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The application to typewriters and printers is suggested.
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SPECIFICATION
Improvements in or relating to a driving device for a stepping motor

THIS INVENTION relates to a driving device for a stepping motor, and more particularly to a
driving device for a stepping motor which detects an electromotive force (hereinafter referred to
as EMF) appearing upon driving of a stepping motor to effect closed-loop control of the stepping
motor.

A driving device is already known wherein an EMF induced in a field winding of a stepping
motor is detected to detect a position of a rotor in order to effect closed-loop control of the
stepping motor in accordance therewith.

Conventionally, stepping motor driving devices of the type mentioned are disclosed, for
example, in U.S. Patent No. 4,282,471 (issued on August 4, 1981) and Japanese laid-open
Patent No. 59—181999 (laid open on October 16, 1984).

The stepping motor driving device disclosed in U.S. Patent No. 4,282,471 detects a back EMF
induced in a field winding of a non-excited phase by a mutual inductance with a field winding of
an excited phase to detect a position of the rotor of a stepping motor.

Meanwhile, the stepping motor driving device disclosed in Japanese laid-open Patent No.
59-181999 directly detects, by means of specifically provided sensing means, an EMF induced
by a permanent magnet of a stepping motor to detect a position of the rotor of the stepping
motor. '

On the other hand, the present applicant has already proposed a driving device for a stepping
motor which, taking it into consideration that an electric current flowing through a field winding
of an excited phase of a stepping motor contains a back EMF induced by a self inductance of
the winding, detects an EMF induced in the field winding by a magnetic pole of a field magnet
of the rotor to detect a position of the rotor of the stepping motor to control rotation of the
stepping motor (see co-pending British Patent Application 8618124).

However, the stepping motor driving device described just above has a drawback that it is
necessary tp adjust the level and the time constant of a CR circuit because a saturation curve
which is to be substracted from a voltage corresponding to an electric current flowing through a
field winding of an excited phase in order to detect a back EMF is produced from the CR circuit.

it has another problem that the circuit construction is complicated and adjustment of the gain
and offset of an operational amplifier is necessary for each phase.

According to one aspect of the present invention, a driving device for a stepping motor
comprises detecting means for detecting a voltage corresponding to an electric current flowing
through field windings of individual phases of the stepping motor, storing means in which
saturation curves of electric currents flowing through the field windings of the phases are stored,
analog to digital converter means for converting a voltage detected by the detecting means into
a digital value, comparing means for comparing the voltage value thus converted by the analog
to digital converter means with a value of the saturation curves stored in the storing means, and
driving signal developing means for developing a driving signal for a subsequent next step when
a difference between the voltage value and the value of the saturated curves at the comparing
means reaches a predetermined value.

Accordingly, a voltage corresponding to an electric current flowing through a field winding of
each phase is detected and then compared with stored values of a saturation curve to detect
the position of the rotor of a stepping motor to control outputting of a driving signal. Thus, the
present invention presents several effects that the circuit construction is simplified and the
necessity of adjustments between a gain and an offset for individual phases is eliminated and
that a driving device for a stepping motor can be provided which eliminates the necessity of a
CR circuit that has been used to produce a saturation curve in a conventional driving device.

Preferably said detecting means includes a resistor of a low resistance connected in series to
each of the field windings of the motor.

Conveniently said analog to digital converter means includes means for successively developing
values in accordance with one of the saturation curves for a particular one of the field windings
of the motor, a digital to analog converter for converting the successively developed values into
a corresponding voltage, and comparator means for comparing the voltage detected by said
detecting means for the particular field winding with the voltage from said digital to analog
converter.

Advantageously said detecting means includes a plurality of resistors of a low resistance
connected in series to the field windings of the motor, and said comparator means includes a
plurality of comparators each connected to one of said resistors and to said digital to analog
converter.

Conveniently said detecting means includes a plurality of resistors of a low resistance con-
nected in series to the field windings of a motor, and said comparator means includes a data
selector connected to said resistors for selectively developing a voltage detected by a particular
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one of said resistors, and a comparator connected to compare the voltage developed from said
data selector with said detecting means with the voltage from said digital to analog converter.

Advantageously the device further comprises means for receiving a total step value indicative
of a total number of steps for the motor to rotate, means containing a present step value
indicative of a present number of steps the motor has rotated, and means responsive to the
present number and/or the total number of steps for causing said driving signal developing
means to produce a driving signal independent of the difference between the voltage value and
the value of the saturated curves for a first and/or a last particular number of steps during
rotation of the step motor for the total number of steps.

Preferably said particular number of steps is 3 or a value around 3.

The apparatus may further comprise saturation curve producing means for producing saturation
curve for one of the field windings of the motor and for storing several data for the saturation
curve produced into said storing means.

Alternatively the apparatus may further comprise saturation curve producing means for produc-
ing saturation curves for the field windings of the motor and for storing several data of the
saturation curves produced into said storing means.

Conveniently said saturation curve producing means is operable each time the motor is to be
rotated from one to another angular position.

Advantageously said saturation curve producing means includes means for energizing one of
the field windings of the motor with a predetermined voltage, means for measuring voltages at
first, second and third points of time before and -after starting energization of the field winding
before and after saturation is reached, respectively, and means for calculating several data of a
saturation curve from the voltages at the first, second and third points of time.

According to another aspect of this invention there is provided a simulating device for produc-
ing a simulated saturation curve for a field winding of a stepping motor, comprising means for
detecting a current flow in the field winding as a voltage signal, means for energizing the field
winding with a first predetermined voltage insufficient for the motor to rotate, means for taking
voltage signals from said means for detecting at different points of time befor and after starting
energization. of the field winding, means for calculating several data of a saturation curve from
the voltage signals at the different points of time, means for storing the calculated data therein,
means for successively recalling the stored data when the field winding is energized with a
second predetermined voltage to rotate the motor, and means responsive to each of the recalled
data for producing a voltage corresponding to the data.

Preferably said means for detecting is a resistor of a low resistance connected in series to the
field winding.

Advantageously the different points of time after energization of the field winding with the first
predetermined voltage include first and second points of time before and after saturation is
reached, respectively.

In order that the invention may be more readily understood, and so that further features
thereof may be appreciated the invention will now be described by way of example with
reference to the accompanying drawings in which:

Figure 1 is a circuit diagram of a driving device for a stepping motor showing an embodiment
of the present invention;

Figure 2 is a flowchart showing a main routine for the stepping motor driving device shown in
Fig. 1; .

Figures 3(a) to 3(c) are flowcharts showing a saturation curve producing routine of the main
routine of Fig. 2;

Figure 4 is a flowchart showing a drive routine of the routine of Fig. 2;

Figures 5(a) to 5(d} are driving signal data tables individually showing driving signal data;

Figure 6 is a diagram illustrating a saturation curve and measured values of the same;

Figure 7 is a diagram useful in explaining a control voltage value which is a difference between
a voltage value corresponding to a winding current and a saturation curve;

Figure 8 is a diagram useful in explaining a slow-up drive and a slow-down drive;

Figure 9 is a diagram showing a relationship between a step number and a controlling voltage
value;

Figure 10 is a time chart showing waveforms of various signals when the stepping motor
driving device of Fig. 1 operates to forwardly rotate a stepping motor in the one phase driving;

Figure 11 is a time chart showing waveforms of various signals when the stepping motor
driving device of Fig. 1 operates to forwardly rotate a stepping motor in the two phase driving;

Figure 12 is a circuit diagram of a driving device for a stepping motor showing another
embodiment of the present invention; and

Figure 13 is a circuit diagram of a driving device for a stepping motor showing a further
embodiment of the invention.

Referring first to Fig. 1, a circuit diagram of a stepping motor driving device according to a
first embodiment of the present invention is shown. In the stepping motor driving device of the
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present embodiment, an end of each of phase field windings ¢, to ¢, of a stepping motor is
connected to a voltage supply line which supplies a driving voltage Vm and the other end is
connected to the collector of a corresponding one of switching transistors T, to T, of the NPN
type. The emitters of the switching transistors T, to T, are grounded via resistors R;, R,, R; and
R, having relatively low resistances for detecting electric currents flowing through the windings
of the motor and are connected to input terminals of operational amplifiers OP, to OP,, respec-
tively.

The operational amplifiers OP, to OP, are connected to inverting input terminals of compara-
tors CP, to CP,, respectively. Output terminals of the comparators CP, to CP, are connected to
input ports of an input/output interface (hereinafter referred to as an 1/O interface) 20 having 8
bit digital output ports which are connected to input terminals of a digital to analog converter
(hereinafter referred to as a D/A converter) 30. An output terminal of the D/A converter 30 is
connected to non-inverting input terminals of the comparators CP, to CP,. The comparators CP,
to CP,, the 1/O interface 20 and the D/A converter 30 constitute an analog to digital (A/D)
converter of the successive comparison type which itself is well known in the art. '

The 1/0 interface 20 is connected via a bus to a central processing unit (hereinafter referred to
as a CPU) 40 which is in turn connected to a memory 50 including a read only memory (ROM)
and a random access memory (RAM). Driving signals Phase 1 to Phase 4 for individual phases
are delivered from the output ports of the /O interface 20 to the bases of the transistors T, to
T,. respectively.

Now, operation of the stepping motor driving device of the present embodiment having such a
construction as described above will be described. It is to be noted that the following descrip-
tion of operation will proceed on the assumption that the stepping motor driving device of the
embodiment is incorporated in a printer.

Referring first to Fig. 2 which shows the flowchart of a main routine, after turning on of the
power to start the printer, the entire system is initialized mechanically and electrically, and then a
subroutine for production of a saturation curve (Figs. 3(a) to 3(c)) is executed at step 201.

In the saturation curve producing subroutine of Figs. 3(a) to 3(c), at first at step 301, a driving
signal Phase 1 for the first phase is outputted from the 1/0 interface 20 to excite the field
winding ¢,. Thereafter, at step 302, a wait time, for example, of 100 microseconds or so is
spent until the electric current becomes saturated, and then at step 303, an offset value V,,
(refer to Fig. 6) of a saturation curve for the second phase, that is, an output Cur2 of the
operational amplifier OP,, is measured. Subsequently at step 304, the driving signal Phase 1 for
the first phase is stopped to turn off the excitation of the field winding ¢, while a driving signal
Phase 2 for the second phase is outputted to excite the field winding ¢, to rotate the motor one
step. Then at step 305, after one step rotation of the motor, excitation of the field winding ¢, is
stopped once, and then it is excited again (during this re-excitation, the measurement of step
303 may be executed instead) and an intermediate value V,, (refer to Fig. 6) of a saturation
curve Cur2 is measured after lapse of an interval of time t, after starting the re-excitation of the
field winding ¢,. Thereafter at step 306, a wait time is spent until the electric current becomes
saturated, and then at step 307, a saturation value V,, of the saturation curve Cur2 is mea-
sured. Consequsntly, values at the three peoints including the offset value V,. the intarmediate
value V,, and the saturation value V, for determining the saturation curve Curf2 for the second
phase therewith are measured.

After then, steps 308 to 312, 313 to 317 and 318 to 322 similar to the steps 303 to 307,
respectively, are executed to determine saturation curves Cur3, Cur4 and Cur1 for the third,
fourth and first phases, respectively, and thus values at the three points including offset values
V.. Vo and V,,, intermediate values V,,, V., and V,,, and saturation values V3, V., and V.,
are measured, respectively.

Subsequently, at step 323, a constant C, of the saturation curve Cur1 is calculated by a
following equation

Ci=—Tn{1=(Var = Vol (V.1 —Voil/ty

Subsequently, at step 324, =500, 550, 600, 650,... (us) are substituted one after another in
a following equation

V,=(V_ ,—Va){1—et9+V,,

to produce a data table S, for the saturation curve Cur1.

After that, steps 325 and 326, 327 and 328, and 329 and 330 similar to the steps 323 and
324, respectively, are executed to produce data tables S,, S; and S, for the saturation curves
Cur2, Cur3 and Cur4, respectively. After completion of production of the data tables S, to S,,
the saturation curve producing subroutine is ended and the process returns to the main routine
of Fig. 2.
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After returning to the main routine of Fig. 2, at step 202, driving signals Phase 1 to Phase 4
for instructing a driving state P, are outputted in accordance with one of the driving signal data
tables shown in Figs. 5(a) to 5(d). For example, in the case of forward rotation in the one phase
driving, a driving signal Phase1 is outputted as 1", and driving signals Phase 2, Phase 3 and
Phase 4 are outputted each as “0’’. This driving state is effected in order to reasonably
determine the first driving state P,.

Subsequently, at step 203, key input is waited for, and upon reception of a key input, a total
step number and a rotational direction are determined at step 204 in accordance with the key
input received, and then at step 205, a drive routine as illustrated in Fig. 4 is called. In this
instance, parameter indicative of the total step number and the rotational direction are delivered
as arguments to the drive routine which is executed subsequently.

After the drive routine as illustrated in Fig. 4 has been called from the main routine, at first at
step 401, a step counter is set to ‘0"". Then, at step 402, it is determined which one of the
driving signal data tables of Figs. 5(a) to 5(d}) is to be used in accordance with the parameter
indicating the rotational direction delivered from the main routine, and next driving signal data are
determined now. It is to be noted that it is originally. determined at the driving device whether
the stepping motor is to be driven in one phase or in two phases.

Then, at step 403, it is judged whether or not the step counter has a value greater than 3.
Since the step counter initially has a small value, the process goes to step 415 at which a delay
time corresponding to a value of the step counter is spent in order to effect a slow-up driving.
Such a delay time is picked up from a table which has been stored in advance in the memory
50 and contains delay times corresponding to step numbers. The smaller the value of the step
counter, the longer the delay time, and the larger the value of the step counter, the shorter the
delay time, as seen from Fig. 8. In the slow-up driving stage, the stepping motor is not yet
under closed-loop control.

Subsequently, at step 412, the next driving signals Phase1 to Phase4 which have been
determined at step 402 are outputted from the /O interface 20. Accordingly, the rotor of the
stepping motor is rotated one step in a preselected direction. Then at step 413, the step
counter is counted up, and at step 414, it is judged whether or not the value of the step
counter is equal to the total step number. When the value of the step counter is not equal to
the step number, the process returns to step 402.

Since the value of the step counter is initially considered not equal to the total step number,
the process will naturally return to step 402, and at step 402, following driving signal data are
determined, and then at step 403, judgement at step 402 is effected.

In case the judgement at step 403 has been passed more than three times and thus the slow-
up driving has completed, subsequently at step 404, it is judged whether or not a difference
between the total step number and the value of the step counter is greater than 3. Thus, if the
difference between the total step number and the step counter is greater than 3 just when a
state under closed-loop control is entered, then an address (1) of the selected one of the data
tables S, to S, as shown in the driving signal data tables of Figs. 5(a) to 5(d) is determined in
accordance with the driving signal data.

Then, at step 406, a control voltage (2) {refer to Fig. 7) is determined in accordance with the
value of the step counter. The control voltage (2) is used to control the angle of lead of the
rotor of the stepping motor, and changing of the control voltage (2) will change, as seen also
from Fig. 7, the intersecting point between the voltage corresponding to the electric current
flowing through the field winding of the excited phase and a voltage (3} obtained by substracting
the control voltage {2) from one of the saturation curves {voltage values) produced in the
saturation curve producing rutine (Figs. 3(a} to 3(c)), thereby to change the delay time corre-
sponding to the lead angle. It is to be noted that the control voltage (2) is picked up from a
table which has been stored in advance in the memory 50 and contains control voltage values
corresponding to individual step numbers, and the control voltage (2) is selected such that it is
greater where the step number is nearer either to 3 or to the total step number minus 3, and it
is smaller where the step number is an intermediate value.

Subsequently, at step 407, a difference (3) of the control voltage value (2) substracted from a
value (1) of the memory at the address (1) (a voltage value of the saturation curve} is calculated
{refer to Fig. 7), and if the difference (3) is a negative value, then the difference (3) is set to
0. After then, at step 408, the difference (3) is outputted as outputs Con1 to Con8 of the
1/0O interface 20 to the D/A converter 30 thereby to change the reference voltage D/Aqy,; which
is to be applied to non-inverting input terminals of the comparators CP, to CP,. Then, at step
409, the address (1) is incremented. This corresponds to a little increase of the value of the
stored saturation curve in a direction toward saturation. Subsequently, at step 410, comparator
outputs Com1 to Com4 corresponding to driving signal data as shown in the driving signal data
tables of Figs. 5(a) to 5(d) are read, and then at step 411, it is judged whether the comparator
outputs Com1 to Com4 are at a high level. In case the comparator outputs Com1 to Com4 are
not at a high level, this means that the comparator outputs Com1 to Com4 are lower than the
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reference voltage D/Aqyr, and consequently the process returns to step 407 in order to repeat
the steps 407 to 411 until one of the comparator outputs Com1 to Com4 presents a high level.
if one of the comparator outputs Com1 to Com4 presents a high level, then at step 412, the
driving signals Phase1 to Phase4 are outputted from the 1/O interface 20. In this manner, by
detecting whether the comparator outputs Com1 to Com4 are at a high level or not, the position
of the rotor corresponding to the lead angle is detected to determine the timing at which driving
signals Phase1 to Phase4 for a subsequent next step are to be outputted. By outputting the
driving signals Phase1 to Phase4, the stepping motor is driven to the next step.

Then at step 413, the step counter is counted up, at step 414, it is judged whether or not
the value of the step counter is equal to the total step number, and in case the former is not
equal to the latter, the process returns to step 402. If the closed-loop control is proceeding and
besides the value of the step counter is not yet equal to the total step number, the process
returns to step 402 in order to repeat the processing of the steps 402 to 414 for closed-loop
controlling the stepping motor.

When the value of the step counter approaches the total step number until a difference
between them becomes 3 or less, the judgement at step 404 now becomes “‘no”, and now the
process advances to step 416. Now, a delay time corresponding to the value of the step
counter is spent in order to allow a slow-down driving corresponding to the value of the step
counter. The delay time is picked up from a table which has been stored in advance in the
memory 50 and contains delay time values corresponding to the total step numbers substracted
by values of the step counter, and the smaller the value of the step counter, the shorter the
delay time, and the longer the value of the step counter, the longer the delay time, as seen from
Fig. 8. In the slow-down driving stage, the stepping motor is no more under closed-loop control.

Subsequently, at step 412, the next driving signals which have been determined at step 402
are outputted from the I/O interface 20, and then at step 413, the step counter is counted up
for the subsequent judgement at step 414.

In case the value of the step counter is equal to the total step number by the judgement at
step 414, in order to end the driving of the stepping motor, the judgement at step 414 is
passed through with “‘yes’” to end the processing of the drive routine, and the process returns
to the main routine of Fig. 2.

In the main routine of Fig. 2, subsequently it is judged at step 206 whether a saturation curve
is to be produced or not, and in case a saturation curve is not to be produced, the process
returns to step 203 to wait for a subsequent key input. On the contrary, in case it is judged at
step 206 that a saturation curve is to be produced, for example, for loading of type paper, the
saturation curve routine is executed at the following step 207 wherein data tables S, to S, for
saturation curves are renewed or produced again, and then the process returns to step 203. The
reason why the saturation curve producing routine is executed again at step 207 is that it is
intended to suitably renew the data tables S, to S, and always use data of most appropriate
saturation curves because the saturation curves vary due to a temperature rise by use of the
stepping motor of by any other reason. Accordingly, the saturation curve producing routine is
preferably executed after lapse of a suitable interval of time, and in the case of a typewriter or
printer, each time print paper is loaded. In case a key input is received at step 203, naturally the
processing including the step 204 is repeated.

Waveforms of various signals in the stepping motor driving device of the present embodiment
are shown in Figs. 10 and 11. Fig. 10 shows signal waveforms in the case of forward rotation
in the one phase driving (corresponding to Fig. 5(a)) while Fig. 11 shows signal waveforms in
the case of forward rotation in the two phase drivig (corresponding to Fig. 5(c)}.

Fig. 12 shows a driving device for a stepping motor according to a second embodiment of the
present invention. The stepping motor driving device includes a single comparator CP in combi-
nation with a data selector 10 while the driving device shown in Fig. 1 includes the four
comparators CP, to CP, having the output terminals thereof connected to the input ports of the
1/0 interface 20. In particular, output terminals of operational amplifiers OP, to OP, are con-
nected to input terminals of the data selector 10 having an output terminal which is connected
to an input port of an /O interface 20. Selection signals Select1 and Select2 are outputted from
output ports of the 1/0 port 20 and are received by selection signal terminals of the data
selector 10. The selection signals Select1 and Select2 are used to selectively output one of
outputs Cur1 to Cur4 of the operational amplifiers OP, to OP,. Output of a D/A converter 30 is
coupled only to a non-inverting input terminal of the comparator CP. Other constructions which
have not been specificially mentioned just above are quite the same with the stepping motor
driving device according to the first embodiment as shown in Fig. 1, and hence detailed
description will be omitted herein.

Operation of the stepping motor driving device of the present invention is substantially similar
to that of the driving device of the first embodiment shown in Fig. 1 and is only different in that
it is necessary to effect determination and outputting of selection signals Select1 and Select2

simultaneously with determination and outputting of driving signals (refer to steps 402 and 412,
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respectively) in the flowchart of the drive routine shown in Fig. 4. Accordingly, operation of the
stepping motor driving device of the present embodiment can be readily inferred from the
description of operation of the driving device of the embodiment shown in Fig. 1, and hence
detailed description thereof will be omitted herein.

Fig. 13 shows a third embodiment of the present invention. A driving device for a stepping
motor of the present embodiment is only different from the stepping motor driving device of the
second embodiment shown in Fig. 12 in that it includes an ordinary A/D converter 60 while the
driving device of the second embodiment employs and A/D converter of the successive compar-
ison type. In particular, an output of a data selector 10 is connected to an input terminal of the
A/D converter 60 which has 8 bit output terminals connected to input ports of an 1/0O interface
20. Other constructions which have not been specifically mentioned just above are quite similar
to those of the driving device of the second embodiment.

Operation of the stepping motor driving device of the present invention is also substantially
similar to that of the driving device of the second embodiment shown in Fig. 12, and hence
detailed description thereof will be omitted herein.

It is to be noted here that while in the embodiments described above the stepping motor
driving device is described as incorporated in a printer, the driving device of the present
invention can naturally be incorporated in any other apparatus then a printer.

Further, while in the embodiments the controlling voltage value (2) is determined in accordance
with the step number, it can be determined in accordance with the velocity of a stepping motor.

CLAIMS

1. A driving device for a stepping motor comprises detecting means for detecting a voltage
corresponding to an electric current flowing through field windings of individual phases of the
stepping motor, storing means in which saturation curves of electric currents flowing through the
field windings of the phases are stored, analog to digital converter means for converting a
voltage detected by the detecting means into a digital value, comparing means for comparing the
voltage value thus converted by the analog to digital converter means with a value of the
saturation curves stored in the storing means, and driving signal developing means for develop-
ing a driving signal for a subsequent next step when a difference between the voltage value and
the value of the saturation curves at the comparing means reaches a predetermined value.

2. A driving device according to claim 1, wherein said detecting means includes a resistor of
a low resistance connected in series to each of the field windings of the motor.

3. A driving device according to claim 1 or 2, wherein said analog to digital converter means
includes means for successively developing values in accordance with one of the saturation
curves for a particular one of the field windings of the motor, a digital to analog converter for
converting the successively developed values into a corresponding voltage, and comparator
means for comparing the voltage detected by said detecting means for a particular field winding
with the voltage from said digital to analog converter. 7

4. A driving device according to claim 3, wherein said detecting means includes a plurality of
resistors of a low resistance connected in series to the field windings of the motor, and said
comparator means includes a plurality of comparators each connected to one of said resistors
and to said digital to analog converter.

5. A driving device according to claim 3, wherein said detecting means includes a plurality of
resistors of a low resistance connected in series to the field windings of the motor, and said
comparator means includes a data selector connected to said resistors for selectively developing
a voltage detected by a particular one of said resistors, and a comparator connected to compare
the voltage developed from said data selector with said detecting means with the voltage from
said digital to analog converter.

6. A driving device according to any one of the preceding claims further comprising means
fthe device further comprises means for receiving a total step value indicative of a total number
of steps for the motor to rotate, means containing a present step value indicative of a present
number of steps the motor has rotated, and means responsive to the present number and/or
the total number of steps for causing said driving signal developing means to produce a driving
signal independent of the difference between the voltage value and the value of the saturated
curves for a first and/or a last particular number of steps during rotation of the step motor for
the total number of steps.

7. A driving device according to claim 6, wherein said particular number of steps is 3 or a
value around 3.

8. A driving device according to any one of the preceding claims further comprises saturation
curve producing means for producing a saturation curve for one of the field windings of the
motor and for storing several data of the saturation curve produced into said storing means.

9. A driving device according to any one of claims 1 to 7 further comprising saturation curve
producing means for producirig saturation curves for the field windings of the motor and for
storing several data of the saturation curves produced into said storing means.
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10. A driving device according to claim 9, wherein said saturation curve producing means is
operable each time the motor is to be rotated from one to another angular position.

11. A driving device according to claim 9 or 10, wherein said saturation curve producing
means includes means for energizing one of the field windings of the motor with a predeter-
mined voltage, means for measuring voltages at first, second and third points of time before and
after starting energization of the field winding before and after saturation is reached, respectively,
and means for calculating several data of a saturation curve from the voltages at the first,
second and third points of time.

12. A simulating device for producing a simulated saturation curve for a field winding of a
stepping motor, comprising means for detecting a current flow in the field winding as a voltage
signal, means for energizing the field winding with a first predetermined voltage insufficient for
the motor to rotate, means for taking voltage signals from said means for detecting at different
points of time befor and after starting energization of the field winding, means for calculating
several data of a saturation curve from the voltage signals at the different points of time, means
for storing the calculated data therein, means for successively recalling the stored data when the
field winding is energized with a second predetermined voltage to rotate the motor, and means
responsive to each of the recalled data for producing a voltage corresponding to the data.

13. A simulating device according to claim 12, wherein said means for detecting is a resistor
of a low resistance connected in series to the field winding.

14. A simulating device according to claim 12 or 12, wherein the different points of time
after energization of the field winding with the first predetermined voltage include first and
second points of time before and after saturation is reached, respectively.

15. A driving device for a stepping motor substantially as herein described with reference to
the accompanying drawings.

16. A simulating device for producing a simulated saturation curve substantially as herein
described with reference to the accompanying drawings.

17. Any novel feature or combination of features disclosed herein.
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