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first driving signal, is delivered to the second switch- ing device for a
selected actuator coil. The driving DC The present invention relates to a
circuit for acti-  powersupply energises the actuator coil by supplying
vating the print head of a wire printerfor printing char-  electric current
which flows through the first switch- acter-iike configurations of dots
through the selection   5   ing device, the actuator coil, and the second
switch- of wires from a matrix of print wires, wherein the wire  ing device
in this order. Then, the coil attracts the print ends are moved towards a
platen by magnetic attrac-  lever to move the wire towards the platen.
After tion generated by electro-magnets.                   elapse of the
period [err], the first switching device is A known print head for use in a
wire printer, that  turned off to de-energise the coil. The resulting coun-
is a form of dot matrix printer, comprises a casing act-  10  ter
electro-motive force keeps electric current flowing ing also as a magnetic
core. A number of actuator   through the second switching device, the
ground, the coils, and print levers arranged to be attracted by the  diode
and the actuator coil, thus maintaining the coil coils, are housed in the
casing. The levers are driven  energised. After elapse of the period [err],
the second by the attractive force of the coils for impacting wires
switching device is turned off. The resulting counter fixed to front ends
of the levers against paper held on   15  electro-motive force induces
electric current flowing a platen.
through ground, the diode, the actuator coil, and a The print head is
activated by a drive circuit,  Zener diode of the counter electro-motive
force ab- which delivers voltage pulses to each particular coil  sorbing
circuit in this order. In this way, electric cur- according to the
characters to be printed. Since each  rent is fed to the driving power
supply. As a result, coil included in the circuit has reactance, electric
pow-   20   when the voltage generated by the counter electro- er builds
up. Therefore, if a switching device for con-  motive force induced in the
actuator coil drops below trolling a neighbouring coil is turned on,
electric cur-  the sum of the voltage developed by the DC power rent 10
flows through the particular coil as shown in  supplyand theZener breakdown
voltageof theZener Figure 14 due to the electromotive force induced by
diode, the current is cutoff. Forthis reason, if another a change in the
residual magnetic flux stored in the   25  actuator coil is energised at
the next instant, no del- magnetic circuit of the print head, even though a
print-  eterious electric current is produced. Hence, the wire ing step may
be complete and the associated wire on  can be returned quickly to its home
position by a its way to its home position. Therefore, the wires may
spring. return to their home positions with accumulated de-     In this
drive circuit, the deleterious current pro- lays. Eventually, wires may
protrude so that printing   30   duced during the wire return process can
be reduced becomes impossible.                                  to quite a
small value, but magnetic flux still remains In an attempt to prevent
electric current from   in the head actuating circuit including the
actuator flowing through the actuatorcoils during the return of  coils. If
the second switching device is turned on ear- the associated wires if a
change in the residual mag-  lier than the first switching device, an
electrical path netic flux stored in the magnetic circuit induces elec-  35
consisting of the diode, the actuatorcoil, and the sec- tro-motive force as
described above, various drive cir-  ond switching device is formed. The
result is that cuits for activating dot matrix printer heads have been
electric current [err] is generated in the coil before the proposed.
print wire is actuated as shown in Figure 15. Where Japanese   Published
Utility  Model  No.       the print speed is low and the wires are driven
at long 191032/1988 discloses a drive circuit for activating   40
intervals of time, this current [err] due to the electro- the print head of
a wire printer, in which each actuator  motive force attributed to the
residual magnetic flux coil for driving a wire has one terminal connected
to  poses no serious problems, because it is quite small. a first switching
device and the other terminal con-    Document EP-A-0294288 discloses a
circuit for nected to another switching device. The first switch-
activating the print head of a wire printer including ing device receives a
first driving signal to synchron-   45   means for activation of a second
switching device in ise the printing. Thesecond switching device receives
response to a second drive signal and means for ac- a second driving signal
in connection with data con-  tivation of a first switching device in
response toafirst cerning a character to be printed. The terminal of
driving signal. Even though the first switching device each actuator coil
which is connected to the first  is switched on no later than the second
switching, switching device is grounded via a diode, while the   50  there
is no disclosure of a composite drive signal. Es- other terminal is
connected to a driving DC power    sentially, the arrangement is directed
to providing a supply via a counter electro-motive force absorbing  drive
time correction for individual printing wires, rath- circuit.
er than controlling the sequence of switching of the In the circuit
configuration described above, the  first and second switching means. first
driving signal having a pulse duration [err] is de-   55  There is a
requirementfor printers to print at high- livered to the first switching
device in synchronism  er speeds. To comply with this requirement, wires
with a timing control signal. The second driving signal  have been designed
to be at rest for shorter intervals having a pulse duration [err], longer
than that of the  of time, and a higher voltage is applied to each actua- 2
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larger electric current in a shorter  prising a plurality of actuator
coils, afirstswitching de- time. As the response period of the actuator
coils is  vice connectable to a DC power supply and connect- shorter in
this situation, the next character must be  ed to one terminal of each of
the actuatorcoils, a sec- printed before the residual magnetic flux created
by   5   ond switching device connected to the otherterminal the previous
energisation disappears. Further, the   of each of the actuator coils and
also connectable to margin between the instant at which one wire returns
ground, counter electromotive force absorbing means to its home position
and the instant at which the next  coupled to the actuator coils, first
driving signal gen- wire is started to be activated is reduced.
erator means for producing a first driving signal to To permit supply of a
large electric current, the   10  control the first switching device in
response to a print first switching device is a transistor connected to the
timing control signal, the first driving signal having a DC power supply,
which delivers a relatively high vol-  duration [err], second driving
signal generating means tage, usually of the order of 35 V. The base of a
PNP  for producing a second driving signal to control the transistor
thatwithstands 5V cannot be driven direct-  second switching device in
response to the print tim- ly by a TTL circuit. Therefore, it is common
practice to  15  ing control signal, the second driving signal having a
connect an NPN transistor before the first switching  duration [err] that
is longer than the duration [err], device to convert the first driving
signal into a higher  means fordelaying switching on of the second switch-
voltage. On the other hand, the second switching de-  ing device in
response to the second driving signal vice is a further transistor whose
emitter is connected  such that the first switching device is switched on
in to the ground of the DC power supply and so the sec-  20  response to
the first driving signal no later than the ond switching device can be
turned on simply by ap-  second switching device is switched on, character-
plying a signal exceeding a certain level, normally 0.6  ised in that the
delaying means is arranged to supply V, to its base. Consequently, the
second device can  the first driving signal with a delay to the second
driv- be driven directly by a driving signal from a TTL circuit.  ing
signal generating means for initiating the second If the driving signals
for the first and second   25   driving signal. switching devices are
supplied simultaneously, the      The counterelectro-motive force produced
imme- first device is turned on aftera delay equal to the time  diately
after the creation of a dot is absorbed by the taken to turn on the NPN
transistor provided to con-  counter electro-motive force absorbing means
to re- vert the first driving signal to a higher level. Thus, in  turn the
leverand the wire as quickly as possible. The spite of the fact that the
signals for driving both  30   delay time of the delaying means is set such
that the switching devices are supplied simultaneously in re-  first
switching device is turned onsimultaneouslywith sponse to a timing signal,
there exists a period in  orearlierthan the second switching device. This
pre- which only the second switching device conducts.     vents the
generation of electric current which would The electro-motive force induced
in the actuator coil  otherwise be produced by eletro-motive force in- due
tothe residual magneticflux produced bythe pre-  35   duced by the magnetic
flux remaining immediately vious printing step thereby gives rise to a
circulating  before the next activation. As a result, the levers and
electric current The actuator coil for the next lever to  wires return
quickly and accurately to their home pos- be actuated is thus energised
earlier than intended  itions. Consequently, it is possible to operate the
and the character is printed at incorrect timing. That  printing wires at a
correct timing as specified by a is, because counter electro-motive force
still remains   40   driving signal, and to print characters at a high
speed in the actuator coil for the wire about to be driven,  and with a
high print quality. High speed printing can electric current flows through
the coil earlier than in-  thus be achieved. tended as shown in Figure 14.
The lever is attracted    The present invention is described further, by by
unwanted electromagnetic force. This effect      way of example, with
reference to the accompanying builds up as the lever is repeatedly driven
and so the   45   drawings, in which:- amount by which the wire is returned
decreases with     Figure 1 is a block diagram showing a circuit ac- time.
Finally, the wire protrudes towards the platen.   cording to the invention
for activating the print In the worst case, a print wire is caught by the
ink rib-  head of a wire printer, bon and becomes damaged or some dots fail
to be         Figures 2a to 2c are diagrams showing various printed, which
leads to a deterioration in the print  50  examplesof a delaycircuit of
theactivating circuit quality.
shown in Figure 1; It is an object of the present invention to provide
Figure 3 is a blockdiagram showing one example an improved circuit for
activating the print head of a  of a gate array of the activating circuit
shown in wire printer.                                           Figure 1;
According to the present invention, there is pro-  55  Figures 4a to 4d are
diagrams showing various vided a circuit for activating the print head of a
wire  examples of a counter electro-motive force ab- printer, in which
print levers are attracted by respec-  sorbing circuit of the activating
circuit shown in tive actuator coils for advancing print wires fixed to
Figure 1; the lever ends to print dots, the activating circuit corn-
Figure 5 is a timing chart for illustrating the oper- 3    
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activating circuit shown in Figure 1;  resistor 11. The collector of this
transistor is connect- Figure 6 is a graph showing the relation between
edtothe base ofafirstswitching transistor 13 (descri- the electric
currentflowing through each actuator  bed later) via a resistor 12, while
the emitter is ground- coil energised by the activating circuit shown in
5   ed. Thefirstswitchingtransistor 13 isa PNP transistor Figure 1, the
magnetic flux and the displacement  which can withstand sufficiently the
output voltage of the corresponding print wire;                 from a
driving DC power supply (not shown). The Figure 7 is a graph showing the
relation between  emitterofthefirstswitching transistor 13 is connected the
displacement of a print wire and the electric  to the outputterminal [err]
of the DC power supply. The current flowing through its actuator coil when
ac-  10  collector is connected to a respective first terminal of tivated
by the circuit shown in Figure 1;        each of a plurality of
actuatorcoils 19a, 19b, 19c, 19d Figure 8 is a block diagram showing
another ac-  forming a print head, and also to ground via a diode tivating
circuit according to the invention;     14 whose anode is grounded. Figure
9 is a timing chart for illustrating the oper-  In this example, a delay
circuit 15 is connected to ation of the activating circuit shown in Figure
8;   15  the output terminal of the first driving signal generat- Figures
10a and 10b are graphs showing the re-   ing circuit 7, and provides a
delay time AT which is set lation between actuator coil voltage and pulse
such that secondswitching transistors 41a, 41b, 41c, width in the
activating circuit shown in Figure 8;  41d (described later) are turned on
simultaneously Figure 11 is a waveform diagram showing how a    with or
later than the first switching transistor 13. first driving signal of the
activating circuit of Fig-  20  Figure 2a, 2b and 2c show different
examples of ure 1 or Figure 8 may be modified;               the delay
circuit 15. In Figure 2a, a transistor20 is em- Figure 12 is a block
diagram showing another ac-  ployed, and positive use is made of the time
taken to tivating circuit according to the invention;     turn it on. In
Figure 2b, an inverter 23 is connected in Figure 13 is a timing chart for
illustrating the op-  series with an integrator consisting of a resistor 21
eration of the activating circuit shown in Figure  25   and a capacitor 22.
The time required for the integrat- 12;
ed voltage to reach the operating voltage of the inver- Figure 14 is a
graph showing the relation be-    ter23 is utilised. In Figure 2c,
inverters 24,25,26 are tween electric current flowing through an actua-
connected in series and the delay time of the inverter torcoil and
displacement of a printwire that is ac-  circuit is employed. In the
example of Figure 2c, three tivated bythe coil, in a conventional print
head ac-  30  inverters are used but the number may be selected tivating
circuit having no counter electro-motive  according to the required delay
time. force absorbing means; and                           Referring back
to Figure 1, a second driving sig- Figure 15 is a graph showing the
relation be-    nal generating circuit 16 receives the output signal tween
electric current flowing through an actua-  from the delay circuit 15 and
produces a second driv- torcoil and displacement of a printwire in another
35  ing signal [err] having a pulse duration [err] longer than conventional
print head activating circuit having  the pulse duration [err] of the first
driving signal [err]. counter electro-motive force absorbing means.
The gate array 18 has a plurality of output termi- Referring to Figure 1,
there is shown a circuit em-  nals [err] etc. and delivers printing sig-
bodying the present invention for activating the print  nals at these
terminals according to data concerning head of a wire printer. The circuit
includes a central  40   characters to be printed, in synchronism with the
sec- processing unit (CPU) 1, which is connected to a RAM  ond driving
signal [err]. 3, a ROM 4, and an I/O interface 5 via buses 2 to form
Figure 3a shows one specif ic example of the gate a micro-computer for
controlling a printing operation.  array 18. In this example, the gate
array comprises The CPU 1 receives data concerning characters to be  latch
circuits 31, 32, 33, a decoder 34, and a gate cir- printed from an external
device (not shown) via the   45   cuit 35 for selecting one of the latch
circuits 31 to 33. I/O interface 5. In response to the incoming data, the
The latch circuits 31 to 33 are connected to a data bus CPU 1 produces at
an output terminal a timing control  2 via a bufferamplifier 30. The
decoder 34 is connect- signal [err] for activating the print head. The CPU
is also  ed to an address bus 2. Dot signals for effecting a programmed to
deliver a signal via the buses 2 to a  printing operation are latched in
the latch circuits 31, gate array 18 (described later) for selecting each
ac-  50   32, 33 according to the address signal from the ad- tuator coil.
dress bus 2. When the driving signal [err] from the sec- A first driving
signal generating circuit 7, consist-  ond driving signal generating
circuit 16 arrives at the ing of a TTL circuit, receives the timing control
signal  gate array 18, printing signals synchronised with this [err] having
a period [err] from the CPU 1 and delivers a  second driving signal
appearatthe terminals [err]. first driving signal [err] having a pulse
duration of [err] in  55   [err]etc. and are supplied totheactuatorcoils
19a, synchronism with the timing control signal [err]. A level  [err] etc.,
respectively, to which the dots to converter 10, which comprises an NPN
transistor, has  be printed are assigned. a base of the transistor
connected to an output termi-  Referring again to Figure 1, the bases of
the sec- nal of the first driving signal generating circuit 7 via a  ond
switching transistors 41a, 41b, 41c, 41d are con-    7                   EP
0 380 352 B1                  8 



nected to the output terminals [err] re-  ond switching transistor41a or
41c connected to the spectively, of the gate array 18, each second switch-
corresponding actuator coil 19a or 19c of the print ing transistor
consisting of an NPN transistor. The col-  head. Since the first and second
driving signal gen- lectors of the second switching transistors are con-
5   erating circuits 7, 16, and the gate array 18 are each nected to the
second terminals of the actuator coils  composed of a TTL circuit, they
respond at much 19a, 19b, 19c, 19d, respectively, andtheemittersare  higher
speeds than the switching transistors and the grounded. Junction points
42a, 42b, 42c, 42d be-
levelconvertertransistor.Therefore,thedelaysintro- tween the second
switching transistors 41a,41 b, 41c,  duced by them can be neglected. 41d
and the actuator coils [err] respec-   10  Since the first driving signal
S2 applied tothe sec- tively, are connected to an input terminal of a
counter  ond switching transistor 41a is delayed by the time AT
electro-motive force absorbing circuit 44 via diodes  by the delay circuit
15 as described above, the first 43a, 43b, 43c, 43d, respectively, which
are connected  switching transistor 13 is rendered conductive simul- in the
reverse direction as viewed from the powersup-  taneously with or earlier
than the second switching ply terminal [err].
15  transistor41a. When the transistor41a is biased into Figures 4a to 4d
show different examples of the  conduction, the actuator coil [err] or
[err] is supplied counter electro-motive force absorbing circuit44. The
with DC power from the driving DC power supply. example shown in Figure 4a
features a Zener diode       The actuator coil [err] or [err] is energised
with 50. In the example shown in Figure 4b, a Zener diode  electric current
[err] which increases with a time con- 51 having a relatively small current
capacity is con-   20  stant determined by its reactance and internal
resis- nected between the collector and the base of a       tance. When the
time [err] determined by the pulse dur- switching transistor 52. In the
example shown in Fig-  ation [err] of the first driving signal generating
circuit 7 ure [err] a switching transistor 53 is connected in par-
elapses, the first switching transistor 13 is turned off, allel with a
Zener diode 54, and the Zener breakdown  so that the coil  [err] or [err]
is de-energised. voltage of the diode 54 and the conducting voltage of   25
The second driving signal generating circuit 16 the transistor 53 are
utilised. In the example shown in  then continues producing the second
driving signal Figure 4d, a parallel combination of a transistor 56  [err]
to keep the second switching transistor 41a con- and a Zener diode 57 is
connected between the base   ductive. The counter electro-motive force
induced in and the collector of a transistor 55, which controls  the
actuator coil [err] when the first switching transis- conduction. The
conducting voltage of the transistor   30  tor 41a is biased off produces
circulating electric cur- 55 is controlled by the Zener breakdown voltage
of  rent [err] which passes through the second switching the diode 57 and
the conducting voltage of the tran-  transistor 41a, ground, the diode 14,
and the actuator sistor 56.                                           coil
19a in this order. This causes the coil 19a to con- The operation of the
print head activating circuit  tinue generating magnetic flux to attract
the associat- described above will now be described with reference   35  ed
print lever. In this manner, when a time [err] elapses to the waveform
diagram of Figure 5. In the following  since the first driving signal [err]
ceases, i.e. when the description, it will be assumed that the actuator
coils  duration [err] elapses, the driving signal [err] from the 19[err]
and 19[err] control printing of odd numbered rows,  second driving signal
generating circuit 16 ceases. As while the actuator coils 19b and 19d
control printing  a result, the second switching transistor 41a is turned
of even numbered rows.                          40  off. The counter
electro-motive force induced in the The CPU 1 delivers the timing control
signal S[err]  coil 19a then produces electric current [err] which flows
with the period [err] the signal essentially determining  into the DC power
supply after passing through the the movement of the carriage (not shown)
and the     diode43a, the counterelectro-motiveforce absorbing timing of
printing. The first driving signal generating  circuit 44, and the power
supply terminal [err]. Thus, circuit 7 delivers the first driving signal
[err], having the   45   when the voltage generated by the counter electro-
pulse duration [err] in response to the leading edge of  motive force drops
below the sum of the voltage at the timing control signal [err]. The f irst
driving signal [err]  the power terminal [err] the conducting voltage of
the is applied to the level converter 10 so as to turn on  counter
electro-motive force absorbing circuit, and the first switching transistor
13 when the sum of the  the forward voltage of the diode 43a, the current
time required to turn on the transistor 10 and the time   50   ceases,
while the residual magnetic flux decreases required to turn on the
switching transistor 13 passes.  gradually. The relationship between
current, magnet- The firstdriving signal [err]from the first driving sig-
ic flux and print wire displacement is shown in Figure nal generating
circuit 7 is also applied to the delay cir-  6. This assures that the
electro-motive force arising cuit 15, having the delay time AT, and thence
is sup-  from the magnetic flux remaining at the middle point plied to the
second driving signal generating circuit 16   55   of the period is
prevented from producing the electric afterthe delay AT, thus initiating
operation of the gate  current [err] generated in the prior art and
illustrated in array 18.                                           Figure
14. The gate array 18 receives data concerning print-   When the first
printing step ends, the CPU 1 pro- ing characters from the CPU 1 and turns
on the sec-  duces the next timing control signal [err] to permit the 5
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actuator coils 19b and 19d, which were not activated  which is connected to
a RAM 62, a ROM 63, and an in the first printing step, to be energised.
I/O interface 64 via buses 61 to form a micro-comput- Specifically, when
the second timing control sig-  er for controlling a printing operation.
The CPU re- nal [err] is produced, the first driving signal generating   5
ceives data regarding characters to be printed from an circuit 7 delivers a
furtherfirstdriving signal [err] having  external device (not shown) via
the interface 64. The a pulse duration [err]. The first switching
transistor 13  CPU is so programmed that it produces a timing con- receives
the next signal [err] and is turned on after   trol signal [err] for
driving a print head at an output ter- elapse of a time determined by the
sum of the times  minal in response to the incoming data and it produc-
required for the transistor 10 and the switching tran-  10  es an output
signal to a gate array 65 via the buses sistor 13 respectively to be made
conductive. The first  61 to select each actuator coil. A first driving
signal switching transistor 13 then supplies voltage to all the  generating
circuit 66, which comprises a TTL circuit, actuator coils 19a, 19b, 19c and
19d.                delivers a first driving signal [err] having a pulse
dura- Meanwhile, the first driving signal [err] delivered  tion [err] in
synchronism with the timing control signal from the first driving signal
generating circuit 7 is ap-  15   [err] from the CPU 60. An output terminal
of the circuit plied to the delay circuit 15 and is thence fed to the  66
is connected to a first input terminal of the gate ar- second driving
signal generating circuit 16 with the  ray 65. Adelay circuit 67 receives
the first driving sig- delay AT. The circuit 16 produces a further second
nal [err] from the first driving signal generating circuit driving signal
S3 having a pulse duration [err].       66. The signal [err] is delivered
to a second driving sig- Because the second driving signal S3 is delayed
20   nal generating circuit 75 with a delay time AT. This de- by the time
AT by the delay circuit 15, the first switch-  lay circuit 67 can be any
one of the delay circuits ing transistor 13 is biased into conduction
simultane-  shown in Figures 2a to 2c. The delay time is set in ously with
or earlier than the second switching tran-  such a waythatfirstand second
switching transistors sistor 41b or 41d irrespective of the delay in the
re-  (described later) are biased into conduction at the sponseof the
transistor 13 itself and the transistor 10.  25  same time. The second
driving signal generating cir- Accordingly, the DC power supply applies a
reverse   cuit 75 receives the output signal from the delay cir- voltage to
the diode 14.                             cuit 67 and produces a second
driving signal S3 hav- The previously energised actuator coil 19a still
ing a pulse duration [err] longer than that of the first has a residual
magnetic flux and keeps producing     driving signal [err]. electro-motive
force. The voltage developed by the   30  NPN transistors 68a, 68b, 68c,
68d are provided DC power supply maintains the diode 14 cut off.      for
level conversion. Their bases are connected to Therefore, if the second
switching transistor 41 b con-  output terminals [err] respectively, of the
ducts, the counter electro-motive force induced in the  gate array 65,
which produce the first driving signal actuator coil 19a is unable to
energise the coil. For  [err]. The transistors 68a to 68d function to turn
on or this reason, the coil 19a is not now energised with un-  35  off
first switching transistors 69a, 69b, 69c, 69d, re- wanted electric
current, but is driven onlyat thetiming  spectively, each of which is
connected to a terminal specified by the second driving signal [err] at the
gate  [err] of a driving DC power supply. The emitters of the array 18.
Consequently, the print lever and the print  first switching transistors
69a, 69b, 69c, 69d are con- wire move merely as intended in the initial
design. Af-  nected to the terminal [err] of the power supply, while ter
the printing operation, they return to their home   40  their collectors
are connected to respective first ter- positions with certainty.
minals of actuator coils 70a, 70b, 70c, 70d. The bases In this way, when
the first timing control signal [err]  of the transistors 69a, 69b, 69c,
69d are connected to is produced, the print levers which were driven by the
the level conversion transistors 68a, 68b, 68c, 68d, actuator coils 19a and
19c in the previous printing  respectively. Second switching transistors
71a, 71 b, step remain in their home positions. Hence, they can   45   71c,
71d have their collectors connected to the other respond accurately to the
next driving signal.      terminals of the coils 70a, 70b, 70c, 70d,
respectively, The residual magnetic flux produced by the pre-  and their
emitters grounded. The bases of the transis- vious activation thus
generates no electric current  tor71ato71d are connected to terminals [err]
either during the present activation, as shown in Fig-  [err],
respectively, of the gate array 65, which deliver ure 7, or immediately
before the previously selected   50  the second driving signal [err]. The
coils 70a to 70d are wire is next driven. Consequently, every printing wire
furtherconnectedtotheterminal [err] of the powersup- is returned to its
home position in each printing step.  ply via first diodes 73a, 73b, 73c,
73d, respectively, In this way, the present activating circuit controls the
and to ground via second diodes 74a, 74b, 74c, 74d, movement of each print
wire as desired and causes   respectively, to form a counter electro-motive
force the print head of the wire printer to print with a high   55
circuit. print quality.                                          The
operation of the print head activating circuit Referring next to Figure 8,
there is shown an-   shown in Figure 8 will next be described with refer-
other activating circuit according to the invention.  ence to the waveform
diagram of Figure 9. It is as- This circuit includes a central processing
unit 60   sumed in the following description that the actuator 6    11
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coils 70a and 70c are assigned to the odd numbered  and the forward voltage
of the diode 73a, the electric rows and the actuator coils 70b and 70d to
the even  current ceases. The residual magnetic flux then de- numbered
rows.                                     creases gradually. The CPU 60
delivers the timing control signal [err],   5  When the first printing step
ends, the CPU 60 which essentially determines the movement of the
produces the next timing control signal [err] to permit carriage (not
shown) and the timing of the printing.  the actuator coil 68b and 68d not
energised in the first The first driving signal generating circuit 66
delivers  printing step to be energised. the first driving signal [err] of
pulse duration [err] at the  More specifically, the second timing control
sig- leading edge of the timing control signal [err]. The driv-   10   nal
[err] is delivered to thefirst driving signal generating ing signal [err]
is supplied to the level conversion tran-  circuit 66, which produces a
furtherfirstdriving signal sistors 68a, 68b, 68c, 68d from the first
terminals [err],  having a pulse duration [err]. The first switching tran-
[err] of the gate array 65 to bias the first  sistor 69b and 69d receive
this signal and are biased switching transistors 69a and 69c, for odd rows,
into  into conduction after a lapse of time determined by conduction after
a lapse of time corresponding to the   15  the turn on characteristics of
the level conversion turn on characteristics of the devices.
transistors 68b, 68d, and the first switching transis- The firstdriving
signal [err] from the first driving sig-  tors 69b and 69d. The conducting
transistors 69b and nal generating circuit 66 is also applied to the delay
69d apply a voltage to the actuator coils 70b and 70d circuit 67 and thence
to the second driving signal gen-  forthe even rows. The first driving
signal [err] produced erating circuit 75 with the delay time [err] added by
the   20  by the first driving signal generating circuit 66 is also delay
circuit 67. Thus, the timing at which the gate ar-  applied to the delay
circuit 67 and thence to the sec- ray 65 operates is determined. The gate
array 65 re-  ond driving signal generating circuit 75 with a delay ceives
data concerning characters to be printed from  AT. The circuit 75 thus
delivers a further second driv- the CPU 60 and produces the second driving
signal  ing signal S3 of pulse duration [err]. [err] from the terminal, for
example [err], connected with  25  Because of the delay, the first
switching transis- the corresponding actuator coil, such as 70a.      tor
69b and 69d are turned on simultaneously with or Since the first switching
transistors 69a and 69c  earlier than the second switching transistors 71 b
and conduct concurrently with the second switching tran-  71d, irrespective
of the delay introduced by the times sistors 71a, 71 b, 71c, 71d, as
mentioned previously,  required for the first transistors 68b and 68d and
69b the DC voltage from the DC power supply is applied   30  and 69d to be
biased on. Then, the voltage from the to the actuator coil 70a or 70c when
the second     DCpowersupplyisappliedtothediodes74band74d switching
transistor 71a is rendered conductive.   to bias them into cut off. Atthis
time, the actuatorcoils The actuator coil 70a or 70c is supplied with elec-
70a and 70c that were energised during the previous tric current [err],
which increases with a time constant  activation are still affected by the
residual magnetic determined by its reactance and internal resistance.  35
flux and keep producing electro-magnetic force. How- When the time [err]
determined by the pulse duration  ever, the voltage from the DC powersupply
keeps the [err] of the first driving signal [err] elapses, the first
diodes 74b and 74d cut off. Therefore, the counter switching transistor 69a
or 69c is switched off, so that  electro-motive force induced in the
actuator coils 70a the coil 70a or 70c no longer receives electric current
and 70c is able to produce no electric current. In this from the driving DC
power supply.              40   way, the electromotive force attributed to
the resid- Meanwhile, the second driving signal generating  ual
magneticflux develops noelectric current. Hence, circuit 75 still produces
the second driving signal [err]  each print levermovesjust as intended and
returns to to keep the second switching transistor 71a conduc-  its home
position. Thus, it is ready for the next activa- tive. The counter
electromotive force induced in the  tion. actuator coil 70a due to cut off
of the first switching   45  It is necessary that the pulse duration [err]
and [err] transistor 69a produces a circulating current [err] that  each be
selected to be a maximum in synchronism flows through the second switching
transistor 71a,  with the period of the response of the print head. the
diode 74a, and the actuator coil 70a. This makes  Generally if the pulse
durations are set long, the re- the coil 70a continue to produce magnetic
flux, thus  sidual magnetic flux delays the restoring action, pro-
continuing to attract the print lever. When the duration   50  ducing
imperfect printing. Also it is difficult to print [err] elapses, the
driving signal [err] from the second  characters at a high speed. On the
other hand, if the driving signal generating circuit 75 ceases and the
pulse durations are short, it is necessary to supply a second switching
transistor 71a is switched off. Then,  substantial amount of energy to the
actuator coils, the counter electromotive force induced in the coil  thus
increasing the eddy current loss. As a result, the 70a produces electric
current [err] which flows through   55   actuator coils produce unwanted
heat. the coil 70a, the diode 73a, and the terminal [err] of the
Experiment has shown that if the optimum pulse DC power supply. When the
voltage produced by the  durations [err] and [err] and the response period
[err] (per- counter electro-motive force decreases below the   iod of the
timing control signal [err]) satisfy the relations sum of the voltage at
the power supply terminal [err] 7    13                  EP 0 380 352 B1
14 



[err]        Obviously, a capacitor can be connected with plural [err]
actuator coils, provided that the relation then good results are obtained.
[err] Preferably, the pulse durations [err] and [err] are   5
[err] modified according tothethicknessof the paper to be  is appropriately
catered for. printed. If the paper is thick, they are altered to be lon-
ger than the initially set value. If the paper is thin, the pulse durations
[err] and [err] are modified to be shorter.  Claims Also, it is desirable
to change the pulse duration   10 [err] according to either the power
supply voltage ap-  1. Acircuitforactivating the print head of a wire prin-
plied to each actuator coil or the voltage applied be-  ter, in which print
levers are attracted by respec- tween the two terminals of each actuator
coil. The     tive actuator coils for advancing print wires fixed modified
pulse duration is obtained empirically and    to the lever ends to print
dots, the activating cir- given by                                      15
cult comprising a plurality of actuator coils (19, B
70), a first switching device (13, 69) connectable [err]
to a DC power supply and connected to one ter- [err] where [err] is the
detected voltage applied to the actua-  minal of each of the actuator
coils, a second tor coil, and Aand B are constants and assume values
switching device (41, 71) connected to the other defined by
20     terminal of each of the actuator coils and also [err]  200 [err] A
[err] 800, 3 [err] B [err] 30               connectable to ground, counter
electromotive As an example, the relation between the detected       force
absorbing means (14, 43, 44, 73, 74) cou- voltage applied to the actuator
coil and the pulse dur-  pled to the actuator coils, first driving signal
gen- ations [err] are shown in Figures 10a and lOb.      erator means (7,
66) for producing a first driving In the above examples, each first
switching tran-  25  signal to control the first switching device in re-
sistor is driven with a single pulse signal. In an alter-  sponse to a
print timing control signal, the first native chopping driving system, one
stage of the first  driving signal having a duration [err], second driv-
driving signal [err] may be divided into plural pulses [err],  ing signal
generating means (16, 75) for produc- P2, P3 and P4 as shown in Figure 11
so that the coil  ing a second driving signal to control the second current
may rise at a higher speed. The leading edge   30  switching device in
response to the print timing of the second driving signal [err] is delayed
by the time  control signal, the second driving signal having a AT with
respect to the leading edge of the first pulse  duration [err] that is
longer than the duration [err], [err] of the first driving signal [err].
This yields the same  means (15, 67) for delaying switching on of the
advantages as described above. Of course, the sec-     second switching
device in response to the sec- ond driving signal [err] continues to be
delivered after  35  ond driving signal such that the first switching de-
the end of the pulse [err]. At this time, the print wire is  vice is
switched on in response to the first driving being accelerated and so the
electric current arising  signal no later than the second switching device
from the counter electromotive force contributes to   is switched on,
characterised in that the delaying the acceleration of the wire without
adverse effect.   means (15,67) isarrangedtosupplythefirstdriv- In the
above examples, it is possible for capaci-  40  ing signal with a delay to
the second driving sig- tors 100a to 100d to be connected, respectively,
be-    nal generating means (16, 75) for initiating the tween both ends of
the corresponding switching         second driving signal. meansto regulate
the electric currents supplied tothe actuator coils 70a to 70d when the
print levers are  2. An activating circuit according to claim 1, charac-
driven, as shown in the activating circuit of Figure 12,  45  tensed in
that the delaying means comprises a which differs from that of Figure 8
only in the provision  transistor (20), and provides a delay based on the
of the capacitors. The capacitors act as electrical   time required for the
transistor to be rendered power storing means when the coils 70a to 70d are
conductive. not energised. The capacitances of the capacitors I 00a to 100d
50  3. An activating circuit according to claim 1 or claim are selected
such that the relation                   2, characterised in that the
delaying means com- [err]                      prises an integrating
circuit (21, 22). is met, to prevent a drop [err] of the electric current
dur- ing activation as shown in Figure 13. In the above  4. An activating
circuit according to claim 1, 2 or 3, equation, C is the capacitance of
each capacitor, and   55  characterised in that the delaying means com- L
is the inductance of each actuator coil.            prises at least one
inverter (23, 24, 25, 26). In the example shown in Figure 12, a single ca-
pacitorisconnected with each individual actuatorcoil.  5. An activating
circuit according to any preceding claim, characterised in that the first
switching de-    13                  EP 0380352 B1                    14
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[err]       Obviously, a capacitor can be connected with plural [err]
actuator coils, provided that the relation then good results are obtained.
[err] Preferably, the pulse durations [err] and [err] are   5 modified
according to the thickness of the paperto be  is appropriately catered for.
printed. Ifthe paper is thick, they are altered to be lon- ger than the
initially set value. If the paper is thin, the pulse durations [err] and
[err] are modified to be shorter.  Claims Also, it is desirable to change
the pulse duration   10 [err] according to either the power supply voltage
ap-  1. Acircuitfor activating the print head of a wire prin- plied to each
actuator coil or the voltage applied be-  ter, in which print levers are
attracted by respec- tween the two terminals of each actuator coil. The
tive actuator coils for advancing print wires fixed modified pulse duration
is obtained empirically and    to the lever ends to print dots, the
activating cir- given by                                       15      cuit
comprising a plurality of actuator coils (19, B
70), a first switching device (13, 69) connectable [err]
to a DC power supply and connected to one ter- where [err] is the detected
voltage applied to the actua-  minal of each of the actuator coils, a
second tor coil, and Aand B are constants and assume values    switching
device (41, 71) connected to the other defined by
20      terminal of each of the actuator coils and also [err]
connectable to ground, counter electromotive As an example, the relation
between the detected      :force absorbing means (14, 43, 44, 73, 74) cou-
voltage applied to the actuator coil and the pulse dur-  pled to the
actuator coils, first driving signal gen- ations [err] are shown in Figures
1Oa and 10b.      erator means (7, 66) for producing a first driving In the
above examples, each first switching tran-  25  signal to control the first
switching device in re- sistor is driven with a single pulse signal. In an
alter-  sponse to a print timing control signal, the first native chopping
driving system, one stage of the first  driving signal having a duration
[err], second driv- driving signal [err] may be divided into plural pulses
[err],  ing signal generating means (16, 75) for produc- P2, P3 and P4 as
shown in Figure 11 so that the coil   ing a second driving signal to
control the second current may rise at a higher speed. The leading edge
30  switching device in response to the print timing of the second driving
signal [err] is delayed by the time  control signal, the second driving
signal having a AT with respect to the leading edge of the first pulse
duration [err] that is longer than the duration [err], [err] of the first
driving signal [err]. This yields the same  means (15, 67) for delaying
switching on of the advantages as described above. Of course, the sec-
second switching device In response to the sec- ond driving signal [err]
continues to be delivered after  35  ond driving signal such that the first
switching de- the end of the pulse [err]. At this time, the print wire is
vice is switched on in response to the first driving being accelerated and
so the electric current arising  signal no later than the second switching
device from the counter electromotive force contributes to    is switched
on, characterised in that the delaying the acceleration of the wire without
adverse effect.    means (15,67) is arranged to supply thefirstdriv- In the
above examples, it is possible for capaci-  40  ing signal with a delay to
the second driving sig- tors 100a to 100d to be connected, respectively,
be-   nal generating means (16, 75) for initiating the tween both ends of
the corresponding switching         second driving signal. means to
regulate the electric currents supplied to the actuator coils 70a to 70d
when the print levers are  2. An activating circuit according to claim 1,
charac- driven, as shown in the activating circuit of Figure 12,  45
terised in that the delaying means comprises a which differs from that of
Figure 8 only in the provision  transistor (20), and provides a delay based
on the of the capacitors. The capacitors act as electrical    time required
for the transistor to be rendered power storing means when the coils 70a to
70d are      conductive. not energised. The capacitances of the capacitors
100a to 100d   50  3. An activating circuit according to claim 1 or claim
are selected such that the relation                    2, characterised in
that the delaying means com- [err]                          prises an
integrating circuit (21, 22). is met, to prevent a drop [err] of the
electric current dur- inc activation as shown in Figure 13. In the above
4. An activating circuit according to claim 1, 2 or 3, equation, C is the
capacitance of each capacitor, and  55  characterised in that the delaying
means com- L is the inductance of each actuator coil.             prises at
least one inverter (23, 24, 25, 26). In the example shown in Figure 12, a
single ca- pacitor is connected with each individual actuator coil.  5. An
activating circuit according to any preceding claim, characterised in that
the first switching de- 8    15               EP 0 380 352 B1
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*   C   L   M   S  * vice comprises a switching element (13) which is
ply. connected to the first terminals of a plurality of the actuator coils.
5   PatentansprOche S     6. An activating circuit according to any of
claims 1 to 4, characterised in that the first switching de-  1. Schaltung
zum Aktivieren des Druckkopfs eines vice comprises a plurality of switching
elements    Nadeldruckers, in welchem Druckhebel durch (69), each of which
is connected to the first ter-  zugehorige Betitigungsspulen angezogen wer-
minal of a respective actuator coil.       10      den, um an den
Hebelenden befindliche Druck- nadeln zum Drucken von Punkten vorzurucken,
7. An activating circuit according to any of the pre-  wobei die
Aktlivierungsschaltung umfagt mehre- ceding claims, characterised in that
the duration   re Betatigungsspulen (19, 70), eine erste Schal- [err] and
the duration [err] satisfy the conditions    tereinrichtung (13, 79), die
an eine Gleichspan- [err]   nungsquelle anschlielbar ist und an einen An-
[err]                schluB jeder der Betigigungsspulen anschlieg- where
[err] is the period of the print timing control  bar ist, eine zweite
Schaltereinrichtung (41, 71), signal.
die an den anderen AnschluS jeder der Betiti- gungsspulon angeschlossen und
an Masse an- 8. An activating circuit according to any of the pre-  20
schlielbar ist, Gegen-EMK-Absorbiermittel (14, ceding claims, characterised
in that the duration  43,44,73,74), die mitden Betitigungsspulen ge- [err],
is modified as follows:                         koppelt sind, eine orate
Treibersignalgenerator- B                         einrichtung (7, 66) zum
Erzeugen eines ersten [err]                     Treibersignals, um die
erste Schaltereinrichtung where Vp is the voltge of the power supply and A,
25  ansprechend auf sin Druck-Zeitsteuersignal zu B are constants such that
steuern, wobei das erste Treibersignal eine Dau- [err]
er T1, besitzt, eine zweite Treibersignalgenera- [err]
toreinrichtung (16, 75) zum Erzeugen eines zwei- ten Treibersignals, um die
zweite Schaltereinrich- 9. An activating circuit according to any of the
pre-  30  tung   ansprechend   auf   das   Druck- ceding claims,
characterised In that the first driv-  Zeitseuersignal zu steuern, wobei
das zweite ing signal comprises a plurality of pulses (P[err]
Treibersignal eine Dauer T1, die linger als die P3, P4), each having a
pulse width less than T[err].  Dauer T1, ist, aufweist, elne Einrichtung
(15, 67) zum Verz6gern des Einschaltens der zweiten 10. An activating
circuit according to any of the pre-  35  Schaltereinrichtung in
Abhangigkeit des zweiten ceding claims, characterised by a plurality of ca-
Treibersignals derart, daB die erste Schalterein- pacitors (100), each of
which is connected be-     richtung ansprechend auf das erste Treibersignal
tween the connection of the first switching device  nicht spiter
eingeschaltet wird als die zweite to the DC power supply and the connection
of the    Schaltereinrichtung, dadurch gekennzeichnet, y   second switching
device to ground.     40      dag die Verzagerungseinrichtung (15, 67)
derart ausgebildet ist, daB sie das erste Treibersignal 11. An activating
circuit according to any of the pre-  mit elner Verzogerung an die zweite
Treibersi- ceding claims, characterised in that the first
gnalgeneratoreinrichtung (16, 75) liefert, um das switching means (13,69)
receives its input signal  zweite Treibersignal einzuieiten. via a level
conversion means (10, 68).     45 2. Aktivierschaltung nach Anspruch 1,
dadurch ge- 12. An activating circuit according to any of the pre-
kennzeichnet, daS die Verz6gerungseinrichtung ceding claims, characterised
in that first diodes  einen Transistor (20) aufweist und eine Verzoge- (14,
74) are connected between said one termi-     rung auf der Grundlage der
Zeit bereitstellt, die nal of each actuator coil and ground in the re-  50
erforderlich ist, damit der Transistor leitend ge- verse direction as
viewed from the DC powersup-    macht wird. ply. 3. Aktivierungsschaltung
nach Anspruch I oderAn- 13. An activating circuit according to claim 12,
char-  spruch 2, dadurch gekennzeichnet, daB die Ver- acterised in that
second diodes (73) are each   55  zogerungsschaltung eine
Integrierschaltung (21, connected between said other terminal of each
22) aufweist. actuator coil and the DC power supply in the re- verse
direction as viewedfromthe DC powersup-   4. Aktivierschaltung nach
Anspruch 1,2 oder 3, da- durch gekennzeichnet, daB die Verzogerungs- 9    
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einrichtung mindestens einen Negator (23, 24,     daa erste Dioden (14,74)
zwischen den enen An- 25, 26) aufweist.
schluB% jeder Betatigungsspule und Masse in Sperrichtung be! Betrachtung
von der Gleich- Xt Aktivierungsschaltung nach jedem vorhergehen-   5
spannungsquelle aus geschaltet sind. den Anspruch, dadurch gekennzeichnet,
daB die erste Schaltereinrichtung in Schaltelement (13)  13.
Aktivierungsschaltung nach Anspruch 12, da- aufweist, welches an die ersten
Anschrlusse von   durch gekennzeichnet, daa zweite Dioden (73) mehreren
Betatigungsspulen angeschlossen ist.    jeweilszwischen den anderen
AnschluBajeder Be- lO     tatigungsspule und die Gloichspannungsquelle 6.
Aktivierungsschaltung nach jedem der Ansprfi-     geschaltot sind, und zwar
in Sperrichtung bei Be- che I bis 4, dadurch gekennzeichnet, daa die er-
trachtung aus der Sicht der Gleichspannungs- ste Schaltereinrichtung
mehrere Schalterele-      quelle. mente (69) aufweist, von denen jades an
den er- sten Anschlul einer zugehorigen Betitigungs-  15 spule
angeschlossen ist.                      Revendications 7.
Aktivierungsschaltung nach jedem dervorherge-  1. Circuit d'activation de
la tet d'impression d'une     S henden AnsprGche, dadurch gekennzeichnet,
imprimante matricielle, dane laquelle des leviers Q'-~'  daa die Dauer T1i
und die Dauer T1C den Bedin-  20  d'impression sont attires par des
enroulements gungen                                            actionneurs
correspondants pour faire avancer Tia + T1i c          Tia  < 0,9
des file d'impression fix6es aux extr6mites des le- O,25         .     UT,
T1. + T1.               viers pour imprimer des points, le circuit
d'activa- erfullen, wobei T1 die Dauer des Druck-           tion comprenant
une pluralite d'enroulements ac- Zeitsteuersignals ist.
25     tionneurs (19, 70), un premier dispositif de          6 commutation
(13, 69) susceptible d'etre reli6 a 8. Aktivierungsschaltung nach jedem
dervorherge-     une source d'alimentation en courant continu et henden
Ansprflche, dadurch gekennzeichnet,        connecte a une borne de chacun
des enroule- daS die Dauer Tim wie folgt modifiziert wird:     ments
actionneurs, un second dispositif de B                so      commutation
(41,71) connect6 A l'autre borne de Ti, - Aln (1   V)
chacun des enroulements actionneurs et pouvant VP wobei Vp die Spannung der
Spannungsversor-        etre egalement connecte A la masse, un moyen gung
und A, B solche Konstanten sind, dal gilt:   absorbant les forces
contre-6lectromotrices (14, 200 5 A 5 800                               43,
44, 73, 74) accoupl6 aux enroulements ao- 3 5 B  30.
35      tionneurs, un premier moyen generatbur de si- gnal de commando (7,
66) pour produire un pre- 9. Aktivierungsschaltung nach jedem dervorherge-
mier signal de commando destine A commander henden Ansprulche, dadurch
gekennzeichnet,       le premier dispositif de commutation en reponse daB
das erste Trelbersignal mehrere Impulse (P1,  A un signal de commando de
synchronisation P2, P3, P4) aufweist, die jeweils eine Impulsbreite  40
d'impression, le premier signal de commande von weniger als T1, haben.
ayant une dur6e Tim, un second moyen g6nera- tour de signal de commande
(16, 75) pourformer 10. Aktivierungsschaltung nachjedem dervorherge-     un
second signal de commando destine a henden Anspruche, gekennzeichnet durch
meh-       commander le second dispositif de commutation rare Kondensatoren
(100), von denen jeder zwi-  45  en reponse au signal de commando de
synchro- schen die Verbindung der erston Schaltereinrich-  nisation
d'impression, le second signal de tung mit der Gleichspannungsquelle sowie
die      commando ayant une dur6e T10 qui est superiu- Verbindung der
zweiten Schaltereinrichtung mit   re A la dunre Tim, un moyen (15, 67) pour
retarder Masse geschaltet ist.                            Ia commutation A
l'6tat passant du second dispo- 50     sitif de commutation en r6ponse au
second signal 11. Aktivierungsschaltung nach jedem der vorherge-   de
commando de fagon quo le premier dispositif henden Anspruche, dadurch
gekennzeichnet,         de commutation solt commut al'tat passant en
9.1 daB die erste Schaltereinrichtung (13, 79) ihr Ein-  reponse au premier
signal de commando pas gangssignal Obereine Pegelumsetzereinrichtung
plus tard quo la commutation a l'etat passant du (10, 68) empfangt.
55       second dispositif de commutation, caract6ris6 en ce quo le moyen
retardateur (16, 67) eat agence 12 Aktivierungsschaltung nach jedem
dervorherge-     pour delivrer Is premier signal de commando henden
Anspruche, dadurch gokennzeichnet,         avec un certain retard au second
moyen genera-     10. tour de signal de commando (16, 75) pour lancer 10
,,: i~~   
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le second signal de commando.                      revendications
pr6c6dentes, caracterise par une pluralite de condensateurs (100), dont
chacun est 2. Circuit d'activation selon la revendication 1, ca-  mont6
entre la connexion du premier dispositif de ract6risb en ce quo lo moyen
retardateur compor-   5  commutation A la source de tension en courant to
un transistor (20), et introduit un retard fonction  continu et la
connexion du second dispositif de du temps n6cessaire pour quo le
transistor soit    commutation A la masse. amene a l'btat conducteur. 11.
Circuit d'activation selon l'une quelconque des 3. Circuit d'activation
selon la revendication I ou 2,  10  revendications prbcedentes, caracterisb
en co caractense en co quo le moyen retardateur          que le premier
moyen de commutation (13, 69) comport. un circuit d'integration (21, 22).
recoit son signal d'entrbe par l'intermbdiaire d'un moyen convertisseur de
niveau (10, 68). 4. Circuit d'activation selon la revendication 1, 2 ou 3,
caracteise en co quo le moyen retardateur  15  12. Circuit d'activation
selon l'une quelconque des comprend au moins un inverseur (23,24,25,26).
revendications precedentes, caracterise en ce quo des premieres diodes (14,
74) sont connec- 5. Circuit d'activation selon l'une quelconque ds re-
t6es entre ladite premibre borne de chaque en- vendications prbcedentbs,
caractrise en ce que      roulement actionneur et la masse dans la direo-
Is premier dispositif de commutation comprend   20  tion inverse consideree
depuis la source de ten- un element de commutation (13) qui est reliI aux
sion en courant continu. premieres bornes d'une pluralitb d'enroulements
actionneurs.                                    13. Circuit d'activation
selon la revendication 12, ca- racteiis6 on ce quo des secondes diodes (73)
6. Circuit d'activation selon 'une quelconque des   25  sont connectees
chacune entre ladite seconds revendications I A 4, caractrlis en ce quo le
pre-  borne de chaque enroulement actionneur et la mier dispositif de
commutation comprend une        source de tension en courant continu dans
la di- pluralitb d'elements de commutation (69), dont     rection inverse
consideree depuis la source de chacun est relie A la prerniere borne d'un
enrou-  tension en courant continu. lement actionneur correspondant.
30 7. Circuit d'activation selon I'une quelconque des revendications
pricidentes, caracterise en ce quo la dunre TIa et la duree TC satisfont
les condi- tions:                                     35 0,25   T1.+ T1"
05et05            T 50 ob T1 est la perbode du signal de commando de
synchronisation d'impression. 40 8. Circuit d'activation selon l'une
quelconque des revendications precedentes, caracterise en co quo la durbe
T1. est modifiee de la manibre sui- vante TI, - Aln(1 - - VP ou V,, est la
tension de la source d'alimentation et A, B sont des constantes tolles que
200 5 A 5 800 35B530.                               50 9. Circuit
d'activation selon 'une quelconque des revendications precedentes,
caracterise en ce quo le premier signal de commande comprend une pluralite
d'impulsions (P1, P2, P3, P4), ayant  55 chacune une largeur d'impulsion
inferieure A T1.. 1O. Circuit d'activation selon l'une quelconque des    


