
EP0273506B1                      2 Description
The object of the present invention is to control a polyphase stepping
motor using only two leads BACKGROUND OF THE INVENTION
between the power source and the motor drive circuit one of which may be
the ground return lead Field of the invention                       5   and
one of which Is hot. The motor drive circuit which includes the drive
sequence logic is prefer- The invention pertains to control circuits for
ably incorporated in, on or in the vicinity of the motors and in particular
to a control circuit for a  stepping motor. The two wire control circuit of
the polyphase stepping motor in which sequence con-   present Invention
permits the stepping sequence, trol signals are superimposed on the motor
supply  10  direction of rotation, speed and angular distance to line.
be controllable. The present invention provides a two lead con- Description
of the Prior Art                      nection between a modulated power
source and a motor drive circuit for a bidirectional variable speed A
standard two phase stepping motor requires   15  stepping motor with drive
logic in, on or in the three to five (or more) leads connected to its power
vicinity of the stepping motor. drive which, in turn, are connected to a
switching   The modulation of the power source is accom- logic, which logic
may be in, on or in the vicinity of  pushed by switching the power source
on and off the stepping motor. The conventional drive circuits
momentarily, that is, for periods of a very short for stepping motors
consist of appropriate motor  20  duration. Multiple turnoffs in a very
short period of phase driving switches, power input, trigger input,  time
would constitute a burst of pulses. These direction control, and sequence
logic. The phase  pulses are fed to the trigger input of the motor drive
outputs must be sequenced in a defined      drive logic circuit. For every
momentary turnoff of order for proper motor operation. To change the   the
power source, the motor drive logic causes a running direction of the
motor, the sequence is  25  stepping motor to step one step in the sequence
of reversed. A trigger input signal to the drive logic  steps. The rotation
of the motor, the amount of advances the sequence one step at a time, and a
angular rotation and the speed of the motor can all direction input signal
determines the direction of  be controlled by the number of tumoffs in a
burst rotation. For a typical two phase stepping motor, a  and/or the rate
of respective turnoffs. The number four step sequence is used to complete
one elec-  30  of turnoffs In a burst depends on how many phases trical
cycle. For the sequence logic, commonly a  the motor has or how many steps
in the sequence shift left/shift right register is used and an input  there
are for one electrical cycle. The short dura- signal is used to control the
direction of shifting.  tion pulses on the power line are not recognized by
The problem with the prior art control circuits  the motor itself and
therefore have no effect on it. described above is that they require three
to five,  35  Thus the stepping motor is controllable by only two or even
more leads connected to the power drive   leads between its power soruce
and its motor drive which, In turn, are connected to the switching logic.
logic because the sequence control signals are The number of wires and the
number of connec-     superimposed on the power lead. tions required is
excessive for the trend toward     In the preferred embodiment of this
invention microprocessor based control systems, many of  40  only a one
direction sequence logic is used and which use only a two wire bus.
the direction of the motor is changed by advancing U.S. Patent 4,341,982
discloses a system for  the usual four step sequence logic used for a two
simultaneously and independently controlling a plu-  phase motor by three
steps of the sequence at a rality of motors. The system operates by
transmis-  time, thus generating a reverse direction in the sion of duty
cycle modulated selected frequencies   45  sequence and eliminating an
input terminal. superimposed on a DC track voltage on a common power line
servicing the motors. This two wire    BRIEF DESCRIPTION OF THE DRAWINGS
system is significantly different In purpose and construction from the
present invention.            Figure 1 is a circuit diagram for pulse to
step Japanese Kokai 584897 discloses a driving   50    control of two phase
stepping motors as com- device for pulse motors which decreases the num-
monly used in the prior art; ber of signal cables by transmitting signals
having  Figure 2 is a functional block diagram of the differing pulse
widths on the same signal wire      present Invention In context;
discriminating between signals in response to pulse  Figure 3 is a circuit
diagram of the two wire width at the receiving circuit side for driving and
55    stepping motor control circuit of the present controlling a pulse
motor:                          invention; Figure 4 is a circuit diagram of
the two wire SUMMARY OF THE INVENTION                            stepping
motor control circuit of Figure 3 show- 2   



3              EP 0 273 606 B1                    4 ing the control of two
motors using the same      The object of the present invention is to reduce
modulated power supply lead;                   the number of wires between
the power source and Figures 5A, 5B, 5C show the pulse modulated   the
motor drive logic circuit. This object is wave forms of the circuit of
Figure 4 at various  achieved by providing a means to modulate the points
therein.                            5   power source and by modifying the
prior art con- ventional motor drive circuit. The modulation of the
DESCRIPTION OF THE PREFERRED EMBODI-             power source is achieved
by switching the power MENT
source off and on momentarily, creating a series of very short duration
pulses superimposed on the The present invention pertains to a control cir
10  power supply line which also serves as the control cult for a
bidirectional variable speed multiphase  lead. Figure 2 Is a block diagram
of the present stepping motor with the motor drive logic In, on or
invention in which a polyphase bidirectional step- in the vicinity of the
stepping motor, which uses  ping motor 42 is controlled by a modified motor
only two leads between the power supply and the  drive circuit 44 having
only a two lead connection motor drive circuit and wherein the stepping se-
15  to a modulated power source 46. As shown in quence of the motor Is
controlled by superim-    Figures 2 and 3, there are two major sections to
a posing the control signals onto the power supply  control circuit 40 for
a bidirectional variable speed line. The power supply line is modulated
with short  stepping motor 42, the motor drive circuit 44 and duration
pulses wherein the number and the spac-  the modulated power source 46. ing
of the pulses determine the stepping sequence,  20  Figure 3 Is a schematic
diagram of the control direction of rotation, speed, and angular distance
of  circuit 40 of the present invention which Includes a the stepping
motor.                              circuit 46 to modulate the power source
and the Figure 1 illustrates a typical prior art stepping  modified motor
drive circuit 44. Turning to the motor drive circuit 22 for pulse to step
control of a  modulated power source 46, as Illustrated in Figure two phase
stepping motor 20. The driver 24 in  25  3, the present invention provides
for the modulation circuit 22 can be a device similar to the SM 1027  . of
the power source by using a pair of switching which is a complete
integrated circuit pulse to step  transistors 50, 52 to switch the power
source off drive circuit. Driver 24 of said circuit has a pulse
momentarily, or for periods of a very short duration. input, a square wave
output and a four step se-  For every momentary turnoff of the power
source, quence logic. In this prior art circuit pulses (from a   30  the
motor drive logic 48 logic of the stepping motor pulse generator (not
shown)) are fed to the trigger  drive circuit 44 will step one step of the
sequence. input T. The motor 20, connected to the output,  To advance the
sequence more than one step at a steps on the positive going edge of each
pulse.  time or to step the motor in the reverse direction, a The direction
of rotation of the motor 20 is con-  burst of multiple turnoffs are given.
The number of trolled by a voltage level applied to a gate input R.  35
turnoffs in a burst depends on how many phases A set Input S is used to set
the motor 20 to a logic  the motor has or how many steps in a sequence
state by applying a low level voltage to S. Addition-  there are for one
electrical cycle. ally, a power input P to the driver 24 is required.  A
switching control circuit 46 for modulating Thus, the SAA 1027 driver 24
requires (for a typical  the power source is illustrated In the left-hand
two phase, four coil stepping motor) at least four  40  section of Figure 3
wherein a clock pulse Is fed to inputs, the power Input P, the trigger
input [err] the  a counter CD 4029 and to a monostable vibrator set input
S, and the direction input R. Together  555 which outputs a burst of pulses
to a pair of with the ground return wire, a minimum four wire  switching
transistors 50, 52, which switch the motor cable is required from the power
source (not     supply lead 54 off momentarily. Switching control shown) to
the motor drive circuit 22.        45  circuit 46 could be part of a
microprocessor used The phase drive outputs Q4, Q3, Q2 and Q1    to control
a system incorporating a stepping motor, must be sequenced in the right
order for proper  or any equivalent circuit which delivers bursts of motor
operation. To change the running direction of  pulses on supply lead 54.
the motor, the logic sequence is reversed. A trigger  The bursts of pulses
proceed through the two input signal on T to the driver 24 advances the
50  switching transistors 50, 52 over a two wire con- sequence one step at
a time, and the direction   nection between the modulated power soruce 46
input signal on R determines the direction of rota-  and the motor drive
circuit 44. One of the two wires tion. For a typical two phase stepping
motor a four  may be ground return and the other wire Is the step sequence
is used to complete one electrical  power supply line 54. The pulses are
superim- cycle. For the sequence logic, commonly a shift  55  posed on the
power supply line 54 and then fed to left shift/right register is used and
an Input signal  an SM  1027 translator (driver) 48, which is a on Input R
is used to control the direction of   stepping motor logic module In the
motor drive shifting.                                        circuit 44.
This stepping motor logic module 48 and 3  



5                 EP 0 273 506  Bl                    6 [err] associated
motor drive circuitry 44 could be any  A larger negative going pulse passes
through both other custom IC stepping motor drive circuit. The
comparators 82, 86, but the output of comparator pulse modulated power
supply line 54 is fed di-     82 will close gate 90 before the pulse can
pass rectly to the trigger input T of the driver circuit 48  through the
time delay 96, thus inhibiting the trig- and, through a low pass filter 56,
to the power input   5   gering of drive 94 and enabling gate 88 to trigger
P and to the set input S of driver 48. The trigger  drive 92. A pulse with
lesser amplitude will only input T is the only input to driver 48 which
recog-  pass through comparator 86 and gate 90 to trigger nizes the pulses;
the other driver 48 inputs are    drive 94. Meanwhile the power input P and
set filtered or grounded. The drive logic 48, the SAA    input S of driver
92 are fed from common 54 which 1027 translator, has a low power
requirement and   10  connects to all motors on the circuit 84. Driver 92
therefore the components of the low pass filter 56  operates identically to
driver 48 of Figure 3. The can be small. Due to the inductance and the re-
power P and set S inputs for the second motor sponse of the motor 42, the
short duration pulses   come from the same common 54. on the power supply
lead common 54 are not             It should be noted that pulses or bursts
of recognized and therefore have no effect on the   75  pulses of varying
amplitude can be intermixed operation of the motor. However, the pulses fed
to  since the voltage comparators 82, 86 will discrimi- the trigger input T
will step the sequence logic one  nate between the pulses. step for each
pulse.                                   Figures 5A, 5B and 5C illustrate
the pulse wave A typical two phase stepping motor has a four   forms for
the circuit of Figure 4. The pulses re- step sequence. In the present
invention, only a one   20  ceived at the input to circuit 84 are shown in
the direction sequence logic is used and the direction   top line. The
pulses received at the trigger input T of the motor is changed by advancing
the four step  of the driver 94 are shown in the middle line. The sequence
logic, used for a two phase motor. by      pulses received at the trigger
input T of driver 92 three steps at a time, thus generating a reverse
are shown on the bottom line. sequence and eliminating the input terminal R
of  25   The principal advantage over the prior art is the Figure 1 to the
motor drive circuit 44. In the modi-  reduction of the wires from the power
source to the fled drive circuit 44, this input terminal is grounded.
motor drive logic to two, simplifying the connec- For a stepping motor
having an n step sequence,    tions between the modulated power source and
the n-1 turnoffs will reverse the rotation.             motor drive
circuit, which may be very important The present circuit is adaptable to
control more  30  and economical in many applications. than one motor on
the same supply line by using pulse amplitude modulation, as shown in
Figures 4   Claims and 5. Furthermore, the torque of the motor may also be
controlled by the amplitude of the supply   1. A control circuit for a
bidirectional variable line.
speed stepping motor (42) having its drive Figure 4 is a schematic diagram
illustrating the    logic (44) adjacent to said motor (42), wherein use of
pulse amplitude modulation in the control        said motor (42) and its
drive logic (44) are circuit of the present invention to control more than
connected to a power source (46) by only two one stepping motor using
bursts of  pulses on the       wires, comprising: common supply line for
all stepping motors con-   40       a power source (46); nected to circuit
84. In circuit 84, a voltage divider     a motor drive logic circuit (48)
including a plus one voltage comparator and one gate are            pulse
to step logic; required for each drive logic. Each gate controls
two wires connecting said power source the flow of pulses to one trigger
input. For pur-       (46) to said motor drive logic circuit (48), one
poses of exposition an example with two stepping   45   of which is a power
supply line (54); motors is described and illustrated. In Figure 4 the
means (50, 52) to modulate said power multiple motor drive circuit 84
receives bursts of      supply line (54) with short duration pulses by
pulses on power supply line 54, which is the com-      switching off said
power source (46) for mon supply line. The modulated power supply line
periods of very short duration, wherein the is fed to a first input of each
of two voltage corn-  so  number and duration of said pulses signal the
parators 82, 86 and to a first input of gate 88, the    steps of a sequence
in said step to drive logic second input of which is connected to the
output of     (48); comparator 82. The filtered supply voltage from
said modulated power supply line (54) be- filter 56 is also fed to a
voltage divider 80. A        ing connected to a trigger input (T) of said
second input of each comparator is connected to a   55  step to drive logic
(48) wherein each pulse different voltage reference point on voltage
divider    advances the sequence logic of said stepping 80. The amplitude
of the pulse on power supply         motor (42) by one  step: wherein said
pulses line 54 determines which motor drive is triggered.     signal
direction of rotation, speed and angular 4 



5                 EP 0273506B1                      6 its associated motor
drive circuitry 44 could be any  A larger negative going pulse passes
through both other custom IC stepping motor drive circuit. The  comparators
82, 86, but the output of comparator pulse modulated power supply line 54
is fed di-   82 will close gate 90 before the pulse can pass rectly to the
trigger input T of the driver circuit 48  through the time delay 96, thus
inhibiting the trig- and, through a low pass filter 56, to the power input
5   gering of drive 94 and enabling gate 88 to trigger P and to the set
input S of driver 48. The trigger  drive 92. A pulse with lesser amplitude
will only input T is the only input to driver 48 which recog-  pass through
comparator 86 and gate 90 to trigger nizes the pulses; the other driver 48
inputs are  drive 94. Meanwhile the power input P and set filtered or
grounded. The drive logic 48, the SAA  input S of driver 92 are fed from
common 54 which 1027 translator, has a low power requirement and   10
connects to all motors on the circuit 84. Driver 92 therefore the
components of the low pass filter 56  operates identically to driver 48 of
Figure 3. The can be small. Due to the inductance and the re-   power P and
set S inputs for the second motor sponse of the motor 42, the short
duration pulses  come from the same common 54. on the power supply lead
common 54 are not           It should be noted that pulses or bursts of
recognized and therefore have no effect on the   15  pulses of varying
amplitude can be intermixed operation of the motor. However, the pulses fed
to  since the voltage comparators 82, 86 will discrimi- the trigger input T
will step the sequence logic one  nate between the pulses. step for each
pulse.                                  Figures 5A, 5B and 5C illustrate
the pulse wave A typical two phase stepping motor has a four  forms for the
circuit of Figure 4. The pulses re- step sequence. In the present
invention, only a one   20  ceived at the input to circuit 84 are shown in
the direction sequence logic Is used and the direction  top line. The
pulses received at the trigger input T of the motor is changed by advancing
the four step  of the driver 94 are shown in the middle line. The sequence
logic, used for a two phase motor, by    pulses received at the trigger
input T of driver 92 three steps at a time, thus generating a reverse  are
shown on the bottom line. sequence and eliminating the input terminal R of
25  The principal advantage over the prior art is the Figure 1 to the motor
drive circuit 44. In the modi-  reduction of the wires from the power
source to the fied drive circuit 44, this input terminal is grounded.
motor drive logic to two, simplifying the connec- For a stepping motor
having an n step sequence,   tions between the modulated power source and
the n-1 turnoffs will reverse the rotation.           motor drive circuit,
which may be very important The present circuit is adaptable to control
more  30  and economical in many applications. than one motor on the same
supply line by using pulse amplitude modulation, as shown in Figures 4
Claims and 5. Furthermore, the torque of the motor may also be controlled
by the amplitude of the supply  1. A control circuit for a bidirectional
variable line.                                         36      speed
stepping motor (42) having its drive Figure 4 is a schematic diagram
Illustrating the   logic (44) adjacent to said motor (42), wherein use of
pulse amplitude modulation in the control      said motor (42) and its
drive logic (44) are circuit of the present invention to control more than
connected to a power source (46) by only two one stepping motor using
bursts of pulses on the      wires, comprising: common supply line for all
stepping motors con-  40      a power source (46); nected to circuit 84. In
circult 84, a voltage divider   a motor drive logic circuit (48) including
a plus one voltage comparator and one gate are          pulse to step
logic; required for each drive logic. Each gate controls        two wires
connecting said power source the flow of pulses to one trigger input. For
pur-     (46) to said motor drive logic circuit (48), one poses of
exposition an example with two stepping   45  of which is a power supply
line (54); motors is described and illustrated. in Figure 4 the     means
(50, 52) to modulate said power multiple motor drive circuit 84 receives
bursts of    supply line (54) with short duration pulses by pulses on power
supply line 54, which is the com-     switching off said power source (46)
for mon supply line. The modulated power supply line      periods of very
short duration, wherein the is fed to a first input of each of two voltage
com-   50  number and duration of said pulses signal the parators 82, 86
and to a first input of gate 88 the   steps of a sequence in said step to
drive logic second input of which is connected to the output of   (48);
comparator 82. The filtered supply voltage from          said modulated
power supply line (54) be- filter 56 is also fed to a voltage divider 80. A
ing connected to a trigger input (T) of said second Input of each
comparator is connected to a   55  step to drive logic (48) wherein each
pulse different voltage reference point on voltage divider  advances the
sequence logic of said stepping 80. The amplitude of the pulse on power
supply        motor (42) by one step; wherein said pulses line 54
determines which motor drive is triggered.    signal direction of rotation,
speed and angular 



7                 EP 0 273606 B1                      8 distance of said
stepping motor (42);               block said gate (90) for pulses of a
lesser said modulated supply line (54) being also       amplitude,
preventing said pulses of greater connected through a low pass filter (58)
to the     amplitude from passing to said trigger input (T) power input (P)
and the set input (S) of said       controlled by said gate (90) and
opening a motor drive logic (48) and being also the com-   5  second gate
(88) for the pulses of greater mon of said motor (42); and
amplitude, allowing pulses of greater amplitude wherein said pulses are not
recognized by       to pass to a second trigger Input (T) controlled said
power input (P) set input (S) and said         by said second gate (88);
and motor (42).                                          wherein for n
motors connected to said 10      modulated power source, there are n
voltage 2. The circuit of Claim 1 wherein said motor drive     comparators,
n gates and said delay means logic (48) uses a one direction sequence and,
are connected to a sufficient number of said for an n step/sequence  n-1
pulses on said          gates to insure that only one gate feeds a trigger
input (T) cause a reveral of direction of   trigger input at a time. said
motor (42). 3. The circuit of Claims 1 or 2 further comprising:  i  Circuit
de commande d'un moteur pas-h-pas means to recognize pulses of different
am-  1.eru  ecmadodu   oerpsa-a plitude on a single motor supply line (54).
bidlrectionnel a vitesse variable (42) ayant sa 20      logique
d'excitation (44) situ~e a c8t6 dudit 4. The circuit of Claim 3 further
comprising:          moteur (42), ledit moteur (42) at sa loglque means
(84) to control at least two stepping     dexcltatlon (44) netant raccordes
qua par motors by modulating the amplitude of pulses        deux fils a une
source d'allmentation (46), cir- on one  motor supply line (54).
cult comportant: une source dialmentation (46); 6. The circuit of Claim 4
further comprising:              un circuit toglque (48) d exciatlon du mo-
means to direct all pulses of one am-           tour, comportantuna logique
a impulsion-pas plitude to the trigger input (T) of a first motor      deux
ills reliant ladite source d'allmenta- drive logic (92), while directing
pulses of other   tion (46) audit circuit loglque (48) dlexcitation
amplitudes to trigger inputs (T) of other motor  30  du moteur fits dont un
eat une llgne d'alimen- drive logic circuits (94) such that each trigger  !
taton (54); input (T) receives only pulses of one ampli-           des
moyans(5052) pour modular ladte tude.
Ilgne c arementaea on (54) par des Impulsions de courte durde, en mettant
ladite source d'ali- 6. The circuit of Claim 4 wherein said means (84)  56
mer trtion (46) hors circuit pour des plraodes to control at least two
stepping motors com-       de trs courts due. ti  nombre pt la durne
prises:                                             deadites dmpulsions
slgnalant les pas dune a voltage divider (80) connected to said
s4quence dans ladite logique a pas-impulSon filtered modulated power supply
line;               (48); one voltage comparator (82, 86) for each   40
lailte ligne d'allmefdtation moduln e (54) motor drive logic (92,94), said
voltage com-       tant reulie a une entrue de dgclenche uent Cr) parator
(82, 86) having one input connected to      de ladite logique A
pas-lmpusion (48)l chaque said modulated power supply line (54) to re-
impulslon avangant dun pas la loglqse de ceive unfiltered pulses. each
voltage compara-        sdquence dudit moteur pas-a-Pas 42) et leadi- tor
having a second input connected to a dif-  45   tes Impulsins signalant la
direction de rota- ferent voltage reference point on said voltage
tion, la vitesse et la distance angulaire dudit divider (80);
moteur pas-h-PaS (42); a gate (88, 90) connected to the output of
ladite ligne d'alimentation modulde (54) each voltage comparator (82, 86)
to control the     6tant 6galement reli~e, & travers un flitre trigger
Input (T) of said motor drive logic (92,  60  passe-bas (56), a l'entr~e
d'allmentatlon (P) at 94) connected to said voltage comparator (82,      a
l'entree de reglage (S) de ladite logique (48) 86), feeding pulses of one
amplitude to said       excitation du moteur et constituant 6galemant
trigger (T);                                      ;la ligne commune dudit
moteur (42). et delay means (96) connected between the              dans
lequel lesdites impulsions ne sont output of at least one of said voltage
compare  56  pas reconnues par ladite entree d'allmentation tors (86) and
the Input of said gate connected     (P), ladite entr~e de reglage (8) et
ledit moteur to said voltage comparator (86) such that           (42).
pulses of a greater amplitude will have time to  
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revendication 1, dans lequel     tension (86) et lPentr~e de ladite porte
reiife ladite logique (48) d'excitation du moteur utili-  audit comparateur
de tension (86), de telle se une s~quence I une soule direction at dans
maniere que des impulsions d'amplitude plus _     lequel, pour une sequence
de n pas, n - 1         grande ont le temps de bloquer ladite porte
impulsions sur ladite entr~e de d~clenchement   6  (90) pour des impulsions
d'amplitude plus fai- (T) provoquent un renversement de direction      ble
de fagon a eviter quo lesdites impulsions dudit moteur (42).
d'amplitude plus grande passent a ladite en- tree de declenchement (T)
commandee par a  Circuit selon la revendication 1 ou 2, cornpor-  ladite
porte (90) et ouvrent une seconds porte tent en outre:
10      (88) pour les Impulsions d'arnplitude plus gran- des moyens pour
reconnattre des impul-        de et tout en permettant A des impulsions
sions d'amplitudes differentes sur une soule     d'amplitude plus grande de
passer a une asw lIgne (54) d'allmentation du moteur.             condo
entree de declenchement T comman- dee par ladite seconds ports (88); et 4.
ircuit solon la revendication 3, comportant en   15  dans loquel, pour n
moteurs raccordes a outre:                                           ladite
source d'aiimentatlon moduide, n corn- des moyens (84) pour commander au
parateurs de tension, n portes et besdits moins deux motours pas-a-pas en
modulant         moyens & retard sont reliss & un nombre suffi- lamplitude
d'impulsions sur une soule ligne      sant desdites grilles pour faire en
sorte que, (54) d'alimentation du moteur.           20      chaque fols,
une soule grille ailments une en- tree de d~clenchement. 5. Circuit solon
la revendicatlon 4, comportant en outre:
Patentansprliche des moyens pour diriger toutes les Impul- slons d'une
amplitude vers l entree de d6clen-  25  1. Steuerschaltung ftr einen in
zwei Richtungen chement (T) d'une premiere logique (92) d'ex-    drehbaren,
geschwindigkteitsgesteuerten citation du moteur tout en dirigeant des
Impul-  Schrittmotor (42), dessen Antrlebslogik (44) sions d'autres
amplitudes & des entrees de       sich nobon dem Motor (42) beflndet, wobel
der d6clenchement (T) d'autrss circuits logiques     Motor (42) und seine
Antriebilogik (44) Ober (94) d'excitation du moteur, de tells maniere  30
nur zwel Drahte mit elner Stromquelle (46) quo chaque entrde de
d6clenchement (1) no        verbunden sind, und diese Steuersechaltung
regoit quo des impulsions d'une seule ampliltu-  enth~lt de.
sine Stromquelle (4), sine Motorantriebslogik (48) mit einer 6. Circuit
solon la revendication 4, dans lequel  35  1mpuls-zu-Schfiti-Loglk, lesdits
moyens (84) pour commander au molns          zwei Dr~hte zurn Verbinden der
Strom- deux moteurs pas-h-pas comportent:               quellb (46) mit der
Motorantriebsiogik (48), von un diviseur de tension (80) reIl4 h ladite
welchen Drihten einer die Stromversorgungs- ligne d'alimentatlon modul6e
fiVtrWe%            leitung (54) Ist, un comparateur de tension (82, 88)
pour  40      Mittel (50, 52) zum Modulieren der Strom- chaque loglque (92,
94) doexcitation du moteur,  versorgungsleltung  (54) mit Kurzimpulsen
ledit comparateur de tension (82, 86) ayant      durch Abschalten der
Stromquelle (46) wsh- une entrde reliee h ladits ligne d'alimentation  rend
sehr kurzer Zelt, wobel Zahl und Dauer (54) modulee pour recevoir des
impulsions non    der Impulse die Schritte siner Reihenfolge in flhtr6es,
chaque comparateur de tension ayant  45  der Schfitt-zu-Antriebslogik (48)
signallsiert, une seconds entrde rellee & un point de rdfd-        die
modulierte Stromversorgungsleitung rence de tension difidrent dudit
diviseur de     (54), die mit einem Triggereingang (T) der tension (80);
Schritt-zu-Antrlebsloglk (48) verbunden ist, wo- une ports (88, 90) relide
& la sortie de      bel jeder Impuls die Sequenzloglk des Schritt- chaque
comparateur de tension (82, 88) pour  Go  motors (42) urn enen Schritt
weiterstellt, und commander lIentree de d6clenchement (T) de       diese
Impulse die Drehrichtung, die Geschwin- ladite logique (92, 94)
d'excitation du motour   digkelt und den Winkelabstand des Schrittmo-
reii~e audit comparateur de tension, (82, 86)    tors (42) signalisieren,
porte qui applique des impulsions d'une seule        die modullerte
Versorgungseiltung (54), die amplitude h ladite entr6e de d6clenchement  56
Ober emn Tlefpalfilter (58). ebonfalls. mit dem (T);
Stromeingang (P) und dem Setzeingang (S) des moyens a retard raccordes
entre la        der Motorantriebsloglk (48) verbunden und sortie d au moins
lPun desdits comparateurs de   ebenfalls die gemeinsame Leitung des Motors
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Spannungskomparator (86) verbundenen Gat- die Impulse vom Stromeingang (P),
vom         ters derart verbunden sind, daB Impulse mit Setzeingang (S) und
vom Moi '(42) nicht an-       elner grib6ren Amplitude die Zelt haben, das
erkannt werden.                                   Gatter (90) fir Impulse
mit kielnerer Amplitude 6      zu schliefien, wodurch verhindert wird, dall
Im- 2. Schaltung nach Anspruch 1, worin die Motor-        pulse mit
grdoerer Amplitude den vom Gatter antriebslogik (48) elne
Einrichtungssequenz       (90) gesteuerten Triggereingang (T) passieren
benutzt, und fir eine n-Schritfsequenz n-1 Im-    und eln zweltes Gatter
(88) fUr die Impulse mit pulse am Triggereingang (1) eine Richtungs-
groBerer Amplitude offnet, wodurch Impulse umkehr des Motors (42) bewirkt.
tO       mit grolerer Amplitude einen vom  zwelten Gatter (88) gesteuerten
zweiten Triggerelngang 3  Schaltung nach Anspruch I odor 2 auBerdem
(T) errelchen konnen, und mit
worin fUr mit der modulierten Stromquelle Mittein zum Anerkennen von
Impulsen ver-      verbundene n Motoren n Spannungskompara- schledener
Amplitude auf elner einfachen Mo-  is  toren und n Gatter vorgesehen sind
und die torversorgungeleltung (54).
Verz6gerungsmlttel mit elner ausrelchenden Anzahl von Gattern verbunden
sind, um daflr 4. Schaitung nach Anspruch 3 aulerdem mit            zu
sorgen, daBl jeweils nur eln Gatter einen Mitteln (84) zum Steuern von
wenigetens       Triggereingang spelst. zwei Schrittmotoren durch
Modulation der Am-   20 plitude von Impulsen auf nur elner Motorver-
sorgungsleltung (54). S. Schaitung nach Anspruch 4 auBerdem mit Mittein zum
Aussenden srmtiicher Impulse  2S nur einer Amplitude zum Triggereingang (T)
einer ersten Motorantriebslogik (92), wobel Im- pulse mit anderen
Amplituden den Triggerein- g~ngen (T) anderer Motorantriebslogikschal-
tungen (94) derart zugefohrt werden, daB Jeder  so Triggereingang (T)
ausschlejsllch Impulse nur einer Amplitude empflngt. 6. Schaltung nach
Anspruch 4, worln dle Mittel (84) zum Steuem von wenigstens zwel SchrItt-
3s motoren folgende Elements enthilt elnen Spannungsteiler (80), der mit
der gefiiterton modullerten Stromnversorgungslei- tung verbunden ist, elnen
Spannungskomparator (82, 88) fUr  40 jede MotorantriebsIogik (92, 94),
wobei der Spannungskomparator (82, 86) mit einem Ein- gang zum Empfangen
ungefilterter Impulse an die Motorstromversorgungsleitung (54) ange-
schlossen ist, wobel jeder Spannungskompara-  45 tor mit einem zwelten
Eingang an einen Differenzspannungs-Bezugspunkt am  Span- nungsteller (80)
angeschlossen ist, eln mit dem Ausgang Jedes Spannungs- komparators (82,
86) verbundenes Gatter (88,  so 90) zum Steuern des Triggereingangs (T) der
mit dem Spannungskomparator (82, 86) ver- bundenen Motorantriebslogik (92,
94), das dem Trigger (1) Impulse mit nur elner Amplitude; zufthrt,
56 Verzdgerungsmittel (96), die mit dem Aus- gang wm,1igstens eines der
Spannungskompa- ratoren (86) und dem Eingang des mit dem    


