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Dot matrix printing device.
@ The printing device comprises a printing head having a
row of printing elements, e.g. 18 wires 31 actuated by corres-
ponding electro-magnets for printing symbols and characters
in conformity with dot matrices. The inclination of the row
relative to the direction of movement of the printing is vari-
able. With the row vertically aligned, the height 7 of the 18
wirgs is equal tothat (h + b + h) of the two lines of printing as
“a result of which it is possible to print two rows of characters
simultaneously. By inclining the head and suitably selecting
the speed of movement itis possible to print oneline ata time
with high definition dot matrices.
S
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DOT MATRIX PRINTING DEVICE

The present invention relates to a dot matrix printing device for
accounting, data terminal, telewriting and similar office machines,
comprising a row of dot printing elements, the row extending
transverse to a direction of relative movement between the printing
elements and the medium on which they print. 2as is well known, by
selectively operating the individual printing elements during such
movement it is possible to print alphanumeric characters and other

symbols within the resolution permitted by the dot matrix.

Although the invention will be described mainly in terms of wire
printers in which tﬂe printing elements are wires activated for
impact printing of the dots by electromagnets it is not restricted
to a particlar type of printing element. For example, thermal dot
matrix printers are known using resistive printing elements

heated by current pulses.

A dot matrix printing device is known in which, to increase the
printing speed, the printing ends of the wires are disposed side
by side along two rows, parallel relative to each other and
perpendicular to the direction of forward movement of the printing
head carrying the wires, referred to as the printing direction.
The wires are selectively actuated to write at high speed the
characters of a line according to a dot matrix which is very
readable but with rather low definition. The drawback of such a
device is that the speed of the movement of the head-carrying
carriage is very high, as a result of which the mechanical parts
are subjected to considerable wear, and the control circuit is

necessarily complex and therefore costly.

A dot matrix printing device is also known in which, to improve the
printing quality, the printing ends of the wires are aligned on a
single row which is slanted relative to the printing direction. In
this manner the characters are written with high dot definition

since the dot spacing in the vertical direction is less than the
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dot spacing along the row and the printed dots can even overlap in
a vertical column of dots. This prihting device, however, suffers
from the drawback of being ratherx slow;'andrthus little sulted to
being used in those machines such a data terminals, where a high

writing speed is required.

A first object of the present invention is that of providing a
printing device able to write symbols and characters both at high
speed, according to low definition dot matrices, and at low speed

according to high definition dot matrices.

A second cbject of the present invention is thatrpf'providing a
device which, though capable of writing at high speéd, is very

reliable and inexpensive.

The dot matrix printing device according to the invention is
defined below in Claim 1 and advantageous developments of the

invention are set forth in the dependent claims.

The invention will be described in more detail, by way of example,

with reference to the accompénying'drawings, in which:

Fig. 1 is a plan view of a printing device embodying the

invention;

Fig. 2 is a rear left perspective of an'énlarged detail

of the device of Fig. 1;

Fig. 3 is a diagram of the circuit for controlling the

printing device;

Fig. 4 shows characters printed by the device in a first

operating condition; -

Fig. 5 shows a different form of characters which can be

printed by the device in the first operating condition}r

Figs 6 & 7 show characters printed in second and third

operating conditions; and
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Fig. B is an enlarged detail of a character printed in

the third operating condition.

The printing device comprises a base 10 (Fig. 1) provided with
four vertical sides 11, 12, 13 and 14 all parallel to each other.
Between the sides 12 and 13 a platen 16 is mounted to support a
recording medium 17 which, for example, may consist in a sheet of

paper, a continuous form, a cheque, a small book or a bank card.

A printing head 20 with wires, which will be described in detail
hereinbelow, is mounted on a carriage 21 which is slidable along
a front guide 22, fixed to the sides 12 and 13 and parallel with
the platen 16. An inked ribbon 23 is arranged in between the head
16 and the bar 16.

For movement in front of the platen 16, the carriage 21 is in
engagement with a lead screw 25, rotatably mounted in the sides
12 and 13 and coupled directly to an electric motor 26, for example

of stepping type, which controls its rotation.

A synchronisation disc 28 is keyed on the screw 25 and has a series
of radial notches, angularly equidistant one from the other. A
rhoto-transistor 29 is disposed facing the notches and co-operates
with a corresponding light source 30. 1In particular, the photo-
transistor 29 generates a synchronisation pulse FP at each elementary
displacement of P of the head 20 along the direction of movement of
the carriage 21, which we shall also call the printing direction.

In the example described here the displacement P is 0.0529 mm, and

has been selected according to criteria which will be described

below.

The printing head 20 (Fig. 2) comprises a frame 33, on the front
part of which eighteen control electromagnets 32 are mounted,

which are individually joined to an equal number of writing wires
31. The wires 31 have a diameter of 0.3 mm and are guided at their
front end by a guide 36 which holds them aligned in a single row
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Z-Z (Fig. 4). The distance between the axes of the wires 31 is
0.423 mm and the total length 1 of the row is 7.491 mm. This is
equal to twice the height of E_of'a line of characters of standarad
type, plus the space b between two lines. These values have been
chosen so as to yield a line pitch of 4.23 mm, which is a standard

spacing widely used in printers.

The head 20 (Fig. 2) is mounted on the carriage 21 in such a manner
as to be variably oriented relative to the direction of writing.
For the purpose the front or guide 36 of the head 20 is rotatable
in a support 37 of the carriage 21. A helical gear 39 is fixed

to the head 20 and engages with a sérew 40, rétatably'mounted in
the support 37. A disc 41, solid with the head 20, is provided
with a series of radial notches 42 facing which, on the carriage
21,7a photo-transistor 44 is arranged, co-operating with a
corresponding light source 43 to generate a synchronisation pulse
FT (Fig. 3) when the head 20 is oriénted accordingrﬁo one of the

rredetermined angles.

On the end of the screw 40 (Fig. 2) is one member 46 with front
teeth of a dog coupiing. ‘When the carriage 21 is at rest at its
extreme left position, the member 46 engages with a corresponding
member 47 which also has front teéth and is mduntedron a shaft 48
rotatable between the sides 11 and 12 of the base 10.

On the shaft 48, between the sides 11 and 12, a toothed gear 50,
is keyed. This gear éngages with a toothed gear 51 mounted on the
shaft 52 of an electric motor'54, of stepping‘type. The shaft 48
is axially slidable, and a helical spring 55 urges the gear 50
constantly towarxrds the side 12. 7

The electro-magnets 32 are of known type, for example as described
in our Italian Patent No. 1011721 and have an actuation cycle T of
about 1000 psec. The circuit used to controi the excitation of the
electiomagnets 32 and the electric motors 26 and 52 is illustrated
in Fig. 3 and comprises a central unit 66 into which the data of the

alphanumerical characters and othei symbols to be printed are fed
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along a first channel 61 from an output device 62. Along a second
channel 64, from an operational console 65, the data relating to

the type of printing to be effected arrive at the central unit. The
central unit 60 is connected to two random access memories RAM 66
and 67, by means of two channels 69 and 70 respectively. The central
unit 60 is also connected, through a channel 71 to a circuit 72
which controls the motor 26 and, through a channel 73, to a circuit
74 which controls the motor 54. The control circuits 72 and 74 are
of known type, for example of the type described in our Italian
Patent No. 1,009,48.

The signal FT generated by the photo-transistor 44 is sent to the
central unit 60, after having been squared by a monostable circuit
75. The signal FP issuing from the photo-transistor 29 is fed to

a monostable squaring circuit 76 which generates a corresponding
square signal FQ, which is fed to a binary counter 77 which generates
a print enabling signal FS. The signal FQ is also despatched, as a
feedback signal, to the control circuit 72 of the motor 26. The
binary counter 77 is connected to the central unit 60 by means of

a channel 80 and can be set to overflow on a variable number, in
such a manner that the time interval between two successive pulses

of the signal FS may be suitably selected, as will be described

hereinbelow.

The central unit 60 is connected to a multiple switching circuit

81 through two channels 82 and 83. In its turn, the circuit 81 is

connected to a plurality of decoding ROM's 83a, 83b, ..... 83n, by
means of a corresponding plurality of channels 84a, 84b,......
84n. Each ROM 83a, 83b,..... 83n has 18 output lines 85a, 85b,...

85n respectively, connected to 18 NAND gates 86 which generate
control signals EL 1 to EL 18 and each have an input connected to
the output of the binary counter 77. Each control signal EL 1 to
EL 18 issuing from the gates 86 is fed to a corresponding
monovibrator 87 which, in response, generates a pulse PZ which
remains at the logical level 1 for the time actually necessary for
controlling the electro-magnets 32 (approximately 500 psec); this

pulse PZ is then fed through a driver circuit 88n, to the
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160 corresponding electro-magnet 32.
The operation of the printing device so faf'desoribed'is as follows:-

At rest, the carriégeVZl (Fig. 1) and the head 20 are stoéped at
the left end 12, and the toothed members 46 and 47 are coupled
together. In this p051tlon the motor 54 can rotate the ‘head 7

165 20 relative to the support 37 of the carrlage 21 through the gears
50 and 51, the coupling 46, 47, the screw 40 and the gear 39,
disposing it in one ofrits possible positions,sﬁitébly inclining
the row of writing ends of the wires 31 relative to the horizontal
direction of movement of the carriagé’Zl. In the particular

i7o embodiment here described, three differeot,inclhations of the head
20 relative torthe'horizootal diréction havérbeeh aésumed for the
sake of example. In a first opérotiﬁo'oondition (Figs. 4 and 5)
the head 20 is positioned in such a manner’that the row Z-Z of

the printing ends of the wires 31 is vertlcal

175 With the head 20 thus dlsposed the prlntlng dev1ce can write
either simultaneously two. lines of characters of standard height .
according to a matrix of 7 x 7 dots (Fig.—4); or a single line of
characters of double height 1 éccording to a'matrix oi 18 x 12
dots (Fig. 5), thus effectiﬁg,'for exémple, létter'heads and titles,

180  In addition, again with the head 20 thus disposed, it is possible
to write alpha-numerical characters, gréphio symbols,'noh—Latin
characters and ideograms, according to dot rmatrioes with variable
definition. The definition and sizeé of cﬁaracters in the vertical
direction are determined by the number of wires>31 chosen , while

185 the corresponding'values, in thé:horizohtal direction, are
determined by therpitch between twoidoto, with a consequent

correction of the speed of movement of the carriége 21.

The speed of movement of the carriage 21 is indeed a determining
factor to cbtain a predetermined.type of writing, account being
190 taken of the time T taken by each electro—magnet 32 to effect a

complete printing cycle.r
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7.

For a type of writing such as that illustrated in Fig. 4, the
distance g.between two successive dots in the horizontal direction
of writing is equal to ten elementary pitches p and is 0.522 mm;
this distance g is moved by the carriage 21 in a time T which is
1000 psec. Therxefore, for this type of writing, the speed of travel
of the carriage 21 is 529 mm/sec., the head 20 can write 200
characters per second, for each line, and thus have a productivity

of 400 charactexrs per second.

For this type of printing, in addition, the console 65 is set up
in such a manner that the data transmitted by the input device

62 (Fig. 3) to the central unit 60 are first memorised on alternate
lines of the two RAM memories 66 and 67, and then despatched in
parallel, two lines at a time, to the circuit 81 through the
channel 82. The central unit 60, through channel 83, conditions
the circuit 81 so that the data from channel 82 go to the ROM 83a,
through channel 84a, ruling out the other ROM's 83b.....83n. The
central unit 60, in addition, through channel 80, sets the binary
counter 77 in such a manner that every five pulses FQ a pulse FS

is generated, enabling printing. (Although the horizontal dot
spacing g is equal to 1Op the dots are printed at intervals of 5p
as adjacent dot rows may be staggered in a mahner apparent from
Fig. 4.) Finally, through channel 71, the central unit 60 controls
the circuit 72 controlling the motor 26 in such a manner that the

speed of travel of the carriage 21 be as predetermined.

The type of printing such as that illustrated in Fig. 5 the distance
f between two successive dots in the horizontal direction of writing
is equal to six elementary pitches p, and is 0.3174 mm. As the
carriage 21 has to travel through that space f in time T, which is
1000 psec, the speed of travel of the carriage 21 in front of the
bar 16 is 317.4 mm per second. In this case, in addition, the
console 65 is set in such a manner that the data transmitted from
the input device 62 (Fig. 3) to the central unit are memorised line
by line in one of the RAM memories (66 or 67) and are then
despatched serially to the circuit 81, through the channel 82. The

central unit 60, through channel 83, conditions the circuit 81 in
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such a mannexr that the data from,éhannel'82,go'to'the;RQE 83b,
through the channel 84b, ruling out the other ROM's;83a;;...83n.
The central unit 60, in additiomn, through ghgnnelVBO,rsets the

230 binary counter 77 in such a manne# that a pulsé;FS is generated
every six pulses FQ, énabling'printing. Finally, tﬁrough channél
71, the central unit 60 conditions the circuit 72 controlling the
motor 26 in such a manner that the speed of travel of the carriage

21 be as predetermined.

235 Let us now assume that we wish to slant the head 20 to write

charactexrs and symbols according to other dot matrices.

When the head 20 (Fig. 1) is in the rest,positioﬁ; with the engage-
ment menbers 46 and 47 cbupledrtogether; the console 65 (Fig, 3) is
set accoxrding to the type of Character;:ideogram orrother symbol
240 to be printea. The'centfal unit 60,,£hfough ﬁhe cannel-73j controls
the circuit 74 controlling the motbr 54, in such a ﬁannef that the
head 20 (Fig. 2) rotateé, relative to the sup?qrt 37 of the carriage
21 by an angle”(Fig. 6) preaetermined'relatiﬁé'toifhe vertical axis. -
When the rotation has faken place, the,photd—transistor'44 geherates
245 a feedback pulse FT which is fed to the central unit 60 to stop the
7 motor 54 and the head 20. For the ﬁriting of chéracte;s of the 7
Kanji alphabet accordiﬁg fb a matiix df712 x'14raots, as illustrated
in Fig. 6, the angleo< is 48937'. This angle has been selected
in such a manner that the projectibh—g_on'£o the horizontal axis.
250 of the distance between the centres ofrtwo wires 31 ﬁhich ére
adjacent is an exact multiple of the elementary Pitchﬁg, In
particular when(}( =  48937' the distance g_is»euQai to 6 p and is
0.3174 mm. This is in oxder to berablé to'dbtain - perfectly

vertical strokes.

255 In this second working cdnditidnrandrfor'this'type of printing,
the distance gfbetween two successive dots in the horizontal
direction of writihgris equal:t675 élemenﬁary:pitches p, and is
0.2645 mm. As the Earfiage 21 has tdrtiavel:thrcﬁgh this distance
r during the time T which isrlOQO psec,"the'spéed—of'tfavelrof the

260 carriage 21 is 264.5 mm/sec. Et this speed the head 20 can w;ite
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35 Kanji characters per second. 1In this case also the data
transmitted to the central unit 60 are memorised line by line in
one of the RAM memories (66 or 67) and are then despatched
serially, through channel 82, to the circuit 81 which despatches
them to another of the n ROM's 83, not shown in order to simplify
the drawing. In this case also, the central unit 60, through
channel B0, sets the binary counter 77 in such a manner that every

five FQ pulses a FS pulse, enabling printing, is generated.

If it is desired to write alphanumerical characters and symbols
according to a matrix with higher dot definition, the head 20
is inclined to a greater extent relative to the vertical axis,

changing its setting and bringing it to a third operating condition.

Setting the console 65 (Fig. 3) on the new type of characters to

be printed, when the head 20 is at rest, the central unit 60,
through the channel 73, controls the circuit 74 controlling the
motor 54 in such a manner that the head 20 (Fig. 2) rotates relative
to the support 37 of the carriage 21 until it forms a predetermined
angle ES (Fig. 7) relative to the vertical axis. When rotation

has taken place, the photo-transistor 44 generates a feedback
pulse FT which stops the motor 54 and therefore the head 20.

For high definition printing according to a matrix of 15 x 48 dots,
as illustrated in Figures 7 and 8, the angle ;3 is 61© 7', This
angle &S also is selected in such a manner that the projection 4
on to the horizontal axis of the distance between the centres of
two adjacent wires 31 should be an exact multiple of the elementary
pitch p. 1In particular, when[S = £1°7', the distance d is equal

to 7p and is 0.3703mm.

In this third working condition, and for this type of printing,
the distance s between two successive dots along the horizontal
direction of writing is equal to four elementary pitches p and is
0.2116 mm. As this distance has to be travelled by the
carriage 21 in time T, the speed of travel of the carriage 21 is

211.6 mm/sec. At this speed, the head 20 can print about 83
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characters per second. Also in thiS'latter case the data transmitted
to the central unit 60 arerfirst memorised onerline at,a time on one
of the RAM memories (66 or 67) and then despatched serially’ to the
ROM 83n, through the circuit 8l. The central unit 60 sets the
binary counter 77 in such 2 manner that at each FQ pulse a pulse

FS enabling prlntlng is generated.

The elementary bitch E’i O. 0529 ﬁm corresponas to 1/480" and has
been selected on the ba51s that the characters ‘are’ normally prlnted
with constant spac1ngs of 10, 12 oxr 15 characters per inch, or with
different spaClng ‘pitches whlch are multlples of 1/60" (0.423 mm).
In accordance with this selectlon the spac1ng of a character with

1/10" spacing is lelded 1nto 48 parts, and the spacesrof the

- characters of 1/12" and 1/15" and proportional ones‘are subdivided

respectively into 40 parts, 32 parts:andrexactrmultiples of 8 parts.

It will be clear fromrthe'present description that the 'slanting

of the row of prlntlng ends of the wires 31 relatlve to the.
direction of writing is selectlvely variable from a flrst pos1tion
in which the wires. 31 can write 51multaneously a plurallty of lines
of printing to a plurallty of other 1ndlcatlons in which the wires
31 can wrlte on a 51ngle line symbols and Characters w1th dot

matrices with varlable deflnltlon.

It is clear that in addition to- those described*so:far, other types
of printing, with other{dot,matrices, may be printedfhy the device

according to the invention.

Among many p0551b1e modlflcatlons it may be mentloned that there
may be more, if need be many more, or less wires than 18 and the
llnes of characters wrltten slmultaneously (Flg 4) may be more
than two. Bs already mentloned printing elements other than wires
canrbe used. For,example, thermal pr;nt;ng elements are known andrr
also ink jet printing elements which project dots of ink on to the

recording medium.
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CLAIMS

A dot matrix printing device with a row of selectively
operable printing elements (31), the row extending
transverse to a direction of relative movement between

the printing elements and the medium on which they print,
charaterised in that the inclination of the row of elements.
relative to the said direction is variable between a
plurality of settings enabling printing in dot matrices of
differing definitions, and by control means (Fig. 4)
operable in one of the settings to cause a plurality of
lines of printing to be printed simultaneously utilizing

different segments (h) of the row of elements.

A printing device according to Claim 1, characterised in
that the printing elements (31) are aligned on a single
line (2-2), and in that in the said one setting this line

is perpendicular to the said direction.

A printing device according to Claims 1 or 2, characterised
in that the control means respond to the variation of the
inclination of the row of printing elements to use
alternatively the data in series-parallel fashion for
simultaneous printing along two lines, and in serial fashion

for printing one line after the other.

A printing device according to Claims 1, 2 or 3, character-
ised in that the control means comprise a central unit (60)
connected to an input device (62) and to two line memories
(66, 67) the data to be printed supplied by input device
being memorised in alternate lines in the two memories

and taken from the central unit in parallel manner when the
row of printing elements is in the first setting, and being
memorised one line at a time in one of the memories and
taken in serial manner by the central unit when the row of

printing elements is in another of the plurality of settings.
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A priﬁtingrdeviee according toraﬁy of ehe precedingjclaims
in which a first'electricrﬁotqr'effects'the'ﬂbvement of the
printing'elements in- front of the pfinting medium along the
said direcﬁxnlcharacteiised in that a control circuit (74)
for the motor alters the speed of fravel of tﬁe printing
elements (31) dependlng upon the 1nc11natlon of the Tow. and

the type of matrlces of dots to be prlnted

A printing dev1ce accordlng to Clalm 5, Characterised
in that a second: electrlc motor (26) varles the 1nc11natlon
of the row of’prlntlng’elements ‘from the the flrst,settlng

to the plurality of other settings.
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