motor 478 .
which is energized by a conventlonal stepplng motor
controller 474, 1In order to prov1de a carry or stepplng
pulse to controller 474 control 51gnals are prov1ded along
output bus 100 through output port 470 and lines 472 to an
adder 473 having addltlonally applled clock pulses., The
adder 473 processes the data value onrllnes 472, and the
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higher the data value, the more frequently adder 473 provides
a stepping pulse on line 475 to controller 474. 1In this

manner exit belts 468 are operated at a desired velocity.

The exit belt linear velocity is plotted against time in
the lower curve of Fig.6, which shows the time relationship
with the drum velocity. The exit belts 468 are accelerated
from zero velocity to load speed which continues in the
portion 484a of the curve, because the belts are maintained
at load speed during printing of a first sheet as there is no
sheet to be dried at that time. After the first sheet has
been printed, it is unloaded from the drum onto the belts 468
driven at load speed corresponding to drum surface velocity.
When the first sheet is fully detached from the arum, the
belts 468 start to decelerate from load speed along the
portion 486 of the curve until they reach a desired drying
velocity, for example, one of the velocities represented by
portions 487a, 487b, 487c and 487d of the curve.

Whilst the belt is moving at the selected velocity, the
printed sheet is held against the lower run 468a of the
belts by vacuum applied to vacuum plenum 22a (Fig.2) and
passes between the run 468a and dryer 464 to be dried.

When the sheet reaches the end of the run 468a, it is
detached from the belts to be received in bin 14 (Fig.l).
After the second sheet is printed, the belts are accelerated
along the portion 488 of the curve until they reach load
speed again at portion 484b of the curve, ready for the
unloading of the second sheet.

Instead of, or in addition to, thermal dryer 464, which
may be a hot platen, hot roll or lamp, a microwave dryer 466
(Fig.7) may be provided.
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The operation is repeated as often as necessary.

A programmable microprocessor 300 (?ig{3A) has its

~ outputs connected by output bus 100 to output ports 110, 111,
112, 113 and 114, as well as output port 470 (Fig.2). Input
ports 104, 105, 106 and 107 are connected by input bus 102 to
the processor 300. Output port 111 supplie& signals'over
lines 84a, 13la and 14Q§,tb therdrum moforxand'sefvo

assembly 62; from which signais,afe,supplied over lines 116
and 210 to input port 104."0ﬁtpﬁt port 112:p;ovides signals
‘over lines 194 and 196 to a TPT servo assembly 264 (Fig.1)
forming part of the array transpott”System 250, The assembly
264 in turn provideé input -signals Qver'lines'zoz, 204, 206
and 208 to input port lds;r'Selected inputs énd;outputs of
input port 107 and output port 114 are,céupled to an
operator's panel 245 (Fig.8) Which includesrdisplay 230,
ten-key pad 24337, start key 30A, andrstoé—resétrkey724lA.

The output port llBisupplies:signéis over lines 124,
150, 152, 158, 160 and 170 to vacuum control 19 (Fig.19).
Input signals are supplied over lines 220 and 222 to input
port 106, and additional input signals are,Suppliedjéﬁer line
212 to input port 104. The Qutput port7113 aiéo supplies an
open gate signal from the microprOCeSéoi 300'6n 1;n¢'120 to a
solenoid (not shown) to dpen thé—gate 28 (Fngl)1 Input
signals from the start key 30A, the stop—réset key 241A and
the ten-key pad 2433 are supplied over lines 30, 241 and 243,
respectively; to the input port 107. '

Output portrlll is coupled by line 84a to an
accelerate-to-load-speed éircuit,84., Ci;cui£;84'producesran
acceleration waveform to drive mbtpr 60 of assembly 62 from
stop to load speed;rrThe output from ciréuiti84 is applied
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over a line 90a to a switch 90, which in the absence of a
signal over line 98 from a load-speed detector circuit 91, is
in a one state. 1In this one state, the output of circuit 84
over line 90a is applied over line 90c through a power
amplifier 92 to motor 60. Amplifier 92 is effective to
convert the voltage input signal to a drive current. As a
result of a signal from the microprocessor 300 on line 84a
calling for acceleration from stop to load speed, motor 60
accelerates drum 10 from stop to load speed as shown in the

portion 70 of the upper curve of Fig.6.

Motor 60 is coupled to a tachometer 95 which provides a
signal to the load-speed detector circuit 91 and to a
load-speed servo circuit 96. Circuit 91 is switched into
operation when the pulse rate from tachometer 95 is within a
'specified percentage of the desired load speed. When the
pulse rate enters the desired frequency band, circuit 91 is
- effective to change switch 90 from a one state to a zero
state. When in the zero state, switch 90 connects the output
of load-speed servo circuit 96 over line 90b to line
'909, In the absence of a signal on line 98, switch 90
switches back to its one state. Accordingly, when actuated
to the zero state, switch 90 applies the output of load-speed
servo circuit 96 to power amplifier 92. When drum 10 has
reached load speed, a signal is supplied over the

drum-at-speed line 212 to port 104 of microprocessor 300.

Tachometer 95 provides an input signal on line 116,
which occurs once per drum revolution and indicates a
specific rotational position of drum 10. More frequent

pulses are produced by tachometer 95 on tach line 210, which
are also applied to input port 104.

eV
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Output port 111 is coupled by line 13la to an
accelerate-to-print-speed circuitﬁl3l, which produces an
acceleration waveform to drive motor 60 from “load speed to
print speed. The output from circuit 131 is epplied'over
line 134a to a switch 134, which in the absence of a signal
over a 1ihe 139a, is in a'one,State; pIn this one state,
the output of circuit 131 over line 134a is applied over
line 90c through the power amplifier 92 to motor 60. As a
result, motor 60 accelerates drum 10 from load speed to print

speed, as shown'in'porticnp74 of the upper'curve'of Fig.6.

Tachometer 95 provides a signal to a print speed
detector circuit 138 and to a'prihtVSPeed'servo'circuit 140.
Circuit 138 is switched into Operetion when the pulse rate
from tachometer 95 is within a spec1f1ed percentage of the
desired prlnt speed When the pulse rate enters the desired
frequency range, circuit 138 is effective to provide an
output over line 139 to aﬁ AND circuit 141. The other input
to AND circuit 141 is from an'inverter 142 supplied with a
signal from output port>111 over 1ine 1l46a when 7
deceleration to load speed lS called for. in the absence of
a signal -on line 146a, the AND c1rcult 141 passes the
signal on llne 139 from detector c1rcu1t 138 to line 139a
to change switch 134 from a- one state to a Zero state. hen;,
in the zero state, switch 134 connects the output of print
speed servo circuit 140 over line 134b to line 90c and
power amplifier 92. As a result of a signal from the .
microprocessor 300 on line 131a calling for acceleration
from load speed to print speed, the drum 10 of,the'system is,
brought to print speed, as shown in portion 72 of the upper
curve in Fig.6, and printing may begin. A signal to this
effect is supplied to the,micropfocesSor 300. '
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The line 146a from output port 111 is also connected
to a decelerate-to-load-speed circuit 146, whose output is
connected by line 90a to switch 90. As a result of a signal
from microprocessor 300 on line 146a calling for
deceleration from print speed to load speed, the circuit 146
is effective, through switch 90, to provide a deceleration
waveform to amplifier 92. The signal on line 146a is
effective by way of inverter 142 to block AND circuit 141, so
that no signal is applied from detector circuit 138 to switch
134, In this manner, motor 60 and drum 10 are decelerated to
load speed, as shown in the portion 75 of the upper curve of
Fig.6. Load-speed detector circuit 91 and load-speed servo
circuit 96 then function in the manner previously described
to take over the drive of motor 60.

Microprocessor 300 (Fig.4) has additional input ports
346 and 348 and additional output ports 342, 344 and 450
connected to buses 100 and 102 respectively. Output port 342
supplies enabling and reset signals from the microprocessor
300 over lines 350, 352 and 354 to leading-edge wetness
counter 358 and page wetness counter 360, both of which
output data relate to print density (one of the print
parameters). Specifically, the microprocessor 300 provides a
first inch enabling signal 384 (Fig.5) on line 350 from
output port 342 to counter 358. The signal 384 indicates the
time of the leading first inch of sheet 11 and is repeated
for every revolution of drum 10. Similarly, the
microprocessor 300 through the port 342 provides on line 354
to counter 360 a print-time enabling signal 386 (Fig.5),
which indicates the total print time for each revolution of
drum 10. The tachometer 95 provides to the microprocessor
300 through the input port 104 an index pulse 382 (Fig.5) on

line 116, which occurs just prior to the leading edges of



0025878

BO9-78-032 o 14

signals 384 and 386, which are COincident with the’leading
edge of sheet 11 as 1t travels under the prlnt arrays of
transport system 250 (Flg 1).

Count signals are'also applied'to counters,358aand 360
by way of lines 380 from a read onlY'storage'or memory 378.
Address data for memory 378 is prov1ded by Way of lines 374
from a print memory 372, which is as descrlbed in US
4,068,486. Print memory 372 also supplles data by way of
lines 374 to the remaindereof,system,15nghe data:on'lines
374 is applied as eight-bit parallelpaddress bytes from which
a direct indication at the print data density or blackness of.
the print may be derived. At each address, each one bit 1s77
considered a black bit, and the memory 378 sums within each
address the number of black blts. In thlS way ~the output on
lines 380 is a direct indication of the count of the black
bits and is applled to page counter 360 -and leading-edge
counter 358. The outputs of counters 358 and 360 are applled
by way of lines 362 and 366, .and 1nput ports 346 ‘and 348,

respectively, to the 1nputpbus 102 to micro-processor 300.

Counters 358 and 360 are reset after prlnt tlme s1gnal
386 on line 354 has gone down by a reset 51gna1 from output
port 342 of mlcroprocessor 300 on line 352. The low orders
output of counters 358 and 360 output ports 344 and 450
(Fig.7) provides control’and;driVing signalsfﬁor'aipower
control 460 for dryers 464 and 466. The amount of energy
supplied by dryer 464 is controlled'by data prOvided'byrthe
microprocessor in accordance with detected print parameters;
including signals from input ports 346 and 348, Wthh data is
provided through output port 450 on lines 452a and applied
through a ‘digital-to- analog converter. 454 the analog output
of which is applied’ by line 456 to ampllfler 460a.r The.
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analog signal on line 456 is gated through amplifier 460a
by an enable signal on line 356a from output port 344 to
produce on line 462 an energizing signal for thermal dryer
464.

The duration of energization of microwave dryer 466 is
controlled by data provided by the microprocessor 300 in
accordance with detected print parameters, including signals
from input ports 346 and 348 (Fig.4), which data is provided
through output port 450 on lines 452b to a read only store
or memory 460b in the form of four address bits. An enable
signal is applied to memory 460b from the output port 344
of microprocessor 300 by way of line 356b. In addition
clock signals are applied by way of a counter 460c to
memory 460b, which may be a conventional 256 x 1 read-only
memory in which data stored provides a look-up table to
convert a four-bit binary value on lines 452b into a
proportional time signal on line 462a to dryer 466. Memory
460b requires eight bits of address, four bits of which are
supplied through lines 42b. The remaining four bits of
address are cycled through by counter 460c. In this way
the signal on line 462a is active to energise the dryer 466
for N/16 of the time, where N is the value on lines 452b.

By variation of the value N, the duration of the active state
of microwave dryer 466 may be varied as desired.

In order to determine the drying effect on sheet 11 as
it spins on drum 10, the ambient humidity is detected by a
dry-bulb detector 388 (Fig.9) and a wet-bulb detector 404.
By using ambient humidity as one of the print parameters,
system 15 efficiently controls the drying of ink printed on
sheet 11. Signals from detectors 388 and 404 are fed to

respective amplifiers 390 and 406 whose outputs on lines 394
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and 408, respectively, are fed to analog-to?digital
converters 392 and 410. Digital signals from converters 392
and 410 are applied through input ports 400 and 402 to input
bus 102 and then to microprodessorr300,7for use by the latter

in controlling drying.

Another print parameter which may be used in control of
drying is the drying characteristics of the ink being used.
An ink bottle 414 (Fig.1l0) has external bands 416,:417, 418
and 420, any of which may project or not project to provide a
code to indicate the drying characteristics or specifications
of the ink contained in the bottle. Bands 416, 417, 418 and
420 correspond to binary weights 1, 2, 4 and 8,
respectively. The presence or absence of a projectng ridge
on bands 416, 417, 418 and 420 is.detected by>microswitches
424, 426, 428 and 430, respectively which control the
potential on weighted lines 436, 438, 440 and 442,
respectively, by connecting or not connecting to ground line
432 individual weighted lines, each of which‘is connected
through a resistor to a voltage source 434. The weighted
lines are coupled through input port 444 to the input bus 102

of microprocessor 300.

In the example shown in Fig. 10, bottle 414 provides
drying level information corresponding to the binary value of
13, because the bottle has projecting ridges on bands 416,
418 and 420. Tt will be understood that bottle 414 with
associated ridges may be entirely moulded of plastics

material.

Block diagram (Fig.ll) shows the physical implementation
of part of the microprocessor 300, busses and. input and
output ports. Microprbcessor 300 has, as well as output data
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bus 100 and input data bus 102, an eight-bit address bus 306
and a control strobe line 370. Address bus 306 allows
microprocessor 300 to address up to 256 input and output
ports. Typical output ports are in the form of latches, such
as four bit latches 334 and 338 and eight bit or paired four
bit latches 336 and 340. Typical input ports are in the form
of AND gates 318, 320 and 322. Signals on the address bus
306 are decoded by gated decoder 314 by a control strobe on
line 370 and the gated decoded address signal used to set the
appropriate latches of the output port in accordance with
data information on the bus 100. Signals on the address bus
306 are also decoded by decoder 312 and the decoded address
signal used to enable the appropriate AND gates of the input
port, so that data information is supplied to the bus 102.

To extend memory address space, a gated decoder 316 is
provided to control the addressing range of an extended
address functions decode block 332. Furthermore, a power-on
reset latch 324 is provided that is set whenever the power is
brought up on system 15by master power on switch 80. Latch
324 resets all the output ports of microprocessor 300 when
the latch 324 is reset by way of line 224,

The operation of copier system 15 will now be described
with respect to the control and sequencing for the sheet feed
and drum transport assembly 17, exit assembly 465, dryers 464
and 466 and array transport system 250. A high level program
code listing for microprocessor 300 is set out in sections at
the end of this description and is written in a structured
format understandable by those of ordinary skill in the art.
For executing the code, microprocessor 300 may be an I/0
processor used with the IBM Series I computer.
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Ihitialize

The operation starts with an initialization sequence
(section 5) to start system,15. - A master power-on switch 80
(Fig.3B), is actuated and INIT (section 5.1) is accessed. The
first operation is a reset'signaliin line,224 app1ied to
POWER ON RESET (POR) latch 324 (Fig. 11). At this time, a
COPY REQUEST flag is also reset. In the next step, turning
on the MAIN POWER RELAY brings up line 201 (Fig.3A). The
code drops through another entry, INIT1 (section 5.2) which
is entered after handling anrerror, such és;arjam. This is
the location the code would enter after a jam has been
cleared. 1In the first step,or,IﬁITl, a reset signal is
produced from output port 344 (Fig.i) on line 356a to turn
off thermal dryer 464. One reason for turhing off thermal
dryer 464 is that in the event of an error, with system 15
having to be opened up to take a sheet 11 out, it would be
unsafe to have the dryer in a heated state. In the next
step, output port 470'(Fig.2)'produ¢es on lihes 47273 signal -
to cause variable-speed motor 478 to run at full speed so
that the belts 468 travel at the same lineai'velocity as the
load velocity of the drum 10. - ' '

Thereafter all the ERROR FLAGS are reset and the NOT
READY LIGHT is turned on; it remains on until system 15 is
brought up to usable conditioh—-a procedure that takes some
time. Next, the function utility routine reset panel (RSTPNL
- section76.l) is called. This routine brings the operator's
panel (Fig.8), back to power—onrconditiong The COPY REQUEST
COUNT is set to 1 and applied to display 230. " '

Thereafter, the PROFILE COMPLETE FLAG (section 5.2) is
reset. This is a software flag that is turned on after a
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successful profile of the system is made. This is effective
to force the profile routine (section 21) to be run during
the initializing phase. Also reset is LOAD ADJUST FLAG,
another software flag that will be set when paper 11 has been
successfully loaded on drum 10. Meanwhile, a nominal load
time of 152, corresponding to 214 degrees of rotation of the
drum 10, is set into variable CALCLOAD. If the HEAD UP FLAG
is off, then a subroutine called INKUP is run. INKUP
(section 6.5) brings up all of the pressures in the ink lines
and checks all of the levels in the ink system. If this is
successful, the HEAD UP FLAG is set, with return to the main
program flow.

The initialize routine (section 5.2) then turns off the
NOT READY LIGHT, and the system proceeds to the IDLE routine
(section 8) unless the COPY REQUEST flag is on. If this is
an error-handling case, the RETRY routine (section 5.3) is
executed, and an error light is illuminated in display 230.
The operator may then clear the jam, and he has two options.
In the first option, he may actuate the reset key 241 which
cancels the remaining copy run and causes a return to IDLE,
(section 8). As a second option, the operator may actuate
the start key 30 or master power-on switch 80 after clearing
the jam. The code at STARTIT (section 9) is then executed.
The run is continued, and the required additional number of

copies are made so that the total number is correct.

The IDLE routine (section 8) waits for the operator to
request copies from system 15. This is the normal idle state
of system 15. As the first step, the COPIES COMPLETE flag is
set to zero, and the NO USE TIMER is reset to zero. A
DOUNTIL loop is then entered and continued until there is a

closure of start key 30 or a closure of reset key 241 or
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until any ERROR FLAG comes on or COVER INTERLOCK OPEN is
set. Ten—key'pad 243 is then;integ%ated,>which means that
the system takes several Successive"samples for noise
rejection. If the semples are thereame,ithe:the switch on
pad 243 is actually closed. Thereafter, display 230 is
updated with anything that has been keyed in;, Anrintegration
of switches takes place, and,if'therecis;anyepaper in the
path anywhere (there should be no paper in system 15 other
than in the input bin during IDLE), ERROR FLAG 1 is set.
Furthermore, other switches afe,also integrated, and the
normal way out of this routine is STARTIT, (section 9).

In the STARTIT routine (section 9), a COPY REQUEST flag
is set and remains on untll the run is completed '
successfully. The DONE FLAG is cleared unt11 the last copy
is run. As the next step, energizing s;gnals are,applled by
-way of vacuum motor 1i§e'226;(Fig;3B)‘and transport motor
line 228 from output port 114. Digital signals from output
port 450 (Fig.7) are applied by way of lines 452a to DAC
454, which produces a resultant analog signel on 1ine 456.
This analog signal is applled to power control 460 which
controls thermal dryer 464 t0 a preheat value so that dryer
464 starts to,warm up. —In,addltlon( output port 470 produces
on lines 472,a,fu11'speed signal which is effective to set
speed control 474, so belt 468 runs at the same linear
velocity as the load velocity of the drﬁm 10, as shown in
portion 70 of the upper curVerin Fig.GQ Furthermore, output
port 344 (Fig.7) provides a signal on line 356a to gate the
amplifier 460a of power control 460, so that the previously
generated signal oneliner456,israpplied byrccntrol 460 over
line 462 to dryer 464 to start dryer warmup. ' If the PROFILE
COMPLETE FLAG is off (it will always be off for the first
copy of the day),'therPROFILEVroutineflsectionf21) is called
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in order to characterize system 15 and to determine the
existing running values of the critical parameters during a
nonprinting cycle. These actual running values provide a

profile and they are stored and used during the subsequent
printing cycles.

Profiling of Drum and Transport

The PROFILE routine (section 21) calls a subroutine
STP2LOAD (section 6.9) to bring drum 10 up to load velocity
with a minimum of checking, since this is not a critical part
of the cycling. It will be understood that the status here
is non-critical, as the routine indicates that TIMER is to be
set to 45 milliseconds. TIMER is loaded with a constant
representing 45 milliseconds, and there is a countdown once
every 125 microseconds which produces a delay of 45
milliseconds. 1In the next step of the listing, a signal is
raised on line 84a (Fig.3A) to the accelerate to load speed
circuit. This accelerates the drum 10 from stop to load
speed. A DOUNTIL loop is then performed until the TIMER
counts down by MSTIMER (section 6.2) to zero or until a DRUM
AT SPEED signal is applied to input port 104 by way of line
212 (Fig. 32).

In the MSTIMER routine (section 6.2) every time
oscillator line 220 (Fig.3A) to input port 106 changes there
is an update in TIMER function, which is a count in one of
the registers in microprocessor 300. If oscillator line 220
has changed, TIMER is updated, and if it has not changed, the
program returns to the main program flow. The MSTIMER

routine tracks line 220 as long as these calls are not too
far apart.
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After each call of MSTIMER,rthe program responds to the
value of TIME and the DRUM AT SPEED'Iine 212. Two events can
brlng the program out of this DOUNTIL loop. The first event
is that TIMER reaches zero before drum 10 has reached load
speed, which 1ndlcates that there is a defectlve drum. In
that event, ERROR FLAG 2 is set, and an error—handllng
routine is called. In the second event the DRUM AT SPEED
line 212 (Fig.3A) prov1des a signal before TIMER equals zero,
which indicates that the drum has accelerated in a
satisfactory manner. In the secondfevent, the program
returns to the caller, and the PROFILE routine is returned
to. Assuming the second event, in the next step of the
PROFILE routine, another routine called check load velocity
(CKLDVEL) (section 6.11) is called. 'Thisrroutine ensures
that, after the drum accelerates'from stop segment to load
speed, drum 10 is actually stabilized at an acceptable load
velocity, so that paper may - ‘be loaded.

After that the program returns torPROFILE (section 21)
and sets TIMER to 257 milliseconds. This is a little over
one revolution of drum 10 at load velocity. If aﬁ'index
pulse is not present on line 116, therefis,no'reference to
the position of drum 10. Accordingly,[TIMER is set to a
value of one second representlng more than the time of one
revolution of drum 10, and another DOUNTIL loop is executed
until TIMER is at zero or an INDEX FLAG is seen. MSTIMER
(section 6;2) is called to count down the TIMER, and GETPULS -
(section 6.3) is caliedoto'track tachometer 95,

IN GETPULS (section 6.3) an INDEX FLAG is first reset,
and the signal on tachometer line 210'is received as is INDEX
PULSE on line 116 to input port 104. If the INDEX PULSE, is
.on, the INDEX FLAG is set, and then the TACH COUNT is zeroed
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to prevent accumulative errors. If the INDEX PULSE is not
on, then TACHOMETER readings are compared, and if the
TACHOMETER reading is the same as the last sample, then the
program returns to the caller. 1If the TACHOMETER reading is
different, then TACH COUNT is incremented, and there is a
return to the main program. It will be understood that, on
the average, GETPULS must be called at least once during each

tach pulse so that none of these pulses are missed.

The PROFILE routine calls GETPULS the first time it is
going to correct the OLDTACH flag and may make one erroneous
count. However, after that, the first time an index signal
is detected on line 116, locking into the correct count
occurs, and thereafter the correct count is kept. If the

program comes out of the DOUNTIL and TIMER is not zero, then
the index is working correctly.

In the next step, LD2PRT (section 6.10) is called. This
brings drum 10 up to print velocity from load velocity. The
acceleration between these velocities, as shown in portion 74

of the upper curve of Fig.6, is a critical parameter of
system 15.

In the LD2PRT routine, TIMER is set at 700 milliseconds
as a safety timeout. Accordingly, when this routine returns
to the main program, whatever is left in TIMER is a measure
of how long drum 10 actually took to get up to print speed.
This residual of elapsed time is arithmetically converted in
the processor 300 and is stored as ACCTIM (accelerate time),
which is an existing running value of a critical parameter
determined during this non-printing profile cycle. After
TIMER setting, any signals on lines 84a and 146a (Fig.3A)

are dropped and a signal raised on line 131a to the
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accelerate to prlnt speed c1rcu1t 131 : The drum is
accelerated from load ‘speed to prlnt speed and a DRUM AT
SPEED signal applled on llne 212.

To check whether the index pulse on index line 116 is
present at high speed, TIMER is set at 33 milliseccnds,,which
is one millisecond more than the time taken for a full
revolution of drum 10 at print velccity.r The routines
MSTIMER and GETPULS are called in the manner previously
described, and a DOUNTIL loop is performed also in the manner
previously described. The results determlne whether the
index pulse is bccurringsproperly at the des1red,h1gh speed.
Additionally, printhvelccity CKPRTVﬁL (section 6;l2jris |
checked. This routine times'the interval between two
- successive index pulses to ensurerccrrectrprint speed.
CKPRTVEL (section 6.12) is similar,to,CKLDVEL (section
6.11). As a result of the higher,speed, the resolution is
not quite the same, so that instead of timing'eight I
tachometer pulses on line 210, the tlmlng is from 1ndex to

index~-which comprises 256 tach pulses.

In the PROFILE routine, the next step 1nvolves drum
deceleration to load speed This subroutlne determlnes (l)
how long it takes to decelerate and (2) how far around the
surface the drum 10 moves durlng deceleratlon. For reasons
later to be descrlbed,rthe distance value,lsrpreferablertcr
that of time and is accomplished by starting deceleration at
the same time as the index 51gna1 on 11ne 116 (Flg 3A). The
routine then determlnes how many revolutlons plus how many
TACH COUNTS it takes to decelerate drum 10. until the DRUM AT,
SPEED signal on line 212 again occurs, 1nd1cat1ng that the
drum is at load speed. These two measurements,are,1mportant

in determining whetherrtherefmay be'an'optimalrpoint of
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deceleration during actual printing. It is desired that
deceleration begin at such a time that the end of
deceleration coincides with the optimum time for paper
removal. Specifically this is accomplished by using the
index signal on line 116 as a reference for deceleration,
with the OVERFLOW COUNT (a number in a register in
microprocessor 300) set to zero.

A signal is raised on the line 146a to decelerate to
load speed circuit 146 (Fig.3A), which causes drum 10 to
decelerate to load velocity. TIMER is set to one second, as
a safety timeout to prevent hangup. DOUNTIL is looped until
the DRUM AT SPEED signal appears on line 212 or TIMER is
zero. In the DOUNTIL loop, OVERFLOW COUNT tracks the number
of drum revolutions (which is the number of index signals
seen on line 116). In addition, by looking at TACH COUNT,
the fractional part of the drum revolution is calculated, so
that there is a precise indication of the drum position when
the DRUM AT SPEED signal is received. In this manner, at the
time of the DRUM AT SPEED signal, the revolutions in the
OVERFLOW COUNTER are known, as well as the TACH COUNT, and
calculation may now take place.

Accordingly, the actual values of the critical operating
parameters PLSTART and PLREVS will now be determined for the
profile. PLSTART is the desired place where the deceleration
should be started during the print cycle, and PLREVS is the
desired number of index pulses that should be seen during the
course of the deceleration. To release the paper at the
proper point, the DRUM AT SPEED signal should come up 109°
from the index signal on line 116, which is the optimum
deceleration. A signal to apply leading edge puff should

come up on line 152 at 80° from the index signal on line
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116 during that last rotation of drum 10. Thus, just before
DRUM AT SPEED at signal comes'up:at 109°, the puffer should
lift the leading edge of the paper SO that it w111 detach
from the drum. It should be noted that 109° actually

equals 77 tach pulses. In the calculation of deceleration
time, since TIMER started at one second} if one second is
subtracted from the value at TIMER end and the complement
taken, the result is the dedeleration’time (DECTIM) .

In the determination of PLSTART and PLREVS, the
reference point is effectively determlned The reference
point is the point from which deceleratlon should take place
in order to reach load speed at the proper position. It will
be understood that after profiling and in using the stored
critical parameters, if the print cyclé has not reached this
reference point, it is important that the cycle continue at
the higher print speed untll it reaches the reference
point--and only then should deceleratlon take place. This is
to be compared with undesirably startlngrdeceleratlon before
the reference peint and then—rotating at the slower load
speed until a proper release point is reached. The
preferable dperatioﬁ'istperformed in the PROFILE routine by
considering whether TACH COUNT is greater'thaﬁ'77 or less
than 77. If TACH COUNT is greater than 77, then 77 is
subtracted from 77. Otherwise, the TACH COUNT is subtracted
from 77, the resuit cbmpieméhted, and one,added to the
OVERFLOW COUNTER. The result is then stored in PLSTART and
the revolutions,ihrPLREVS. In this mannér, the point at
which to start deceleration in order to optimize printing is

now known.

CKLDVEL (section 6.11) is now called to check whether
load speed servo circuit 96 functions properly to maintain
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the drum at load speed. Drum profiling has now been
completed, and all of the drum critical parameters have now
been obtained.

The profiling of array transport 254 (Fig.l) of array
transport system 250, will now be described. Routine PRO3
 (section 21.1) may be entered in two ways. In the first way
entry is on the initial profile of the day. In the second
way, entry occurs when the cabinet of system 15 has been
opened or when transport 254 has been moved away from its end
stops. Opening the cabinet produces a signal on interlocks
line 222 (Fig.3A) to input port 106. Moving transport 254
away from the end stops prevents transport sensors (not
shown) supplying a TPT HOME or TPT AWAY signal on line 204 or
206 to input port 105. Such a signal would indicate end of
travel. During operation, either the opening of the cabinet
or the transport being away from the stops is detected in
routine STARTIT (section 9) and transport 254 is placed at

one end or the other before printing starts.

In PRO3 the home delay (HDLY) and the away delay (ADLY)
are calculated as described in the program listing. HDLY is
a critical parameter determined during this nonprinting
"cycle, the existing running value of which is equal to the
time difference between (1) the drum accelerate time to print
speed and (2) the time that transport 254 takes to accelerate
from the away end stop to the closest edge of the paper.

The six parameters that have now been determined with
respect to drum and transport profile may be summarized as
follows:
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1 ~ HDLY - this;is the delay at the home-end?that starts at
the time of command to accelerate drum 10 to print speed and
ends with the command for'transpOrt,254 to move away.

2 ~  ADLY - this is the'delay at the'aWayiend,that starts at
the time of command to accelerate drum 10 to print speed and

ends with the command forltranspcrt 254 tc_move:away.

3 ACCTIM - thlS 1s the tlme 1t takes to accelerate drum

10 from load veloc1ty to prlnt veloc1ty.rr

4 DECTIM - thls is the time it takes to decelerate drum
10 from prlnt veloc1ty to load veloc1ty._,',

5 PLREVS - thls 1s the number of tachometer 1ndex pulses

that occur during drum deceleratlon-—whlch termlnates at
109°. ' '
6 PLSTART - this is the TACHOMETER count to start drum

deceleration from print. veloc1ty to 1oad veloc1ty, when the .

drum reaches 109

All of the above are critica15operatiugsparameters.” A
critical operating parameter is defined fcrrpurpOSes herein
‘as a selected-one of the many operatlng parameters of system
15 that determines or 1s otherwise. materlal to the -
performance of the system. A profile’ taken of a critical
parameter is defined for purposes herein as a measurement of
the actual value of a cr1t1ca1 parameter preferably taken (1)
during the start of operation (or restart after an error) and
(2) during a nonprinting cycle,, Durlng such a nonprlntlng
cycle,,system 15 is fully functional, but- sheet 11 is not
moved and no ink,israpplied. itpwill,be understood that only
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critical parameters are measured during the nonprinting
cycle.

The STARTIT routine (section 9) is now entered, and the
PROFILE COMPLETE FLAG is first tested. Depending on the
manner in which STARTIT has been reached from the program
flow as shown in the listing, a profile may or may not be
performed in the manner previously described. Thereafter,
the routine determines whether both the sensors supplying
signals to TPT HOME and TPT AWAY lines 204, 206 are off--in
which case PRO3 (section 21.1) is called. RETRY COUNT and
COPIES COMPLETE are then set to zero.

The PICK routine (section 10), is now executed to remove
paper 11 from input bin 12. It can be seen that the correct
paper bin is selected for input of sheets 11. A CLOCK PICKER
command to PAPER PICKER provides a wait of 65 milliseconds
until there is a pull back. This command is then dropped,
and at that time a finger shoots forward and pushes a single
sheet of paper into the feed. After waiting 130
milliseconds, the paper should be under a paper entry sensor
which supplies a signal on line 234, (Fig.3B) to input port
107. 1If that line is not high, there is a picker failure,
which causes the RETRY COUNT to be incremented. This is
tried eight times and, if it is still not successful, the

ERROR FLAG 4 is set and the routine jumps to ERROR.

If there is paper at ENTRY, then the routine waits 250
milliseconds for paper 11 to move down the path into
proximity of paper gate 28 (Fig.2) where a paper gate sensor
provides a signal on paper gate line 236 (Fig.3B) to input
port 107, which signal indicates the presence of paper 11.

After this 250 milliseconds, the gate sensor is checked, and
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if it is off, ERRQR FLAG 4 is:set,'ﬁhich indicates a jam in
the input, since the paper reached the entry but did not
reach the gate 28. If no ERROR FLAGS have been raised, then
a sheet is at the gate, ready to be loaded on the drum 10.

The IL.OAD routiner(éection ii),'foiloWs;fin this'foutine,
the vacuum on the trailing edge ports in thefdrum is turned
off by a DROP T.E. VACUUM signal on line 170, (Fig.3a).
These ports are to be,closed so that there is additional
vacuum on the leading'edge ports of the drum: As the next
step, the index position ofrdrﬁﬁ 10 is to be located, as the
drum has been tufning and the index has not been tracked. -
Accordingly, the DOUNTIL iodp is executed, cailing'GETPULS
(section 6.3) until an index 51gna1 appears on line 116. In
this way, the index p051t10n 1s found - and TACH COUNT is

initialized.
| Paper Loading and Feedback:of'Paper Position

In the NEXT routine (section 12), the LOAD ADJUST FLAG
is set whenever a successful load has been accomplished. It
indicates that the time required forethe paper to get to the
correct paper position on rotatihg'drum 10 has beeh
determined. If that flag is reSet, it indicates that a
calculation has not yet been made} Accordingly, it is
necessary to set a tachometer count of 1527(re1ated to a
nominal load'time),'éorreSpOnding t07214° of drum rotation,
into a TEMP&register;iwhich is Qhe'of the program registers
in microprocessorVBOO.rrln conventional cppier systems, that
load time would be the constant 1oadatime,for the system. '
This time is calculated to be an effectiVe safe time in which
to open the paper gate of sheet feed ‘and transport assembly
17.  This safe time is not necessarlly optlmum, but is
calculated to get the paper safely on drum 10.
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On the other hand, if the LOAD ADJUST FLAG is set, the
TEMP register is loaded with a calculated load value
(CALCLOAD) . CALCLOAD is a variable defining a critical
parameter that is a predetermined calculcated time stored in
memory. A wait then ensues until TACH COUNT equals the value
loaded in the TEMP register. Until that time of equality,
GETPULS is called, which tracks tachometer 95. When that
time of equality arrives (TACH COUNT equalling the value in
TEMP), a pulse is produced on open-gate solenoid line 120 to
open the paper gate 28 in assembly 17, starting paper 11
towards drum 10. The drum continues to be tracked by the
next DOUNTIL until TACH COUNT equals 113. Accordingly,
GETPULS is called to update the TACH COUNT.

After the DOUNTIL loop is completed, if a sensor in
assembly 17 indicates that there is no paper on drum 10, no
PAPER ON DRUM signal appears on the sensor line 240 (Fig.3B)
to input port 107, because the paper has not arrived at drum
10. TEMP register is set to the TACH COUNT because, as long
as the paper still has not reached the sensor, TEMP is
updated with TACH COUNT for every pass through this loop.
When the paper arrives at the sensor, the last updated value
of the TEMP register remains in that register, which provides
an indication of time time paper 11 arrived. This allows the
determination of a new CALCLOAD that defines the actual
running value of a parameter related to the drum position at
the time of paper release., CALCLOAD is now loaded into TEMP
2, and CORRECT is set to a desired tach count, which is the

count at which the paper should have arrived at the sensor.

If TEMP is less than CORRECT, the paper arrived early,
and TEMP2 is added to half the difference between CORRECT
(the time it should have arrived at the sensor) and TEMP (the
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time it actually arrived at the'sensor), The difference is
~halved because the correction'is applied in a direction to
cause the paper to;arrive~1ate, If the arrival is toorlate,
paper 11 will not stick on drum 10, because the vacuum ports
of the drum will be undoveredrV Only half the error is added
in order to scale it so that the correctlon does not
inadvertently ‘become too great, resultlng in the vacuum ports
remaining uncovered after the paper,arrlves. .

On the other hand, if paper 1l 1s late at the sensor in
assembly 17, CALCLOAD is updated with TEMP2 less the
correction factor of TEMP minus CORRECT. ‘That is to Say,hthe
paper gate 28 in assembly 17 is opened earller {by the full
amount of the error) in the next loadlng. If the paper
arrives late it tends to uncover the,vacuum ports. It is
important to correct this quiokly by'thelfullderror amount,
so that the vacuum ports can be safely'coyered; In both
cases, the corrections arerstored'asfvariableVCALCLOAD.

After these calculatiohs,,the LOAD AD&UST FLAG is set,
since the time to open the paper gate has now been adjusted.
It will be understoodrthat the foregoihg'adjuStment of the
paper arrival time is accompllshed at load tlme. It is not
done during proflllng, since it is- not de51red that paper
actually be moved through system 15 into output bin 14 during
profiling. Thus, paper is not moved durlng the proflle:
process; instead this self-adjustment feature for the paper
operates during the first:copy cycle, i. e;, the first time
paper is moved through system 15. In thls manner, a feedback
adjustment of the paper position is prov1ded durlng the
actual copying process, rather than prior to the actual

copying process.
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The drop trailing edge vacuum signal on line 170 is then
dropped, causing vacuum to be directed to the trailing edge
ports, so that the trailing edge of the paper 11 will be
attracted when the paper reaches that point. Furthermore,
the open gate solenoid signal on line 120 is also dropped,
and an accelerate to print speed signal applied on line
131a to circuit 131 so that drum 10 accelerates up to print
speed.

Printing and Determining Print Parameters for Drying

The signal applied through port 470 (Fig.2), lines 472,
adder 473 and 475 to set the controller 474 to control the
speed of the exit belts 468, is derived from a lacation
memory in which one of a series of values can be set,
corresponding to load speed (portion 484a of the lower
curve of Fig.6) and drying velocities (portions 487a,
487b, 487c and 4874 of the lower curve of Fig.6). This
variable value DV is initially set to load speed, because
during printing of the first sheet 11, there is no printed
sheet to be carried by the belts 468, which are driven at
load speed so as to be ready to receive the first printed
sheet. During printing of the first sheet, a new value DV is
selected and set in memory, so that when the first sheet has
been printed and has been detached from the drum 10 onto the
belts 468 at load speed, the velocity of the belts 468 can be
changed to the selected new value DV while the second sheet
is being printed. The original value DV of load speed is
then set in memory. When the second sheet has been printed,
the belts 468 are accelerated to load speed, set by the new
value DV, and the sheet detached from the drum 10 onto the
belts 468. A new value DV is set and thereafter the belts
are decelerated to the selected drying velocity.
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As the drum 10 is acceleratlng the LOADl routlne,
(section 12.1) is executed. It will be understood that, w1th
drum 10 accelerating} thefproflle parameter HDLY or ADLY is
now used to determine whenrto start movement of transport
254. As previously described, drum 10 always takes longer tor
get to speed than moving. transport 254 takes to get to the
edge of the paper. It is necessary to have ‘a delay before
transport 254 starts,rso that ‘it does not get to the edge of
paper 11 too quickly. Accordlngly, TIMER is loaded with the
interval between start of acceleratlon of drum. 10 to prlnt
speed and start of transport 254 from stop 290 or 292, which
ensures that the drum reaches prlnt ve1001ty just before the
transport reaches: the edge of the paper.' This 1s 7
accomplished by 1oad1ng TIMER with HDLY, 1f the transport is
on the home end, or ADLY if the transport is at the away end.

The system now executes'the,acceleratetroutine,rACCEL
(section 13). A DOUNTIL loop is executedrnntii TIMER equals
zero. In the timinéllooprpreﬁiously described, GETPULS .
{section 6.3) contlnues to- track drum - 10, and MSTIMER
(section 6.2), contlnues to track 050111ator line 220. At
the time at which COUNTER is fully counted down, transport

254 is at rest and may now begin its acceleration.

Depending upon whétherptheltranSport isragainst theraway
stop or the home stop,'a'signa17is supplied from output port.
112 (Fig.3A) to. TPT move home llne 194 or TPT move away llne
196. B

Thereafter, TIMER is set to 250 mllllseconds, Wthh is a
safety delay to ensure agalnst system errors or ,
malfunctlons., Another DOUNTIL loop 1s then executed untll 7
sensor 51gnals on- both lines 204 and 206 are off, or, in the
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case of a malfunction, until TIMER is counted down to zero.
If TIMER counted down, then ERROR FLAG 5 is set and the
system jumps to ERROR, because start of print has not been
reached within an allowable time. If TIMER had not counted
to zero, drum 10 is up to speed as previously described,
transport 254 is at the edge of paper 11, and system 15 is
ready to print. It will be noted that the system detects
whether paper 11 has fallen off the drum 10 during drum
acceleration. Specifically, the paper on drum 10 is checked
by way of a photosensor signal on paper on drum line 240
coupled to input port 107. If paper 11 is still on drum 10,
then the PRINT routine (section 14) is called, or else an
ERROR FLAG 4 is set, which indicates loss of paper, and
system 15 jumps to ERROR.

In the PRINT routine, if the DRUM AT SPEED signal is not
on line 212 (Fig.3A), then and ERROR FLAG 6 is set, which
indicates that drum 10 did not get up to speed in time, and
the system jumps to ERROR. If the system does not jump to
ERROR, subroutine RSTWET is called (section 6.15) and as
shown in flowchart (Fig.12). This subroutine initializes the
wetness counters and computes drying constants Ks and Kd.
This subroutine is thus effective to initialize wetness
sensing before each cycle of printing. The subroutine starts
at block 500 (Fig.12) and in block 502, a pulse is produced
on reset line 352 (Fig.4) from output port 342 to reset
counters 358 and 360. In addition counters COUNTERL and
COUNTERP within processor 300 dedicated to leading edge
wetness (LEW) and page wetness (PGW) are initialized to zero
as shown by blocks 504 and 506, (Fig.12). A subroutine
LOADKK (Section 7) is called, which is shown in the flowchart
as block 508. This subroutine LOADKRK takes the signals
indicating the code on ink bottle 414 (Fig.10) from input
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port 444, to indicate the drying characteristics of the ink
being used. This code is set into,temporary register TEMPA.
The numeric value of TEMPA represents an ink'drYing time from
ink application until moisture content drops below a
predetermined threshold. In addition,rthe'dry bulb
temperature sensor 388 (Flg 9) and the wet-bulb temperature
from sensor 404, prov1de ‘signals through ports 400 and 402
that are stored in temporary reglstered TEMPQ and TEMPR,
respectiuely. Using these temperature values, the relatrve
humidity is found through well—known tables a55001ated with
sling psychrometers. The output of this table 1ookup is
placed in TEMPB. All of these parameters are used to
calculate a proper drylng constant K4, which may vary for
differing inks and for d;ffer;ng amblent,humldlty :
conditions. As described in section 7, the ink drying
constant in TEMPA is multiplied'by;the relative:humidity'in,
TEMPR_and is scaled by Factor Kx. The resultant value isr
then divided by the dry bulb temperature'in'TEMRQ, which is
effective torproduce a oonstantrKd that is usedpto_reduce the
wetness counts, LEw; PGW,'forreach ‘one drum revo1ution.
Spec1flca11y, Kd is 1ess than one and 1nd1cates the -estimated

amount of prlnt drylng on a s1ng1e revolution of drum 10,

The drying constant Ks is related to the amount of
drying that occurs during deceleration. :Thernumber of
revolutions of drum 10 performed by the drum during
"deceleration is found by leldlng DECTIM,thlch was obtained
during profiling, by the period of drum rotation at prlnt
velocity. The resultant number of revolutlons is then
multlplled by K4 to produce Ks. This value of Ks is used to
predlct how much drylng should occur durlng this period of
slowdown before sheet 11 exits from drum 10. '
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After execution of the subroutine LOADKK, two temporary
work registers, TEMPP and TEMPL, which are to be used in the
calculation of page wetness (PGW) and leading edge wetness
(LEW), are set to zero, as shown by block 510 (Fig.l1l2).
ALLOW DECEL FLAG is reset to zero, as shown by block 512
which indicates that deceleration is not allowed until sheet
11 has been dried sufficiently to ensure that it detaches
propexrly from drum 10. The thermal dryer 464 is set to
preheat power as shown by block 514 by signals through port
450 (Fig.7), lines 452, digital to analog converter 454 and
power control 460.

After execution of subroutine RSTWET, everything has
been reset or initialized, the required drying constant Kd
has been computed (using the print parameters, relative
humidity and the type of ink within bottle 414), and the
program returns to the PRINT routine (section 14).
Accordingly, a signal is produced from output port 114
(Fig.3B) that is applied by way of PRINTER ON line 238 to
ungutter the ink spray head on transport 254, to permit
printing to begin. REVOLUTION COUNTER is now set to zero,
and system 15 requires 224 revolutions of drum 10 to print an
entire sheet of paper 11. These revolutions are tracked in
the next DOUNTIL loop. At this point, a COUNT routine
(section 6.13) is called, to increment a count of COPIES
COMPLETE that was earlier zeroed. When COPIES COMPLETE
equals COPIER REQUESTED, a done flag is set, so that no more
sheets of paper 11 are fed. It will be understood that a
revolution counter is included in the registers of

microprocessor 300 and used as a microcoded counter register.

System 15 then returns to PRINT routine, (section 14)

and TIMER is set to eight seconds. This is a safety time-out
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to provide for a system error or malfunction caused by
transport 254 not arriving at the'opprife end of sheet 11.
The previously deébribedlDOUNTIL loop is perfbrmed until 224
revolutions are reached, at which time GETPULS (section 6.3)
is called and then (sequentiaily)'MSTIMER (section 6.2) is
called with the loop. 1In addition the subroutine GETWET,
(section 17.1) is also called. This GE?WET'subroutihe;is
shown in flowchart Fig.16 and is used to addumulate the
wetness counts'by summing the wetness data eVery rotation of
drum 10 during printing. The subroutine starts in block

530. The INDEX FLAG is tested in decision diamond 532 to
determine whether a;fullrpage revolution of drum 10 has been
accomplished,ras determined by afsignalron 1ihe'116'(Fig.3A)
from tachometer 95. If a full drum,revolution:has been made,
the INDEX FLAG has been set by index pulse 382 (Fig.5) on
line 116, and block 534 is entered;,,The contents of page
counter 360 (Fig.4), which contains the current'wet count,
applied by way of lines 366'thr6ugh]input port 348 to -
COUNTERP, is transferred to registér'TEMPQ. On the prior
pass through GETWET, TEMPP was set with the previousrwetness
count from COUNTERP. Accordingly, the amoﬁnt of wetness that
is accumulated on the drum in the last revolution of drum 10
is the value of ﬁhe'ptesent wetness count‘iﬁ>TEMPQ minus the
value of the previous wetness count in TEMPP. This
difference value is calculatéd and saved as new value in
'TEMPQ. Register TEMPP is set with the néwgwétness count from
COUNTERP, thereby initializing it”for thelnext calculation.
After register TEMPP has been initialized, as shown in block
536, signals 384 and 385 (Fig.5) are applied from output port
‘342 (Fig.4) by way of lines 350 and 354 to counters 358 and
360. The leading edges”of these signalé are,effective to
enable the counters. It will,be'ﬁnderstood,ihat the - 7
estimated page wetnhess has previously been:Set into register
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PGW, and this estimated page wetness is multiplied by the
drying factor Kd and register PGW set accordingly as shown
in block 538. 1In this manner there is an adjustment of the
accumulated page wetness for the amount of drying that is
occurring during each revolution of drum 10. In block 540,
the incremental wetness count of register TEMPQ is added to
the adjusted accumulated page wetness from PGW, and this new

value is set in register PGW, before return.

If the GETWET routine (section 17.1) is entered and the
INDEX FLAG is off, there is a jump from decision diamond 532
to decision diamond 542, which starts the GETLE subroutine
(section 18.1). If TACH COUNT, the count of tach signals on
line 210, is not equal to twentyfive then there is a return.
If TACH COUNT is equal to twentyfive, then blocks 544, 546,
548 and 550 are executed. In block 544, the trailing edge of
pulse 384 (Fig.5) is effective by way of line 350 to disable
counter 358, indicating that sheet 11 is past its leading
edge., Block 546 is now entered and the contents of leading
edge counter 358, which contains the current leading edge
wetness count, applied by lines 362 through input port 346 to
COUNTERL, is transferred to register TEMPM. On the prior
pass through GETLE, TEMPL was set with the previous count
from COUNTERL. Accordingly, the amount of leading edge
wetness that is accumulated is the present count in TEMPM
minus the previous count in TEMPL. This difference is
calculated and saved as a new count in TEMPM. Register TEMPL
is set with the new count from COUNTERL, thereby initializing
it for the next calculation. The estimated leading edge
wetness has been previously set into register LEW, and this
is multiplied by the drying factor K4 and register LEW set
accordingly, as shown in block 548. 1In block 550, the

incremental wetness count of register TEMPM is added to the
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adjusted accumulated leading edge wetness count from LEW,:ahd
this new value is set in register LEW, hefore return. Thus an
adjustment in the accumulated count of 1ead1ng ‘edge wetness
is made during the- latest revolution. '

If during PRINT (section 14) INDEX FLAG is set when the
program returns from GETPULS, the REVOLUTION COUNTER is
incremented by each index pulse'prdduceaeen line 116
(Fig.3a). At every ten counts of REVOLUTION COUNTER, a
series of checks arermade.f This is done by a case statement
which states that if a case is met, the listed action w111 be
performed. Accordingly, at every ten counts of the
REVOLUTION COUNTER, up to 210, reset sw1tch line 241 (Fig.3A)
which is coupled to input port 106, and interlocks line 222
(Fig.3B), which is coupled to input port 106; are examined.
If line 241 indicates that the stop-reset key 241A (Fig.8)
has been actuated, a DONE FLAG is*turned,on,'so that the copy
being printed is the last one. If a cover interlock has been
' opened, ERROR FLAG 7 is set, and the p;ogram goes to ERROR to
shut system 15 down. In similar manner, other checks are
made and other actionsrare executed when the REVOLUTION
COUNTER equals 1, 11, 21, 31'and every tenth'nuﬁber
thereafter, and equals 206, 208, 212 and 221, as set forth in
the program 1istihg. S ST

Control of Drying and Detach

When the REVOLUTION COUNTEReequals 220, (section 14) the
previously printed sheet 11'shou1d¢be past the microwave
dryer 466, if such is used, so that the dryer may be turned
off. This is accomplished by a reset Signal through output
port 344 (Fig.7) on line 356b to power control 460. It is
desired that belts 468 be at load speed at detach time, so
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that the previously printed sheet 11 may be ejected into bin
14 at load speed and the just printed sheet 11 may be
unloaded from the drum 10 onto belts 468 at that speed at
that time. Accordingly, a signal through port 470 on lines
472 is used to control speed controller 474 to bring belts
468 up to the required load velocity. When using a thermal
dryer 464, it is only necessary that, after sheet 11 has
passed the dryer, the dryer be maintained in its warm state.
Accordingly, a signal through port 450 on lines 452 is
applied to digital to analog converter 454 to power control
460 to maintain thexmal dryer 464 in its warm state.

When the REVOLUTION COUNTER reaches 224, the printer-on
command is reset, dropping the signal on line 238 (Fig.3B)
from output port 114. Accordingly, the heads of transport
254 are guttered when printing is completed, and the system
calls a SLOWUP routine, (section 15). 7

The SLOWUP routine is now entered to stop transport 254
and to decelerate drum 10. This routine uses two variables
of the profile specifically PLREVS and PLSTART. As
previously described, PLREVS is the number of index pulses
during drum deceleration--which was set to end at 109°.
PLSTART is the number of tachometer output pulses required to
start decelerating from print to load velocity. Accordingly,
PLREVS is loaded into COUNT, and PLSTART is loaded into
COMPARE. A DOUNTIL loop is performed until (1) TACH COUNT
equals PLSTART, (2) either TPT HOME line 204 (Fig.3A) or TPT
AWAY line 206 is up, and (3) ALLOW DECEL FLAG is on,
Previously in the RSTWET routine, paragraph 6.15, the ALLOW
DECEL FLAG has been reset, and thus the DOUNTIL loop is
executed at least once. The system thus waits for the

following three events to occur: (1) for the array
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transport 250 to reach either home,or;away end so that
deceleration of the transporf may begin, (2)'fbt the correct
count on tach line 210,'(Fig.3A),,so that'deceleration of
drum 10 may be started, and (3) for sheet 11 to dry enough
for the ALLOW DECEL FLAG to be set. ,Aécbrdingly, a GETPULS
routine (section 6.3) is called to increment TACH COUNT until
all three of these events occur. R '

If TACH COUNT equals COMPARE (PLSTART having been loaded
into COMPARE) and ALLOW DECEL FLAG is on, then the
microprocessor 300 issues a signal through port 111 (Fig.3A)
on line 146a to the'déceieraté to load speed circuit 146.
From the ptofiling, this is—ﬁhe timéfthatﬂhas been determined
as optimum for beginning of deceleration of drum-10.
Thereafter, if INDEX FLAG (set}from index line 116) is on, as
shown in block 560 (Fig.15), there is a_decrement in COUNT,
and subroutine DRYUP, }seétioﬁ,lQ;l) is called. Subroutine
DRYUP tracks the wetneSS:Whilerwaiting'for'deCeleratibn of
drum 10 to occur. As shown in blocks 562 and 564, during a
wait for deceleration therleading edgé'we£ness and the page
wetness are multiplied by the drying constanﬁ_Ké, so that
the resultant counts in LEW and PGW consténtly'deqrease in
value. A test is made in deCisioﬁ'diamond5566,of page
wetness count in PGW versus maximum wetneés Kw allowed for
permitting the paper to exit through thé—papérgpath; If PGW
is greater than Kvw thereriéra*réturn, If not, then in
block 568 the ALLOW DECEL FLAG is set. The DRYUP subroutine
is used for a very wet sheet 11, so that this sheet is
maintained on the drum for a number of extra rotations which
allow it to be handed and exited to the paper bath., It will
be understood that, ih'thé,éase,of'a'subétantialiy
ink-saturated (black)'sheet,rthe sheet'is limp and soggy and
should not'be passed,through'thé—ﬁaper path in ﬁhat'
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condition. The number of revolutions on drum 10 that the
sheet is subjected to is dependent on counting down PGW until
it is less than the predetermined value Kw. After all of

the above, three DOUNTIL conditional events occur, the system
comes out of END DOUNTIL, and both transport 250 and drum 10
are decelerating.

The next DOUNTIL calls GETPULS (section 6.3) and at each
index pulse on line 116, COUNT is decremented. At END
DOUNTIL, the COUNT is at zero and drum 10 is on the last
revolution. During this last revolution, it is desired to
puff the leading edge of paper sheet 11. Accordingly, a DROP
L.E. VACUUM signal is applied to line 150 (Fig.3A) through
output port 113,

The GETDET subroutine (section 20) is called to
determine the wetness of the leading edge of sheet 11, as the
leading edge may have dried to some degree in the previous
subroutine DRYUP. Three table-look-up tables (Fig.l4) are
provided, to correct the detach time in relation to beam
strength and corona. Beam strength of paper is its bending
stiffness. If flexed, a paper sheet will try to return to
its flat condition. When the paper is wet, it loses beam
strength. Corona refers to the charge on the paper that
causes it to stick to the drum. These consist of a power
table (PTABLE) 588, a velocity table (VTABLE) 586, and a
detach timing table 580. After start in block 570, as drum
10 slows down, LEW is modified, as shown in block 572, by
multiplying its value by Ks, which provides the scale for
slowdown time. The most significant four binary bits in LEW
are placed in register TEMPA (block 574), thus rounding the
count, and a table look-up is performed (block 576) using the

contents of TEMPA as an index into the detach timing table
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580. Depending on the rounded value of LEW, a value'iS'found
that determines the tachometer Qoﬁnt for start of detach. As
shown in block 576, this value is stored as the detach count
in register DTC.: The’overalirpage wetness'is then scaled for
the slowdown in block 578, PGW being multlplled by Ks to
scale overall page wetness. The most 51gn1flcant five binary
bits in PGW are placed in register TEMPA (block 582), so that
the value in PGW is rounded to properrlehgth for tabié'
indexing. A table 1ook—up is then performed (block 584) the
rounded value of PGW in TEMPA belng used as an index to
determlnera value of dryer,power from table 588, which value
is set into register DP. 1In block 590, the contents of DP
‘are applied through port 450'(Fig 7) along lines 452 to the
digital to analog converter 454, Whose output on 11ne 456 is
to power control 460, is effectlve to begin to 1ncrease
thermal dryer power to the proper drying level, if a dryer on
thermal signal is up on line 356a. o

In block 592, a table look-up is performed, using the
rounded value of PGW in TEMPA as an index in VTABLE 586. The
resultant velocity value is stored in regiéter DV to be used
later for controlling belts 468, éfter which a return is

made.

When TACH COUNT equals the detach coﬁntrin register DTC
(section 15), then the a?plyrleading—edgérpuff'signal is
brought up on line 152 (Fig.3A)'and'maintained'until drum at
speed signal goes up on line'212.j This occurs at
approximately 109° of revolution of drum 10. It will be
understood that it may not be exactly 109° , depending upon
the accuracy of the calculatlons and upon whether system 15
is changing with tlme.f GETPULS, (section 6.3) is called
until the drum at speed signal occurs on line 212. '
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At this point in the program, there is enough data
available from system 15 to permit a recalculation of PLREVS
and PLSTART, which are the profiling variables involved in
deceleration., Accordingly, RECALC routine (section 15.1) is
executed when line 212 comes up. The data in TACH COUNT (the
count at which the signal occurred on line 212) is set into
register now. Line 212 should have come up at 1090, if
nothing in system 15 had changed with time and if everything
had been correctly calculcated. Accordingly, if TACH COUNT
set into register NOW equals 77, equivalent to 1090, no
further calculations are performed. If the count in NOW is
greater than 77, this indicates that drum 10 has arrived late
at load speed, and routine LATE is called (section 15.2). 1In
this routine, there is a slight change in parameters to
perform a feedback function.

On the other hand, if the count in NOW is less than 77,
routine EARLY (section 15.3) is called. After these
calculations, a DONE FLAG is checked and, if it is set, the
system calls LASTOUT (section 16) which indicates that the
last sheet 11 has been run, and the copy is tracked to output
bin 14. System 15 returns to IDLE routine (section 8). 1If
the DONE FLAG is not set, system 15 goes to the NEXT routine
(section 12) which loads the next sheet 11 on drum 10 for a

multiple-copy run.

The LATE routine (section 15.2) indicates that drum 10
did not reach speed quite soon enough. Accordingly, PLSTART
and PLREVS are loaded so that they can be adjusted. It will
be understood that arriving late is more critical than
arriving early, since a late arrival may cause difficulty
with the detachment of sheet 11. On the other hand, an early
arrival means that the time to detach the sheet is
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lengthened. Thus, in'the,LATE rbutihe, therentire error is
subtracted from the existingivalues of PLSTART and PLREVS. A
new PLSTART is calculated, and if a borrow is required,

PLREVS is decremented. Follow1ng these calculatlons,r '
parameters PLREVS and PLSTART are stored. B

Since an early arrival only subtracts from the
performance of system 15 and is not as'Criticaljas a;late
arrival, the computation in the EARﬁY routine, (Section 15.3)
is the same as ln the LATE rcutlne, except that only half the
error is used as feedback The reason for this slow rate of
change in adding time -is to avord the pos51b111ty of an -
undesirable late arrlval. ' ‘ |

It will be underetocdrthatrtherrecalculatdOn:is only
with respect to drum 10, andlthereiis;ncfrecalculaticndwith
respect to transport 254. Since'trétSpcrt 254 is coming to a
stop, this ccndition iéjhoncritical;;beceuserit does not take
as long to. decelerate trahsport'254 as tt'does tordecelerate
drum 10. The transport stop time is for the information of
the service englneer and is not used in the operatlon of the
machine. As long as,such_stopetlme,;srw;thln operating -
tolerance, it does not effect the;perfcrmenceiofrsystemrlS.r

Continuation of Printing and Exit Belt'Contrcl

If it is assumed that the sheet 11 just prlnted was the
last (the requlred number of ‘copies are complete or the reset
key 241A has beenractuated),,LASTOUTVroptlne7(sect;on 16), is
performed. A time of 370 millisecohde is reqﬁiredfforjsheet‘
11 to be detached from drum 10. -
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In the first step of this routine, an output from
register DV through port 470 (Fig.2) is provided on lines 472
to speed controller 474 thereby to control speed of motor
478. In accordance with the value of DV, exit belts 468
stabilize at one of the drying speeds indicated by portion
487a to 4 of the lower curve of Fig.6. This is the last
sheet of a multiple run, and it is important to determine
when sheet 11 moves past dryer 464 and/or 466, so that the
increase in velocity does not take place before the copy has
been completely dried. Accordingly, while the last sheet 11
is under the dryer, a delay time is calculated equal to
4500/ (DV), where 4500 is a constant that yields a delay
sufficient to allow an eight-and-one-half-inch sheet to pass
the dryer for any value of DV. At the end of this delay
time, both the thermal dryer 464 and the microwave dryer 466
are turned off, as shown in block 516 (Fig.13), when the
signals on lines 356a (Fig.7) and 356b from port 344 are
" turned off. 1In addition, the exit motor 478 is increased in
velocity to load speed, a shown in block 518 (Fig.13), when

an appropriate signal is applied to line 472 (Fig.2) through
port 470.

If an exit sensor in assembly 17 is actuated, a REMOVE
COPIES light is 1lit in display 230. In addition, after one
second (for the copy to clear the exit path, the vacuum motor
on signal and TPT motor on signal through output port 114

(Fig.3B) drop on lines 226 and 228. System 15 then returns
to IDLE (section 8).

If sheet 11 on drum 10 is not the last copy, system 15
goes to NEXT (section 12) which is the routine that loads
paper. As previously described, a new sheet 11 is then

loaded, and a new print cycle in initiated.
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The ERROR FLAGSVere listed in section 22 and neet not be
described in detail. It is understood that after an ERROR
FLAG has been set, the ERROR ROUTINE is executed as set forth
in section 23. At this tlme dryers 464 and 466 are turned '
off for safety reasons.

In addition the PRQFILE COMPLETE flag isrreset, thereby
producing a new profiling. After an ERROR, and during -
possible repairs, a sensor may be changedein pdsition, or
other changes may be made to copler system 15 which requires
a new profiling. '

In a further embodimeﬁt of the invention (Fig.17), 
instead of drum 10, print belts 601 forming a horizontal flat
bed may be used. With load belts 600 and exit belts 602 in
juxtaposition with print belts 601 a flat horizontal
transport assembly is formed. It will be understood that the
belts 600, 601 and 602 are segmented belts similar to belts
13 and 468 (Fig.l). Conveying belts 600 ére:ehtrained,around
driving roll 600a and idle roll 600b, belts 601 are
entrained around driving roll GOigrand'idle roll 601b;

and belts 602 are entrained around driving roll 602a and

idle roll 602b. Rolls 600a, 601la and 602a .are drlven

by driving motors 608, 610 and 612, respectlvely.

It w111 be understood that sheet 11 remains flat for the
entire pass, which includes the pass under array heads 605,
and the entire printing is done in only one pass. In
operation, as sheet 11 comes out of a conventional paper
picker, it arrives at gete 615, where it waits until it is
loaded on load beitsVGOO. The print belts 601 provide the
same function as drum 10, and printing'is accomp1ished in a
single pass, thus requiring'a;substantial number of array
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heads 605. Motor 608 is controlled in a manner similar to
the motor driving roll 20 (Fig.l). Motor 610 driving roll
601la is controlled in a manner similar to the motor and
servo assembly 62 (Fig.3A) to provide desired loading,
printing and unloading speeds in accordance with print
parameters., As in the case of drum 10, in which the time
during which sheet 11 remains on the drum after printing may
be varied, the unloading speed of sheet 11 from print belts

601 may be varied, to ensure drying.

When sufficiently dry, sheet 11 is then unloaded from
print belts 601 and transferred to exit belts 602 driven by
stepping motor 612. A thermal dryer 606 is disposed above
belts 602, and sheet 11 is transported between the belts and
the dryer. Motor 612 and dryer 606 are energized and
controlled in manner similar to that used for motor 478 and
dryer 464 (Figs. 2 and 7).

Still further embodiments are shown in Figs. 18 to 22,
which illustrate differing dryer configurations. In Fig. 18,
rolls 464a and 464b are hot rolls, whose energisation is
controlled by a power control similar to control 460
(Fig.7). In this embodiment, the exit belts are segmented,
with a forward section 468b and a rearward section 468c.

In the embodiment shown in Fig.19, the thermal dryex is a hot
platen 464c having extended heat transfer surfaces spaced
from belt run 468a. Again, the energisation of the platen

is controlled by a power control similar to that in control
460. In the still further embodiment of Fig.20 heat is
produced by a fan 461 blowing over heating elements 4644,
with the drying heat then being directed through a conduit
46la over exit belt 468. Energisation of the elements is

controlled by a powexr control similar to control 460. Fig.21
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- illustrates wave guide 466a of'e microwave dryer; which
transmits the mlcrowave energy from a magnetron to the exit
belt 468 energisation of the dryer is timed by a power
control similar to that in control 460., F:Lg 22 shows the
combination of both a thermal dryer 464 and’ a microwave dryer
466 for the purpose of combining both types of heatlng as
prev1ously explalned :
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SECTION 1

CONTENTS

This listing consists of the high level description of the
code for a rotary drum printer coupled to a flatbed scanmner.
The actions dynamically to sense paper wetness and modify
machine information accordingly have been added to an

original code set identified by codes preceding new program
statements.

The code will support either a thermal dryer (a hot platen
or heat lamp), or a microwave dryer. Only one of these
dryer types would normally be installed at a time. However,
a microwave dryer being more power efficient could be
installed followed by a thermal dryer such that when the
limiting power of the microwave dryer has been reached, the
thermal dryer will take over the additional 1load with a
furthexr option of slowing the progress of the paper past the
dryer to decrease the power requirement for a given wetness.

The statements required to implement each of these options
have beed added and identified so that any subset of the
options can be implemented.

SECTION 2

CONVENTIONS FOR THE TEXT

Additions to basic code to add wetness feedback and
dryer control.

- Labels for wetness feedback and dryer control are in
the form <FXXXX*>

0025878
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-  Statements preceded by #*% %*T, %Y, or #**M have
been added to the basic code for this purpose or
‘modified as required. =

-  %%% - added for wetness 'contrblrregardless of dryer
type. i L '

-  *%T - added for control of thermal dryer omit for
microwave dryer. o .

- %*M - added for control of mlcrowave dryer, omit- for
thermal dryer

- %%V - added for velocity control under dryer
<TERM>

- Terms in <....> are rdutine names and are normally
the target of of GOTO or CALL statements.

(TERM)

- Terms in (....) are items addressed by the code such

as lights, regleters

- Terms 'isolenoids, flags, - etc.
These items may be addressed by code statements.

GOTO
- An unconditional branch to <...> label. NQ return
is implied. C
CALL

- A subroutine call to a <,..> label. Return is
normally to the caller, except when- an error
condition is detected and return is made to the
error handling routlnes -



SECTION 3

INPUT/OUTPUT LINES

TRANSPORT OUTPUT
move away
move home
DRUM OUTPUT
accel to load speed
load speed
print speed
#*%% DRYER OUTPUT
**M dryer on, microwave
**T dryer on, thermal
~~% dryer power
%V exit motor velocity (4 bits)
#%% WETNESS COUNTER OUTPUT
*%% reset wetness counters
*%% enable leading edge counter

#*% enable page counter

53

(356b)

(356a)

(472)

(352)

(350)

(354)

ey
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MISC OUTPUT
printer on
vacuum motor on
transport motor omn
reset por latch
main power relay
alternate péper'biﬁ )
scan light
lighter copy
darkér copy

PAPER PATH INPUT
entry sensor
gate sensor’
paper on drum>Senéqt
exit sensor

PAPER ?ATH OUTPUT
trailing edge vacuum offz
leading edge vacuum off

puffer

0025878

e
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gate solenoid
picker (main and alternate)
PANEL OUTPUT
error light
add-paper light
remove copies light
alternate paper light
lighter copy light
darker copy light
copy request display (3 7-segment LED's)
MISC INPUT
oscillator (changes each 125 micro seconds)
cover interlock open
TRANSPORT INPUT
at speed
home sensor
away Sensor

tachometer

55
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#%% WETNESS INPUT
*%% leading edge weiness counter
WA page wetnesé counter
*%% wetbulb teméérature

~%% drybulb temperature

(362)

(366)

(412)

(396)

0025878

%% ipnk bottle code  (drying time constant coded on the

bottle)
DRUM INPUT
at speed
tachomefef
index
PANEL INPUTS
ten key pad (calcuiator-type keypad)
start key o .
reset key
lighter copy switch
darker cop& éwit;h‘
“alternate paper‘switch

Section 4 is omitted and shown in Figure 8;
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SECTION 5

INITIALIZE

5 1 <INIT> ENTER HERE IF ( POWER ON RESET)

DO
- reset (COPY REQUEST) flag
- Turn on (MAIN POWER REIAY).

5 2 <INIT1> ENTER BERE FROM ERROR HANDLING ROUTINE

- %%% reset (DRYER ON, THERMAL) and/or (DRYER ON,
MICROWAVE)

- %%V set (EXIT MOTOR VELOCITY) to full speed
- Reset all (ERROR FLAGS).

- Turn on (NOT READY LIGHT).

- Call <RSTPNL>

- Reset (PROFILE COMPLETE FLAG).

-  Reset (LOAD ADJUST FLAG)

- set (CALCLOAD) to 152 (214 degrees)

- note: this is the nominal gate time for loading the
drum.
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- if (HEAD UP FLAG) is off, then call <INKUP>
- Turn off (NOT READY LIGHT).
IF (COPY REQUEST) flag is on, GOTO <RETRY>

else GOTO <IDLE>

5 3 RETRY

| <RETRY> DOUNTIL (START KEY) or (ﬁESET k)
integrate (START KEY)-and(RESET‘KEY)"
END DOUNTIL | |

- IF (START KEY) is active, GOTO CSTARTIT>

- if (RESET KEY) closes, GOTO <IDLE>

SECTION 6

UTILITY ROUTINES

6 1 RSTPNL

<RSTPNL> (clears the panel to the £é§etfstaté)
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DO
- set (COPY REQUEST COUNT) to 1
- update (COPY REQUEST DISPLAY)
-  turn off (LIGHTER COPY) and (DARKER COPY) lights
- turn off (ADD INK) light
RETURN

6 2 MSTIMER

<MSTIMER>This routine samples an osljllator on an input port

and updates the (TIMER) upon each oscillator change. The
oscillator changes each 125 micro seconds

input (OSCILLATOR)

IF (OSCILLATOR) is same as (LASTOSC), then RETURN to
caller

- else, decrement (TIMER) and set  (LASTOSC) to
(OSCILLATOR)

RETURN

6 3 GETPULS

<GETPULS> This vroutine tracks a vrotating drum using a
(TACHOMETER) having 256 changes per revolution. An (INDEX
PULSE) occurs once per revolution of the drum. Upon
detecting the (INDEX PULSE), the (INDEX FLAG) is set on and

the tach counter reset to zero to prevent accumulative
exrors.

0025878
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reset (INDEX FLAG)
input (TACHOMETER) and (INDEX ,PULSE)-

IF (INDEX PULSE) is on, then set (INDEX FLAG) on and
(TACH COUNT) to zero and RETURN ' :

else, if (TACHOMETER) is equal to (OLDTACH) then RETURN

- else, increment (TACH COUNT) and set (TACHOMETER)
into (OLDTACH)

'RETURN
6 4 STARTCE
This routine callsra,serigsifOf diagnostib,fests which are
not pertinent to this disclosure except that some -of the

tests print out the results of the profile measurements for
examination by the machlne serv1ce personnel.

65 INKUP

<INKUP> (brings up the ink system préSsﬁres and levels)

(this routine dis mot shown‘here as it is not pertinent to

the disclosure) except-for the following step... '
set (HEADVUP FLAG)

RETURN

6 6 - INKDOWN

<INKDOWN> this routine is not shown ‘here in detall since the'
only item that is pertlnent to this dlsclosure is.

reset (HEAD UP FiAG)
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RETURN
6 7 TPTHOME
<TPTHOME> this routine returns the transport to home end
with minimum checking
set (TIMER) to 8 seconds
IF (HOME SENSOR) is on, then RETURN

else, set (MOVE HOME) command to transport

DOUNTIL (TIMER) equals zero or (HOME SENSOR) is on
CALL <MSTIMER>

END DOUNTIL

IF (TIMER) equals zero, then set (ERROR FLAG 5) and GOTO
<ERROR>

- else, transport has reached home end ok.
drop (MOVE HOME) command to transport

RETURN

6 8 TPTAWAY

<TPTAWAY> This routine returns transport to the away end
with minimum checking.

set {(TIMER) to 8 seconds
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IF (AWAY SENSOR) is on, then RETURN ;
else,set (MOVE AWAY) cémmandto transport
DOUNTIL (TIMER) equals zeroio; (AWAY sEnSQk) is on ;
| GAIL <MSTIMER> : | | |
END DOUNTIL

IF (TIMER) equals zero, set (ERROR FLAG 5) and GOTO
<ERROR> SR -

- else, transport has reached away end ok

drop (MOVE AWAY) command to transpdrtf o
‘RETURN

6 9 STP2LOAD

 <STP2LOAD> This roﬁtine,acéeleratesrthe drum from a stop to
load velocity with a safety timeout ' : :

set (TIMER) to 45 msec.
set (ACCEL TO LOAD SPEED) command to drum
DOUNTIL (TIMER) eguéis‘zeroror (DRUM AT séEED) signal .
CALLV<MSTIMER>7rV | |
END DOUNTIL
IF (TIMER) equals zefo,rﬁhen set (ERROﬁrFiAG 2)7556 60TO
<ERROR> ' : s :
- ¢lse, drumﬁécceléféﬁed 0k

RETURN
62
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6 10 LD2PRT
<LD2PRT> This routine accelerates the drum from load spped
to print speed with a safety timeout.
set (TIMER) to 700 msec.
drop (ACCEL TO LOADVSPEED) and/or (LOAD SPEED)
raise (PRINT SPEED)
DOUNTIL (TIMER) equals zero or (DRUM AT SPEED) signal
CALL <MSTIMER>
END DOUNTIL
IF (TIMER) equals zero, then set (ERROR FLAG 2) and GOTO
<ERROR>
- else, drum accelerated ok
RETURN

6 11 CKLDVEL

<CKLDVEL> This routine uses a timed loop to check the
elapsed time for 8 tach transitions.

set (COUNT) to zero
set (LOOP) to zero

set (TACHOMETER) into (NOW)
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DOUNiIL (iAcHOMETER) is not equal to (NOW)
inéut (TACHOMETER)

END DOUNTIL

DOUNTIL (COUNT) eguals 8 (ﬁsing timed pfogramrloopi
set (TACHDMEIER)rintd (NOW) |

sample  (TACHOMETER) till (NOW)is not equal to
(TACHOMETER) while incrementing (LOOP) - for each sample

increment (COUNT) 7
IF (LOOP) is less than maximum ox morerthan minimum,;RETURN
else, set (ERROR FLAG 2) and GOTO <ERROR>

6 12 CKPRTVEL

<CKPRTVEL> This routine times the interval between two 7

successive index pulses to ensure correct print speeq.
DOUNTIL (INDEX‘PULSE)W B
set (COUNT) equal zero
input (INDEX PULSE)
END DOUNTIL
DOUNTIL (INDEX PULSE) (using timed program loop)
input (INDEX PULSE) |
incrementr(COUNT)

ENDDOUNTIL

64
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IF (COUNT) is less than maxumum or more than minimum, RETURN
else, set (ERROR FLAG 2) and GOTO ERROR

6 13 COUNT

<COUNT>
increment (COPIES COMPLETE)

IF (COPIES COMPLETE) equals (COPIES REQUESTED), then set
(DONE FLAG)

RETURN

6 14 INK SYSTEM CHECK

<INK SYSTEM CHECK> This routine is not shown here since it
is not pertinent to the disclosure. The main functions

IF (INK EMPTY SENSOR) is on, then set (ERROR FLAG 12)
and GOTO <ERROR>

IF (INK LOW SENSOR) is on, then light (ADD INK LIGHT)
RETURN
6 15 *%% *RSTWET*
*&%CMRSTWET#>  this  subroutine initializes  the wetness
sensing before each print cycle

*%% Raise and lower (RESET WETNESS COUNTERS) line

*%% Set (LEW) to zero
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%% Set (PGW)'to zefo

*%% CALL. <*LOAD *> Kd is the drylng constant for. one.
revolutlon and Ks for the slowdown perlod :

k% Zero (TEMPP),Work register for Page wetness

*%% Zero (TEMPL) work fegiéter fofﬁleading'édge wetness

Rk Resetr (ALLOW DECEL FLAG)

##T Output preheat value to (DRYER POWER) for thermal
dryer : - ’ ' '

*¥% RETURN

**T Qutput (DRYER ON)'forrthermalrdryeff

'SECTION 7

% KLOADKK®

66

ik <*1oadkk* loads (KS) and (Kd) with drylng constants

*%% set (TEMPA) to (INK BOTTLE CODE) drylng factor read
from bottlerr _

The (INK BOTTLE CODE) will be published as part of the
specifications for ink to be used in the machine. “Each -
numeric value of the code designates a range of drying -
time -where. drylng time is defined as the time from
appllcatlon - S o

of ink until it W111 no longer offset or smear and
until the moisture content is reduced below a threshold.

#¥% get (TEMPQ) to (DRYBULB TEMPERATURE) ambient
temperature input ' : ,

#i% get (TEMPR) to (WETBULB TEMPERATURE) input
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calculate relative humidity correction and set into
(TEMPB)

The relative humidity can be derived from the difference
of the wet and dry bulb temperatures in relation to the
dry bulb temperature. This can be derived by table look
up or calculated by algorithm.

*%% CALCULATE DRYING TIME ALGORITHM WITH ABOVE INPUTS

- Drying time equals ((TEMPA) * (TEMPB) * Kx) /
(TEMPQ)

Drying time increases with relative humidity and
decreases with elevated temperature. Constant Kx is

a scaling factor to scale the final output of the
equation.

#%% set (Kd) to output of algorithm rotation
correction

**% set (Ks) to ((DECTIM)/(PRINT ROTATION TIME)) * (Kd)

slowdown correction

(PRINT ROTATION TIME) is the period of drum rotation at
print velocity

atentate

-  %%% the value (DECTIM) was saved by the <PROFILE>
routine as a measure of the deceleration time of the
drum from print to load. This value is used here
to predict the drying that will occur during the
slowdown to detach the paper.

&% RETURN
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SECTION 8

IDLE

<IDLE> set (COPIES COMPLETE) to zero

-  The (NO USE COUNTER) performs a -reset of the profile
driven functions after an extended period of non-use

-  Reset (NO USE TIMER) to zero

DOUNTIL(START KEY CLOSURE), (RESET KEY CLOSURE) (ANY "ERROR
FLAG),or (COVER INTERLOCK OPEN) ’

Integrate (TEN REY PAD)

-  Update (COPY REQUEST DIS?LAYj
Integrate (PAPER BIN SWITCHES)

- TUpdate (ADD PAPER) and (ALTERNATE PAPER) lights
Integrate (PAPER PATH SWITCHES)

- If paper in path, set (ERROR ELAG,l)

- IF (STACKER EMPTY) switch is on, then turn off
(REMOVE COPIES) light -

Integrate (MODE SELECT KEYS)
- Update (LIGHTER COPY) and (DARKER COPY) lights
Integrate (START KEY),(RESET KEY),and (COVER INTERLOCKS)

- call <INK SYSTEM CHECK>
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Input (OSCILLATOR)

- if (OSCILLATOR) does not equal (LASTOSC)
-  then, increment (NO USE TIMER)

- if (NO USE TIMER) overflows

- then, reset (LOAD ADJUST FLAG), reset (PROFILE
COMPLETE FLAG), and set (CALCLOAD) to 152 (nominal)

END DOUNTIL
IF (RESET KEY CLOSURE), GOTO <RESET>
IF (ANY ERROR FLAG), GOTO <ERROR>
IF (COVER INTERLOCK OPEN), GOTO <OPEN>

IF (START KEY CLOSURE), GOTO <STARTIT>
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SECTION 9

STARTIT

<STARTIT> This roﬁtlné' brings ﬁp éll the machine functions
and calls for a profile if the (PROFILE COMPLETE FLAG) is
off and/or the transport is not in- the proper p051t10n.

DO
set (COPY REQUEST) flag on
Clear (DONE FLAG)
Turn on (VACUUM MOTOR) and (TRANSP&RT MOTOR) -
**T Set (ﬁRYER POWER) to preheat value.
**V Set (EXIT MOTok VELOCITY) to full (1o;d) velocity
#*T set (DRYER ON, THERHAL)i

IF (PROFILE COMPLETE FLAG) is off then CALL <PROFILE>,
else call <STP2LOAD>

-~ this code calls the profile upom the dinitial copy
run or after any error condition has been detected.
If no profile is required, <STP2LOAD> is called to
get the drum to load velocity C

IF (HOME SENSOR) and (AWAY SENSOR) are both off then
CALL <PRO3>

- this call returns the transport to correct start
point is it has been disturbed since the last
operation. -

Set (RETRY COUNT) to zero
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Set (COPIES COMPLETE) to zero
Display (COPIES COMPLETE) in (COPY REQUEST DISPLAY)
turn on (SCAN LIGHT)

We are now ready to load the first sheet of paper and
make a copy.

SECTION 10

PICK
<PICK> IF (ALTERNATE PAPER) 1light is on, then select
(ALTERNATE PAPER BIN)

else, select (MAIN PAPER BIN)

output (LIGHTER COPY) and/or (DARKER COPY) to scanner if
the respective lights are on

<PICK1> Output (COCK PICKER) command to (PAPER PICKER)
-  Wait 65msec.
Drop (COCK PICKER) command to (PAPER PICKER)
-  Wait 130Omsec. .
If (ENTER SENSOR) is off, then
Increment (RETRY COUNT)

If (RETRY COUNT) is less than 8, then GOTO <PICK 1>
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‘- else set (ERROR FLAG 4) and GOTO <ERROR> -

Else, the sheet ‘has béen picked properly and is in
the feed path. ,

- Wait 250msec.

IF (GATE SENSOR) is off, then set (ERROR FLAG 4) and
GOTO <ERROR> - ) )

- Else, paper has traversed the input path properly
and is at the gate ready to be loaded on the drum.

SECTION 11

LOAD

<LOAD> Pick'(TRAILING EDGE'VACUﬁH) solenoid
DOUNTIL (INDEX FLAG) is on

CALL <GETPULS>
END DOUNTIL

SECTION 12

NEXT

<NEXT> If (LOAD ADJUST FLAG) is off,'SEt (TEMP) to 152
(214 degrees) : ,

-  else, load (TEMP) with (CALCLOAD)
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DOUNTIL (TACH COUNT) equals (TEMP)

CALL <GETPULS>
END DOUNTIL
Pick (GATE SOLENOID)
- this action starts the paper onto the printing drum
DOUNTIL (TACH COUNT) equals 113 (160 degrees)
CALL <GETPULS>

- IF (PAPER ON DRUM SENSOR) is off, then set (TEMP) to
(TACH COUNT)

- Vhen the paper reaches the sensor, we will quit
updating (TEMP) and leave it containing the count at
which the paper reached the sensor.

END DOUNTIL
load (CALCLOAD) into (TEMP2)

13

set (CORRECT) to desired tach count for paper at
sensor to activate.

IF paper was early at sensor, store (CALCLOAD) with
(TEMP2) + (((CORRECT)-(TEMP))/2)

This applies half the error in the early direction
which is the most hazardous direction since it tends
to uncover the holes in the drum so that paper may
not adhere well.

IF paper was late at sensor, store (CALCLOAD) with
(TEMP2) - ((TEMP)-(CORRECT))

this applies the full error in the early direction
which is the safest move since it ensures that the
vacuum holes will be covered and the paper will
adhere.
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set (LOAD ADJUST FLAG) on

- with the load. adjust flag oﬁ,'gate time will e
adjusted according to the accumulated results of
actual loads. -

DROP (TRATLING EDGE VACUUM) solenoid
Drop (GATE SOLENOID) |

Set (PRINT SPEED) command to drum

#xy OUTPUT (DV) to (EXiT MdToR VELOCITY)

~ %%V the exiting sheet is now entlrely on.the belt s0
it can now be slowed —

12 1 LOAD1

<LOAD1>IF (HOME SENSOR) is on, then load (TIMER) with (HDLY)
- Else, load (TIMER) with (ADLY)

We now have the timer loaded with fthé'interval between
the startup of the drum to print speed and the startup
of the transport from the stops so that the drum reached

print velocity just before the transport reaches the
edge of the paper
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SECTION 13

ACCEL

<ACCEL> DOUNTIL (TIMER) expires.
CALL <GETPULS>
CALL <MSTIMER>

END DOUNTIL

IF (HOME SENSOR) is on, then set (GO AWAY) command to
transport

- else, set (GO HOME) command to transport
Set (TIMER) to 250msec. (safety delay)

DOUNTIL (TIMER) expires or (HOME SENSOR) and (AWAY SENSOR)
are both off

CALL <GETPULS)
CALL <MSTIMER>

END DOUNTIL

IF (TIMER) has expired, then set (ERROR FLAG 5) and GOTO
<ERROR>

else, transport has reached start print point within the
allowed time.

IF (PAPER ON DRUM SENSOR), then GOTO <PRINT>

- else, set (ERROR FLAG 4) and GOTO <ERROR>
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SECTION 14

PRINT

<PRINT> IF (DRUM AT SPEED) is off, then set (ERROR.FLAG 6)
and GOTO <ERROR> }

#%% CALL <*RSTWET#> (initializes the wetness counters
and constants) : : :

Output (PRINTER ON) command. r(ungutter the head)
Set (REVOLUTION COUNTER) to zero

CALL <COUNT> (counts copies printed, sets (DONE FLAG)
if last.) ' ' ' ' '

It takes 224 revolutions to print an 8.5 x 11 inch page.
During the printing, certain values of the revolution
counter are recognized to sequence the next sheet into
the feed and/or the last sheet out of the feed in a
multiple copy run. ' ' N

Set (TIMER) to 8 secondg
DOUNTIt (REVOLUTIOﬁ COUNTER) eéuais 224
CALL <GETPULS> |
CALL <MSTIﬁER$
Fick CALL <*GETWET*> 'acc#hulate'ihe wetnéss c0unt$:

IF (INDEX FLAG) is on, then increment (REVOLUTION
COUNTER) : S

CASE
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(REVOLUTION COUNTER) equals 10,20,30,.......... 210 (even
tens)

- Integrate (RESET SWITCH) and (COVER INTERLOCKS)
-  Set (DONE FLAG) if (RESET SWITCH) closure

- Set (ERROR FLAG 7) and GOTO <ERROR> if (COVER
INTERLOCK) open

(REVOLUTION COUNTER) equals 206

- IF (DONE TFLAG) is off, then output (COCK PICKER)
command

(REVOLUTION COUNTER) equals 208
-  Drop (COCK PICKER) command
(REVOLUTION COUNTER) equals 212

- IF (DONE FLAG) is off and (ENTRY SENSOR) is off,
then set (ERROR FLAG 8) and GOTO <ERROR>

(REVOLUTION COUNTER) equals 220

-  %*M reset (DRYER ON, MICROWAVE) sheet should have
cleared dryer by now

- %% set (EXIT MOTOR VELOCITY) to full (load)
velocity

-  %*T set (DRYER POWER) to sustaining level (keep
it hot)

- IF (DONE FLAG) is off and (GATE SENSOR) is off, then
set (ERROR FLAG 8) and GOTO <ERROR>

- IF (EXIT SENSOR) is on, set (ERROR FLAG 10) and GOTO
<ERROR>
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this statement checks for jams in'the'oﬁtgoing sheet
on a multiple copy run. By this revolution, the
sheet should have long since cleared the exit.

- IF (BXIT SENSOR)'is on, set (ERRORVFLAGVIO) and GOTO
' <ERROR> . :

this statement checks for a prior sheet jammed in
the output on a multiple sheet run

- IF (PAPER ON DRUMVSENSOR) is off at 30 degrees or
330 degrees, then set (ERROR FLAG 9) and GOTO -
<ERROR> - - : .

END DOUNTIL
DO

turn printer off (gutter head)
GOTO <SLOWUP> |

SECTION 15

SLOWUP

<SLOWUP> This routine stops the transport and decelerates
the drum. The puffer is actuated at the proper time to
detach the paper just as it reaches 1load velocity at 109
degrees. - o ' T

DO
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load (PLREVS) into (COUNT)
load (PLSTART) into (COMPARE)

DOUNTIL (TACH COUNT) equals (PLREVS) and ((HOME SENSOR) or
(AWAY SENSOR)) is on and (ALLOW DECEL FLAG) is on

call <GETPULS)

*#*% IJF (TACH COUNT) equals (COMPARE) and (ALLOW DECEL
FLAG) is on, then set (LOAD SPEED) to drum

IF ((HOME SENSOR) or (AWAY SENSOR)) is on, then drop (GO
AWAY) and (GO HOME) commands to transport

IF (INDEX FLAG) is on, decrement (COUNT)

Fatad.

~%x% IF (INDEX FLAG) is on, CALL <*DRYUP*> wetness
countdown

END DOUNTIL

We now have both the transport and drum decelerating. The
transport will take care of itself from here to the stops,
but we must track the prograss of the drum to know where to
actuate the puffer and detach the paper.

DOUNTIL (COUNT) equals zero
CALL <GETPULS>
IF (INDEX FLAG) is on, then decrement (COUNT)

END DOUNTIL

when we reach here, we are on the proper revolution to puff
the paper, so at 90 degrees we will puff.

DO turn off (LEADING EDGE VACUUM)

*X% CALL <*GETDET*)> calculate detach correction for
wetness
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*%% DOUNTIL (TACH COUNT) equals (DTC) (detach time with
wetness correction) - o :

CALL <GETPULS>
END DOUNTIL
D0
set the (fUFFER'SOLENOID)Von
DOUNTIL (DRUM AT SPEED) signal

CALL <GETPULS>

END DOUNTIL

80

14 1 RECALC

<RECALC> This routine recalculates the deceleration point
for the drum based wupon the actual deceleration. just
experienced. ' : ' ’ :

set (TACH COUNT) into (NOW)

IF (NOW) is greater than 77 (109 degrees), then CALL
<LATE> . ) : :

IF (NOW) 1is less than 77 (109 degrees), then CALL
<EARLY> - - '

IF (DONE FLAG) is on, GOTO <LASTOUT>

else, GOTO <NEXT>
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14 2 LATE

<LATE> This routine adjusts the deceleration point of the
drum toward the early direction by the amount of the error
detected in the last deceleration. The full amount of error
is used since the late direction is the critical direction.

load (PLSTART) and (PLREVS)

compute (PLSTART) equals (PLSTART) -((NOW)-77) (2's
complement)

IF borrow from last computation, decrement (PLREVS)
store (PLSTART) and (PLREVS)

RETURN

14 3 EARLY

<EARLY> This routine is similar to <LATE> except that the
correction used is only half the error since it is moving

the deceleration point later which is  the critical
direction.

load (PLSTART) and (PLREVS)
compute (PLSTART) equals (PLSTART) + (((77-(NOW))/2)
{(2's complement) _

(((77-(NOW))/2) is half the error.

IF overflow from last computation, increment (PLREVS)
store (PLSTART) and (PLREVS)

RETURN
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SECTION 16

LASTOUT

<LASTOUT> wait 370 msec
*%V QUTPUT (DV) to (EXIT MOTOR VELOCITY)
#%V slow the exit belt -

- %%V paper is now safely off drum and onto the exit
belt so it now can be slowed '

IF (EXIT SENSOR) is on, set (ERROR FIAG 11) and GOTO
<ERROR> : ] : o

*5V wait 4500 / (V) msec wait a scaled time dependingr,
on (DV) o : . :

If (DV) is high (decimal value 15), the wait is 300 msec
which will pass an 8.5" sheet of paper at 30ips. If
(DV) is lower, for instance  decimal value 5, the time
will 900 msec. so that the sheet still passes safely.-

#*% set (DRYER ON, THERMAL) and,or (DRYER ON, MICROWAVE)
off o - S

**V set (EX1T MOTOR.VELOCITY)-tQ full'(load) ;peed
- else, light (REﬁovE COPIES)light-

turn off <SCAN LIGHT>, | | |

turn off (VACUUM MOTOR) and (TRANSPORT MOTOR)

GOTO <IDLE>
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SECTION 17

Fokk RGETWET*

17 1 *%%¢*GETWET*> THIS ROUTINE INPUTS AND SUMS THE WETNESS

#%% IF (INDEX FLAG) is off, GOTO<*GETLE*>
-  **% at index so input and sum the full page count

%% INPUT (PAGE COUNTER) into (TEMPQ) current wet count

*%% SET (TEMPQ) +to (TEMPQ) minus (TEMPP) change is
wetness since last sample

**% INPUT (COUNTERP) into (TEMPP) save wetness count

*%% QUTPUT (ENABLE PAGE COUNTER) AND (ENABLE T.E.
COUNTER) enable both counters 360 and 358.

**% set (PGW) to (PGW) times (Kd) scale accumulated
wetness

**% gset (PGW) to (PGW) + (TEMPQ) add newest reading

T

~% RETURN

3
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SECTION 18

divk KGETLE®

18 1 ##kCKGETLE*> IF ( TACH COUNTER) NE, 25 THEN RETURN

84

.

*%% Reset (ENABLE L.E. COUNTER) past leading edge of
paper : '

*%% INPUT (COUNTER)into (TEMPM) current leading edge
count , , ,

k% SET (TEMPM) to (TEMPM) minus (TEMPL)  change since
last sample :

i ***'(COUNTER) into (TEMPM)V,save leading edgé count

*%% set (LEW) to (IEW) times (Xd) scale iaccﬁmuléted
wetness i -

set (LEW) to (LEW) + (TEMPM) ADD NEWEST READING

% RETURN
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SECTION 19

Fick KDRYUP*

19 1 %% <XDRYUP*> TRACKS THE WEINESS WHILE WAITING FOR

DECELERATION

#%% get (LEW) to (LEW) times (Kd)
#*% get (PGW) to (PGW) times (Kd)
*%% IF (PGW) GT (Kw), then RETURN
#%% ELSE, set (ALLOW DECEL FLAG) on
&% RETURN

SECTION 20

#ik *GETDET

*%% <&GETDET*> DOES TABLE LOOKUP FOR DETACH TIME

CORRECTION

oot

+4% this routine uses two tables (PTABLE) power table, and
(VIABLE) velocity table.

#4% get (LEW) to (LEW) times (Ks) scale for slowdown
time
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*%% round (LEW) to four binary places (values 0 through
15) , o

*%* perform table lookup with (IEW) as indéx into table
% set (DTC)'td table indexgd,by (IEW) . detack count

**% get (PGW) to (PGW) tlmes (Ks) “scale pagé wetness
for slowdown o ' :

#**% round (PGW) to four binary bits V(Vélues'ﬂ thru 15)
*%% perform table lookup with (PGW)”aérihdéX

*%% get (DP) to (PTABLE) indexed by (PGW) dryér,ﬁowex

% QUTPUT (DP) to (DRYER POWER)  set dryer power

**V perform table 1ookup W1th (PGW) as 1ndex'(Ve16city'
table) S :

#+V set (DV) to (VIABIE) indexed by (PGW) exit velocity

*%&% RETURN

SECTION 21

PROFILE

<PROFILE> CALL <STP2LOAD> (brlngs drum to load veloc1ty with
minimum checking) - :

CALL <CKLDVEL> (uses program loop to time a VSeriesrofrtach

pulses)

86

set (TIMER) tor 257 msec. (sllghtly over one drum
revolution at load velocity. ) o '

DOUNTIL (TIMER) is zero or (INDEX FLAG) is on
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CALL <MSTIMER>

CALL <GETPULS> (sets (INDEX FLAG> if index located)

END DOUNTIL
IF (TIMER) is zero, then set (ERROR FLAG 2)and GOTO <ERROR>
else, the index sensor is working ok so proceed do

CALL <ILD2PRT> (brings drum to print velocity with minimum
checking)

the (timer) contents upon return are a measure of the time
required for the acceleration of the drum from load to print
velocity. this time is in the form of the remainder of the
maximom time allowed for this acceleration.

DO conver (TIMER)residual to elapsed time.
store (TIMER) in (ACCTIM)

Set (TIMER) to 33 msec. (slightly over one revolution at
print velocity.

DOUNTIL (TIMER) is zero or (INDEX FLAG) is on
CALIL. <MSTIMER>
CALL <GETPULS>
END DOUNTI1L
IF (TIMER) is zero, then set (ERROR FLAG 2) and GOTO
<ERROR>

else, index sensor works ok at high velocity so proceed.

87
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‘CALL <CKPRTVEL> (uses program loop to time several tach
pulses to insure correct print velocity.) . -

DOUNTIL (INDEX FLAG) is on
CALL <GETPULS>
END DOUNTIL

We now are at the drum index point.

DO set (OVERFLOW COUNT) to zZero
‘Set (LOAD VELOCITY) command to the érum
Set (TIMER)rto one se;ond -

" DOUNTIL (DRUM AT SPEED) or (TIMER) is gégo

CALL <MSTIMER>
CALL <GETPULS>

- IF (INDEX FLAG) is on, then increment (OVERFLOW
COUNT) S 7 ,

END DOUNTIL

IF (TIMER) is zero, then set (ERROR FLAG 2) and GOTO
<ERROR> : , '

Else, drum deceleration is within time bounds and we
have the distance measured in revolutions (OVERFLOW
COUNTER) and tach pulses (TACH- COUNT). Now we will
calculate the start point to optimize- the deceleration
when we detach paper during printing. The following
calculations result in two parameters that will be
stored and later used to determine the deceleration -
point of the drum, (PLREVS) and (PLSTART). (PLREVS) is
a count of the drum indexes that should be passed during
the deceleration. (PLSTART) is the tachometer count at
which the deceleration should start to end exactly at
109 degrees. We want (DRUM AT SPEED) to rise at 109
degrees, just after the (PUFFER) is actuated at 80 -
degrees. 109 degrees equals 77 tach pulses.

DO (TIMER) = Complement ((TIMER)- one second) this derives
88 '

T

-
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elapsed time for the deceleration.

IF (TACH COUNT) is greater than 77, then subtract 77
from (TACH COUNT)

else, if (TACH COUNT) is less than 77, then subtract
(TACH COUNT) from 77, complement the result , and add 1
to (OVERFLOW COUNTER)

Store (OVERFLOW COUNTER) in (PLREVS)
Store (TACH COUNT) in (PLSTART)
Store (TIMER IN (DECTIM)

we now know where to start the drum down from print speed to
load speed so that load speed is reached just at 109
degrees. (PLREVS) is a count of index pulses that should
occur during the deceleration so that we know when to
actuate the puffer on the last revolution. We now want to
recheck load velocity to insure that it is stable after the
deceleration.

CALL <CKLDVEL>

We are now done with the drum profile so we leave the drum
running anddo the transport profile next.

21 1 PRO3
<PRO3> CALL <TPTHOME> (brings the transport from an unknown
position to the home end with minimum checking.

We now want to measure the time from the stops at each end
of the page to the start print point and store the results.

DO set (TIMER) to one second

set (GO AWAY) command to transport
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DOUNTIL (HOME SENSOR) is off or (TIMER) is zero’
CALL <MSTIMER>
END DOUNTIL

IF (TIMER) is zero, then set (ERROR FLAG—3) and GOTO
'<ERROR> o 4

else, (TIMER) = complement ofr((TIMER),- one second)
store (TIMER) in (HOMETIM)
CALL<TPTVEL> (check transport velocity using program loop)

CALL <TPTAWAY> (locate at the away end with minimum
checking) _ . , : :

DO
set (TIMER) to one second
set (GO HOHE) Commapd to ﬁranSport

DOUNTIL (AWAY SENSOE) is o£f or (TIMER) equals zero
CALL <MSTIMER>

END DOUNTIL

IF (TIMER) equals zero, set (ERROR FLAG 3) and GOTO
<ERROR> ' - o

~ else, (TIMER) = complement of ((TIMER) - oﬁe—second)
store (TIMER) in (AWAYTIM)
CALL <TPTVEL>

CALL <TPTHOME>

90
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We now want to figure the delay between the drum and
transport start for each end of the drum. 2msec. is added
as safety padding.

DO

store (HDLY)

(ACCTIM) - (HOMETIM) -2

store (ADLY)

(ACCTIM) - (AWAYTIM) -2

The profile is now complete. The following items are in
store:

-  (HDLY)-delay at home end from drum print speed
command to tramsport start

- (ADLY)- same, but for away end

- (ACCTIM)- time to accelerate drum from load to print
velocity

- (DECTIM)- time to decelerate drum from print to load
velocity

- (PLREVS)- number of index pulses during drum
deceleration set to end at 109 degrees

- (PLSTART)- tachometer count to start deceleration
from print to load velocity to arrive at 109 degrees

DO set (PROFILE COMPLETE FLAG)

RETURN TO CALLER



SECTION 22

ERROR FLAG LISTING .

ERROR FLAG 1
-  paper in the path dﬂriﬁgridlé
ERROR FLAG 2
- drum hardware error
- ERROR FLAG 3
- transpor£ di§ nqt start orréléersénsor error
ERROR FLAG 4
- - jam in input paﬁér paﬁhrr'
ERROR FLAG 5 |
- transport hardw;ré ergoi
ERROR FLAG 6
- drum did nptrfeach velocity during priﬁtiﬁg'
- cover open signal detectearduting pfintrrx
ERROR FLAG 8

-  no new sheet ready at gate  during multiple
print '

92
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ERROR FLAG 9

-~  paper on drum signal lost during printing

ERROR FLAG 10

- jam in output on a multiple copy run

ERROR FLAG 11

jam in output on a single copy rum or on last sheet

ERROR FLAG 12

- Ink empty. This error results in a machine shutdown
until refilled.

SECTION 23

ERROR

<ERROR> This routine displays the error number in the
(COPIES REQUESTED) display and shuts down all machine
functions. If the error code is 12 (ink empty), the machine
will not restart until shut down and refilled. For all other
errors, upon the first depression of the reset key after the
error, the error indication is reset. If the (START KEY) is
then depressed, the copy run will continue to completion
with adjustment made for copies lost in a jam situation. If
the (RESET KEY) is depressed a second time prior to
depression of the (START KEY), the copy run is adbandoned.

Do

convert the (ERROR FLAG) number to a numeric code and
place it in the (COPIES REQUESTED) display

CALL <INKDOWN>
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light the (ERROR INDICATOR) o
turn off the (SCAN LIGHT)

**% set (DRYER POWER, THERMAL) and,or (DRYER POWER,
MICROWAVE) off = '

reset (PROFILE COMPLETE FLAG)

turn off (LOAD SPEED) and (PRINT SPEED) commands to the
drum . o

turn off (GO AWAY) and (GO 'HOME) commands to the
transport L S

turn off (LEADING ,EDGE) and (TRAILING EDGE)' vacuum
solenoids ' R o7 :

23 1 HERE

<HERE> IF (ERROR CODE 12) (ink empty), GOTO <HERE>

DOUNTIL ((RESET KEY) closure and no paper path sensors
active) : . : . , ,

integrate (RESETVKEY)

integrate (PAPER'PATH SENSORS)
'END DOUNTIL B

reset (EEROR LIGHT){

GOTO <INIT>
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B09-78-032 1

CLAIMS

1 Apparatus for drying ink printed on a print medium in a
printing system, characterised by means for detecting print
parameters related to the drying of the ink printed on the
print medium, and means responsive to the detecting means to
control drying of the ink printed on the print medium in

accordance with the print parameters.

2 Apparatus according to claim 1, in which the detecting
means includes means for detecting the ink density of the
print data on the print medium as a print parameter, and in
which the controlling means includes means responsive to the
ink density detecting means to control drying in accordance
with the print data density.

3 Apparatus according to claim 1 or 2, in which the
detecting means includes means for detecting the drying
characteristics of the ink printed on the print medium as a
print parameter, and in which the controlling means includes
means responsive to the ink drying characteristics detecting
means to control drying in accordance with the ink drying
characteristics.

4 Apparatus according to claim 1, 2 or 3, in which the
detecting means includes means for detecting the ambient
humidity as a print parameter, and in which the controlling
means includes means responsive to the humidity detecting
means to control drying in accordance with the ambient

humidity.
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5 7 Apparatus'of,claims 1, 2, 3 or 4, in Which there is
provided means for drying the ink printed’cn the,print:
medium, and the controlling'means includeS'means for
adjusting the drylng prov1ded by the drylng means in
accordance with the print parameters.

6 Apparatus according'to{claimrs, in which there,isr
provided exit means for'receiving and transpOrting:the'
"printed medium, and the controlling means includes means for
varying the speed of the exit means in transportlng the
prlnted medium in accordance ‘with the prlnt parameters,
thereby to control the drylng.

7 Apparatus according to claim 5 or 6;,in'whichrthe
drying means includes means for heating the ink printed on.
the print medium, and the controlllng means 1nc1udes means
for varying the heat prov1ded by the heatlng means 1n

accordance with the print- parameters. :

8 Apparatus according to claimr7,'in which?the,heating
means includes a thermairplaten responsive to applied energy
and the controlling means includes means for varYing the
energy applied to the thermal platenain,accoraance with the
print parameters. ' - '

9 Apparatus according to claim 7, in which the heating
means includes a microwave dryer responsive to applied'energy
‘and the controlling means includes means for switching on and '
off the energy applied to the microwave dryer ln accordance |

with the print parameters.r

10 Apparatus according tc'claim,7 inrﬁhich the heating

means includes at least one hot roll,responsive'to applied
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energy and the controlling means includes means for varying
the energy applied to the hot roll in accordance with the
pPrint parameters.

11 Apparatus of claim 7, in which the heating means
includes a hot air heater responsive to applied energy and
the controlling means includes means for varying the ehergy
applied to the hot air heater in accordance with the print
parameters.

12 Apparatus according to any preceding claim, in which
the print medium comprises sheet material.

13 Apparatus according to claim 12, in which there is
provided means for transporting the sheet material during
printing, and in which the controlling means includes means
for determining the time duration that the sheet material
remains on the transporting means after printing, in
accordance with the print parameters thereby, to control the
drying.

14 Apparatus according to claim 13, in which the sheet
material transporting means includes a flat transport
assembly and in which the determining means includes means
for adjusting the time duration the sheet material remains on
the flat transport assembly after printing in accordance with
the print parameters.

15 Apparatus according to claim 13, in which the sheet
material transporting means is a drum rotatable at a print
speed and a load speed, and in which the controlling means
includes means for determining the number of additional

revolutions the drum rotates at print speed prior to
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decelerating from prlnt speed to 1oad speed 1n accordance :
with the print parameters.,

i6 Apparatus according to claim 15, in'which there'is
provided means for varying the time of detachingrcf the sheet
material from the drum in accordancerwith print parameters.

17 Apparatus according to claim 12, in which the sheet
material transporting means includes a rotary transport and
in which there is provided means for detaching the sheet 7
material from the rotary transport respon51ve to the time
duration determining means. '

18  Apparatus according to claim 17, in which the detecting
means includes means for deteCting-the ink density of'the"
print data on the printed sheet material as-a prlnt
parameter, and in which the controlllng means 1nc1udes means
responsive to the ink den51ty detecting means for controlling
the detaching in accordance with said print data density. |

19 Apparatus according to claim 18, in which the ink
density detecting means includesrieading edge means for
detecting the print data density offthe leading edge of the
sheet material,; and in Which the controlling means inclndes
means responsive to the leadlng edge detectlng means for
determlnlng the time of detaching in accordance with the
print data density of the leading edge.

20 Apparatus'according to claim,iBior 19,:in which there
is provided exit means for receiving and transporting the
detached sheet material and;in which there is prcvided means
for heating the ink printed on sheet material aispcsed

adjacent the exit means and the controlling meansrinc1udes
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means for varying the speed of the exit means as the sheet
material is being transported adjacent the heating means in

accordance with the print parameters.

21 A method of drying ink printed on a print medium in a

printing system, characterised by the steps of:

(a) detecting print parameters related to the drying

of the ink printed on the print medium, and

(b) controlling the drying of the ink printed on
the print medium in accordance with the print
parameters.,

22 A method according to claim 21, including the step of
applying heat to dry the ink printed on the print medium, and
in which step (b) includes varying the heat in accordance

with the print parameters for controlling the drying.

23 A method according to claim 21 or 22, including the
step of receiving and transporting the printed medium towards
an exit and in which step (b) includes varying the speed of
the transporting of the printed medium in accordance with the

print parameters for controlling the drying.

24 A method according to claim 21, 22 or 23, in which the
print medium comprises sheet material, which includes the
step of transporting the sheet material on a drum during
printing, and in which step (b) includes determining the time
duration that the sheet material remains on the drum after

printing in accordance with the print parameters,



- 0025878

B09-78-032 E 6

25 A method according to claims 21, 22, 23 or 24, in which
step (a) includes detecting the ink density of the prlnt data
on the print medium as a print parameter, and step {b)

includes controlling the drying 1n:accordance w1thrthe print

data density.

26 ‘A method according to'claims'Zl; 22;'23,'2410r 25, in
which step (a) includes detecting the drying characteristics
of the ink printed on'the'print medium as a print parameter,
and step (b) includes controlllng the drylng in- accordance

with the ink drylng characterlstlcs.

27 A method according'torclaims,Zl, 22, 23,724, 25 or 26,
in which step (a) includes'detectingrthe ambient humidity as
a print parameter and step (b) includesicontrolling the
drying in accordance with the ambient humidity.

28 A method according to claim 24, or'anthIaim appendant -
thereto, including the step of varying the: time of detaching
of the sheet material from the drum in- accordance with prlnt
parameters for controlllng the drylng.

29 A method according tcrclaim724, or any claim appendant
thereto, in which step (a) includes detecting'the print data
density of the leading edge of the sheet material, and in

which step (Db) includes determining,the timerof detaching in

accordance with the print data density of theileading~edge.
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