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@ Frinting apparaius.

Frinting apparetus for usa with electrosensitive peper
indudes a scanning meeans in the form of an endiess belt 11
susperded between pulleys 13, 14 and carrying writlng styli
17. The iyl are scanned across the paper 15 as the helt
rotates and writing signals are applied from & control circuit
24 via a conductor strip 19 10 the stylus which is in contact
with the paper. Stylua guiding surfaces 20, 21 ara provided
keap the stylus running along a straight edge, and position
signals are gonerated by & trensducar 27, such as an optical
encoder, s0 as {0 synchronise the writing signals,
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Printing Apparatis

The present invention relates to printing
apparatus of the type which uses elecirosensitive
paper, 2uch apparatus being particuvlarly suitable
for use in providing computer print~outs.

The elactrosensitive paper includes a dark
toloured or black lacquer coating on the paper, and
a metallising layer covering the lacquer coating, the
metallising being formed of a volatile metal such as
aluminium oxr cedmium deposited in a layer of the order
of 0.1/u thickneaa. The printing action is generated
by burning off portions of the layer of metallising on
the paper using an electric¢ discharge. This can be
achieved by =scamming a witing siylus over the surface
of the papér, the atylus being connected to an electrical
potential relative to the metallising orn the paper. The
resulting current then eveporatez the metal in the
vicinity of the stylus tip where the current density is
very high, and this exposes the dark coloured or black
lacquer underneath thereby providing a permanent trace
contrasting with the colour af the motallising layer.
This printing gction, whic¢h can be termed "burn out",
is a very rapid process lastineg only B few microseconds,
so that this can form the hasgis of =2 very fast method of
printing.

The object of the invention iz to provide
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improved apperatus of this type in which one or more writing styli

opre guided across the paper with a high degree of precision in terms
of repeatability and accuracy of trace, such apparatus being relatively
simple and inexpensive to produce.

The present invention provides printing apparatus for use with
electrosensitive paper, said apparatus couprising a paper feed
mechanism for feeding electrosensitive paper past a scanning positionm,
scanning means carrying at least one writing stylis and being arranged
to traverse the stylus across the scanning position, guide means for
maintaining the stylus in regisiration as it iraverses the scan, and
signal generating means for generating writing signals to the stylus
in dependence on its position during each scan.

In the preferred apparstus, the scanning means is in the form
of an endless belt -suspended between belt pguiding means such as &
peir of pulleys. Preferably, two styli are carried by the belt and
repeatedly scan alternate lines on the paper with rotation of tha
belt, means being provided to synchronise rotation of the belt with
the paper feed mechanism.

In order that the present invention may be more readily understood,
an embodiment therecf will now be described, by way of example, with
reference to the accompanying drawings, in whichi-

Figure 1 shows a parily schematic perspective view of important
features of the preferred embodiment, with certain parts cut away
for increased clarity;

Figure 2 is -a plan view of part of Figure 1;

Figure 3 is an enlerged sectional view along line 3-3 of
Figure 1;

Figure & is a block diagram of the control circuit of Figure 1;
and

Figure 5 is a waveform diagram of signals appearing in the
circuit of Figure &4.

Referring to-the drawings, and specifically to Figure 1, there
is shown printing- apparatus including a preferred stylus guidance
means in the form of an endless belt carrying the writing stylus,

and means for maintaining registration and alignment of the stylus
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as the belt guides it across the paper. The epparatis includes = motor
10 which is arranged to drive an endless belt 11 by means of suitsble
gearing 12 connected to a drive pulley 13. The belt 11 is prefersbly
made of a light plastics miaterial and may, but need not, be toothed

to improve grip by the drive pulley 13. An idler pulley 14 is provided
so as to support the belt 11 batween itself angd the drive pulley 13

in such a way that cne side of the belt runs in front of a sheet of
electrosensitivé paper 15. Rollers 16, also driven vie the

gearing 12, cause the paper to be moved past the belt 11.

The belt 11 carried one cr more writing styli (two being shown),
each of vhich is in the form of a two-pronged hairspring 17 being
attached to the belt by means of a pin 18 integrally moulded with the
belt (see Figure 3). Each hairspring 17 is therefore towed across
the paper 15 by movement of the belt 14. The tips of each heirspring
17 are turned so that one tip 172 forms the stylus point which
contacts the paper normally to the plane of the papar and the other
tip /b contacts a conductor strip 19 for transferring a writing
sigral from the strip 19 to the styins point 17a and thence to the
Paper. The writing pressure between the stylus and the peper,
vreferably between 1 and 10 grams, is generated by compression of
the hairspring 17 between the conductor strip 1% and paper 15. However,
the line of action of the two tips 17a, 17t is at such an angle that
they sre respectiively biased towards surfaces 20, 21 (shown in more
detail in Figure 3). Surface 20 is arranged to guide thesiylus tip
17a across the papér and surface 21 is arranged to guide the tip
17b to contact the conductor strip 19 and to provide an effective
vertical compression effect between the two tins so0 s to imprave
registration of the stylus tip 17a with the Faper. The stylus is
otherwise free to swivel end rotate on the pin 18 provided on the
belt 11, and is therefore drawn along a reference straight edge
on the paper 15 without any of the biasing force being taken in
reaction by the belt. A Turther preferred feature is the proviaion
of a grooved surface 22 in which the belt pin 18 can travel acrosa
the width of the paper so that lateral displacement of the belt

does not produce horizontal modulation of the writing tip.
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A control circuit, schematicelly shown as block 24, is
connected between the conductor strip 19 and a conductor arrangement
25 connected to the metallising on the paper, such as by the provision
of conductive s\rfaces on the rollers 16. Writing signels, for example
at 40 volts D.C., are then applied betweent he conductor strip
19 (and hence the stylus tip 17a) and the conductor arrangement
25 {snd hence the metallising on the paper 15) and, as the stylus
traverses the paper, & series of dots is "burnt out" of the paper
at reguired leocations.

Tt will be seen that the arrangement thus far described ensures
that a series of parallel lines cer be drawn on tke paper which is
being contimnally winched from the roll by the rollers 16. It further
remains to synchronise the writing signals for one line with those
for other lines so that vertical registration of characters being
printed cen be maintained.

In order to synchronise the stari of each line, the writing tip
47a is prevented from contacting the first few millimsters of paper
by means of a thin insulated foil 26. As soon as the writing tip
17a drops off this foil, it contacts the metallised surface of the paper
15 and an electrical signal is generated and detected by the control
circuit 24. Now while the stylus iz being drawn across the paper,
its progress is measured by a transducer 27 such as an optical encoder
which provides positional signals to the control circuit 24. It
ip desirable that the aignal produced by this transducer has a
higher resolution than that finally required. For example, if it is
required that each line should be resolvable into 256 dots, then ths
transducer 27 should generats, say, 1024 dots. When this signal
is gated with the paper contact signal and divided down by &,
then the register of each lime should not be out by more than
a quarter of the width of a dot. Im this way, mechanically
digsimiliar styli should generate substantizally identical traces.

As a further refinement -to cater for the possibility of
eccentric pulleys, gears or transducers etc., it is highly
desirable that, at the beginning of each line when the
synchronising signal is generated; the belt pulleys 13, 1%
shonid be in the same relative position and that the transducer
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27 elso indicates the same relative position irrespective of the writing
stylus adoéted.

These twe stipulations are satisfied, firstly, by ensuring that the
spacing between adjacent styli is equal to an integer (which may equal
ono) multiple of the circumference of a pulley, and secondly by arrsnging
the gearing 12 such that each rotation of the pulley 13 provides an
integer multiple pumber of rotations of the transducer disc. The relative
pesitions of these compoments will therefore be maintained constant
at the start of each line. Thus, wheress eccentric pulleys would give
a variation in the dot spacing across the paper width, at least that
variation would be repeated on each line so that characters printed
from the dots would be vertically registered and hence prosent a
copsistent appearance.

Referring to Figure 4, the control circuit 24 is shown in greater
detail, together with certain parts of the printing spparatus already
described. The transducer 27 is & light sensitive device comprising
a light emitting dicde 30 arramged to direct & beam of light om to 2
light regponsive element shown as a phototransistor 31. The besm of
light iz interrupted by ac apertured disc 32 driven by the gearing
12 of Pigure 4, B0 as to provide a pulsed signal, the timing of the
pulees depending on the speed of rotation of the disc 32. The pulsed
gignel iz applied to one input of an AND-gate 40 whose output is connected
via a divide~-by~four circuit 42 to a bletk iuwput of a buffer store and
decoder 4. The buffer store and decoder 44 receives and stores printing
information {e.g. in respect of one scanned line or Frelerably in respect
of one line of primt, in other words, a number of scanned lines) from
suitable ancilliary equipmeat, for exemple a computer as shown. The
buffer store and decoder 4l is responsive te clock pulses at ita clock
input to selectively eneble a high voltage switch 46 to permit curvent
te fiow from a power supply 48 (e.g. providing 40-50V) to the corductor

strip 19 and thence via the hadirspring 17 to the paper 15. A return

carrent path is provided via the roller 16 heving 2 conductive surface.
and being comnected to earth (ground} vie a resietor.

The conducter strip 19 is also connected to a paper detect circuit
50 which provides an indication when the bairspring 17 runs off the
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ingulating foil 26 and on to the paper. The output of the paper
detect circuit 50 is connected to the eecond input of the AND - gate
4o,

The operation of the contrgl circuit 24 will pow be described
with reference to the waveform diagram of Figure 5.

Waveform A represents the ocutput of the paper detact circuit
50; as shown, the waveform remains "low™ until the hairspring_ 17
runs off the insulating foll and makes contact with the paper
thus generating an elsctrical signal and ralsing the leval of the
output waveform to “high". '

Waveform B represerts the outpul of the tranesducer 27; every
time an sperture of the rotating disec 32 allows light from the light
enitiing diode %0 to be directed on to the phototransistor %1, a pulBe
is produced.

Waveform C represents the output of the AND - gate 40 which has
waveforms A and B fed as inputa thereto. The pulsed weveform B is
produced at the output of AND-gate 40 only when the gate is held
open by a "high” waveform (A} et its other input. Since the
transducer 27 is erranged to provide a constant number of pulses
in & single line scan of the stylus by virtue of the mechanical,
coupling via gearing 12, that number being exemplified as 102k
above, waveform C will always provide that mumber of pulses,
although the tining therebetween will depend on the degree of
constancy of wotor rotation. It will therefore be =een that this
arrangement provides synchronisation hetweea the pulses of waveform
C and the position of the stylus on the paper, the relative timing
being thus synchronised and the gbsoluts timing being wnimportant .

Waveform D represents the output of the divide-by-four cireuit
42, whick provides an cutput pulse for every fourth pulse of the input
waveform C. The thus divided pulse waveform is used to clock the
buffer store and decoder 4h, and in the above-mentioned exsmple .
the mumber of clock pulses per line scan will be 256. Information
from the computer is held in the buffer store, and for each clock,
pulse, a signal indicative of printing will be read cut of the store.
Thus, if a "dot" is required, the cutput of the store will be "high"



10

15

25

30

35

0058556

enabling the switch 46 and current will flow to the stylus; converssly
if no "dot" is to be printed, the output of the store stays "low"

and the switch 46 prevents current from flowing to the stylus.
VWaveform E represents a typical output of the buffer store and
decoder 44; it will be seen that in this example, for the first,
third and last clock signals of waveform D, a “dot" is required

in aecordance with the informaticn held in the store, whereas

for the second and pemltimate clock signsls, no "dot" is

raquired.

The apparatus as previously described includes two writing
styli provided on the belt. This is a particularly convenient
arrangement and is presently preferred; however, any number of )
styli could be provided on the belt depending on the particular

application, as long as the spacing between adjacent styli is not
less than a required line scan.
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CLAIMS:

1. Printing apparatus for use with electrosensitive paper,

said zpparatus comprising a paper feed mechanism for feeding
electrogensitive paper past & scmiﬁg position, scanning means
carrying at least one writing stylus.and being arranged to traverse
the stylus across the scanning position, guide means for maintaining
the stylus in registration as it traverses the scan, snd signal
generating meems for genersting writing signals to the stylus

in dependence on its position during each scamn.

2. Printing apparatus according to claim 1, wherein the scenning
means comprices an endless belt having belt guiding means at each end
of the scan, the or each stylus being carried by the belt for
repested scanning of lines on the paper with movement of the belt,
and related movement of the paper feed mechanism.

3. Printing epparatus according to claim 2, wherein the belt

carries two writing styli arremged to traverse slternate scamned
lines of the paper.

LR Printing apparatus according to claim 2 or 3, vherein
the or each stylus comprises a resilient conductive member which
im guided under compression between the paper and a conductor element

to which said writing signals are applied from said signel generating
means.

5. Printing apparatus according to claim &, wherein the
stylus member is attached to the belt by means of a meunting
projection provided on the belt and has two contact tips, one

of which bears on the paper and the other of which bears on the
conductor element.
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6. Printing apparstus according to claim 5, wherein the guide
means r:c.ﬂ'nju':l!:'.exsr upper and lower puide sarlaces extending parsllel

to the required stylus scanning movement, the line of action of the
contact tips of the Sylus member being engled 50 as to be biesed
towards the gui.de surfaces end bear thereon during scamning movement,

thereby to improve registration of stylus scanning.

7 Printing appsratvs according to c¢lsim S or 6, wherein the

guide means further comprises a groove for receiving the mounting
projection on the helt when the stylua is in the scanning pomition,
thereby te prevent horizontal modulstion of the stylus by constraining
the mounting projection to run within the groove during ecamning,

8. Pricting apparatus according tc any one of the preceding claims,
further including a paper detect eircuit responsive to a signal being
generated when the stylus copntacts the paper, said circuit acting

to initiate generation of the writing signals.

% Printing apparatus according to claim 8, further including
an insulating mesber partially overlapping a portion of the paper
sa a8 to prevent the stylus contmcting the paper over that portion.
0.  Pripting apparatus according to any one of the preceding claims,
including drive means provided for driving the paper feed mechanism
and the scanning means in synchronism, a transducer being associated

witk the drive means for providing position signals to the signal
generating means.

1%.  Printing apparetus accordaing to claim 10 vhen dependent on

¢laim 8 or 9, wherein the trahsducer signal is gated with the
signal frem the paper detedt circuit thereby to provide a signel
indicative of stylus position on the paper.
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42, Printing apparatus according to claim 10 or 11 whern dependent
an claim 2, wherein the endless belt has pulleys at either end
thereof, and the drive means includes a geering arrangement such that
when the or each stylus is at the beginning of each scan, the pulleys
sre in the seme relative positions.

13, Printing apparatus according to claim 12, wherein the transducer
ip responsive to rotation of a disc driven by the gearing arrangement,
guch that when the or each stylus iz at the beginning of each scan,
the trensducer is in the seme relative position.
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