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with the alternating current component and oper- ative to provide a
filtered signal by filtering out a This invention relates to apparatus for
control-  motor rotation component which may be superim- ling rotation of a
motor.                           posed on the motor rotation signal at a
frequency Motor speed servo control apparatuses have   5   of rotation of
the motor and higher harmonics been employed for controlling the speed of
rotation  thereof; of motors used to drive video tape recorder (VTR)
an adder for adding the filtered signal from the drums. It is current
practice to perform such motor  comb filter circuit and the error signal
from the speed control based upon a motor speed signal      signal
processor to provide a control signal; and having a series of pulses
generated at a frequency   10  driving means responsive to the control
signal corresponding to the motor speed as sensed by a    for driving the
motor. frequency generator or like sensor operable in con-   According to a
second aspect of the invention nection with the motor. One of several
serious    there is provided apparatus for controlling rotation problem
associated with this technique Is repro-  of a motor, the apparatus
comprising: duced picture distortion caused by noise superim-   15  a
sensor sensitive to the motor's rotation speed posed on the motor speed
signal when the drum or   and phase for generating speed and phase signals
the frequency generator is mounted in an erro-     indicative of the sensed
motor rotation speed and neous manner so as to cause drum rotation vari-
phase, respectively; ances. Such noise superimposed on the motor
a first signal processor for processing the speed signal has a frequency,
of for example, 30   20  speed signal to provide a digital speed error
signal Hz, corresponding to the frequency of rotation of  comprising
successive digital signal portions each the drum.
having a predetermined number of bits and repre- In order to avoid the
above-mentioned prob-    senting a speed error between the sensed motor
lem, it is current practice to design the motor    rotation speed and a
target motor rotation speed; speed servo control apparatus to have a char-
25     a second signal processor for processing the acteristic such that
the gain Is reduced at a fre-  phase signal to provide a digital phase
error signal quency of around 30 Hz. However, such gain re-     comprising
successive digital signal portions each duction raises another problem in
that the servo   having a predetermined number of bits and repre- control
accuracy is influenced considerably by     senting a phase error between
the sensed motor torque variations.                            30  rotation
phase and a target motor rotation phase; Alternatively, it has been
proposed to provide     means connected to the first signal processor an
analog notch filter to attenuate the gain at a  for extracting an
alternating current component frequency of around 30 Hz. However, this
proposal  from the digital speed error signal; is not suitable for
applications to video tape record-  a comb filter circuit for filtering out
a motor ers or the like In which the speed of. rotation of the   35
rotation component which may be superimposed drum is changed to accommodate
different modes     on the speed signal at a frequency of rotation of of
operation of the apparatus so that the frequency  the motor and higher
harmonics thereof from the of the noise superimposed on the motor speed
alternating current component to provide a filtered signal due to drum
rotation variances changes from  signal; 30 Hz. Therefore, it is not
appropriate to minimise   40  an adder for adding the digital speed error
reproduced picture distortion by employing a filter  signal from the first
signal processor, the digital having a high quality factor or "Q" at a
frequency  phase error signal from the second signal proces- of around 30
Hz.                                   sor, and the filtered signal from the
comb filter According to a first aspect of the invention   circuit to
produce a digital output signal; there is provided apparatus for
controlling rotation   45  a digital-to-analog converter for converting the
of a motor, the apparatus comprising:              digital output signal of
the adder into a correspond- a sensor for sensing a condition of the motor
ing analog control signal; and rotation and for generating a motor rotation
signal   drive means responsive to the control signal Indicative of the
sensed condition of the motor    for driving the motor. rotation;
so      Preferred embodiments of the invention de- a signal processor
connected to the sensor for  scribed hereinbelow provide a simple motor
rota- processing the motor rotation signal to provide an  tion servo
control apparatus which can control mo- error signal indicative of an error
between the   tor rotation with high accuracy. The preferred em- sensed
condition and a desired condition;          bodiments employ a comb filter
circuit to attenuate means connected to the signal processor for  55  noise
resulting from motor rotation variances. The extracting an alternating
current component from   preferred embodiments can employ Inexpensive the
error signal;                                  components to effect
accurate motor rotation servo a comb filter circuit connected to be
supplied  control so as to minimize wow and flutter. 2    



3                 EP 0 249 465 B1                   4 Apparatus embodying
the invention may (for     and the contacts 24a, 24b, and 24f have been
example) be used in video tape recorders and the  shown, it will be
understood that the other ele- like for providing accurate servo control of
motor  ments, corresponding to those which are shown, rotation.
are present. The invention will now be further described, by   5  The
digital primary low pass filter 30A includes way of illustrative and
non-limiting example, with  a subtractor 32 having an input connected to
the reference to the accompanying drawings, In which  fixed contact 22a. An
output of the subtracter 32 is like references identify like elements in
the several  coupled to an integrator comprising an adder 34, a figures,
and in which:                           limiter 36 and a delay circuit 38.
The adder 34 Figure 1 is a schematic block diagram of a   10  receives an
Input from the subtractor 32 and has comb filter circuit which can be used
in appara-  an output connected through the limiter 36 to the tus embodying
the invention;                   delay circuit 38. An output of the delay
circuit 38 Is Figure 2 shows two waveforms used in explain-  connected to
another input of the adder 34 and Ing how speed error data is formed;
also to a multiplier 40 having a multiplication factor Figure 3 shows four
waveforms obtained at dif-  15  K smaller than unity. An output of the
multiplier 40 ferent points in the comb filter circuit;      is coupled to
the fixed contact 24a. The other Figure 4 is a graph showing the gain
versus    digital primary low pass filters 30B ... 30F are of frequency
characteristic of the comb filter cir-  substantially the same structure as
the primary low cult                                           pass filter
30A. Figure 5 is a schematic block diagram of a   20    Referring to Figure
2, a waveform (a) repre- motor rotation control apparatus embodying the
sents a series of pulses FG generated at a fre- invention;
quency corresponding to a drum  motor speed Figure 6 shows three waveforms
used in ex-     sensed by a sensor. The pulses FG are used to plaining a
manner in which phase error data is  control a counter In such a manner
that the counter formed;                                    25  is cleared
and starts counting clock pulses at the Figure 7 Is a schematic block
diagram of a     leading edge of each of the pulses FG and its motor
rotation control apparatus;              count Is sampled at the trailing
edge of each pulse Figure 8 is a diagram used in explaining how   FG, as
shown by a waveform (b) in Figure 2. The speed and phase error data are
added before    sampled values N1, N2, N3 ... constitute speed application
to a digital-to-analog converter;  30  error data DS which is used to
rotate the motor at a Figure 9 is a schematic block diagram of a
constant speed. If, however, errors occur upon modified form of data
modification circuit     mounting the drum or the sensor, a 30 Hz compo-
Figure 10 is a schematic block diagram of an-  nent and its higher
harmonics, which are multiples other motor rotation control apparatus
embody-  of the DC component and the 30 Hz component, ing the invention;
and                     35  may be superimposed on the speed error data DS,
Figure 11 is a schematic block diagram of a    causing picture distortion.
The filter circuit 10 can comb filter circuit that can be used in the ap-
remove the 30 Hz component and higher har- paratus of figure 10.
monics thereof from the speed error data DS, in a Before preferred
embodiments of the invention  manner which will now be described. are
described, a description will first be given of a   40  Assume that the
comb filter circuit 10 receives, comb filter circuit can be used in motor
rotation  at its input terminal 12, speed error data DS includ- control
apparatuses embodying the invention for  ing the sampled values N1, N2, N3
..., as shown by removal of a direct current (DC) component and a  a
waveform (a) in Figure 3. The switches 22 and 24 30Hz component and higher
harmonics thereof       receive the sampling signal from the counter and
from a signal Inputted thereto.              46  are thereby switched in
synchronism with the times Figure 1 shows the comb filter circuit 10 to  at
which the counts N1, N2 ... of the counter are have an input terminal 12
and an output terminal  sampled In such a manner that the comb filter 30A
14. The input terminal 12 Is connected to one input  can handle sampled
counts N1, N7, N13 .... the of an adder 16 which has an output connected to
primary low pass filter 30B (not shown) can handle the output terminal 14.
The input terminal 12 is  50  sampled counts N2, N8, N14 ..., the primary
low also connected to a wiper of a six position switch  pass filter 30C
(not shown) can handle sampled 22 having six contacts 22a to 22f connected
counts N3, N9, N15, ..., the primary low pass filter through respective
digital primary low pass filters  30D (not shown) can handle sampled counts
N4, 30A to 30F to corresponding fixed contacts 24a to  N10, N16, ..., the
primary low pass filter 30E (not 24f of a six position switch 24 having a
wiper  55  shown) can handle sampled counts N5, N11, N17, connected to
another input of the subtracter 16.  ..., and the primary low pass filter
30F can handle Although, for purposes of clarity, only the contacts
sampled counts N6, N12, N18, ... . 22a, 22b, and 22f, the filters 30A, 30B,
and 30F,    When each of the counts N1, N7, N13, ... is 3    
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22 is set to connect the input  nent which represents a reference value for
motor terminal 12 to the primary low pass filter 30A and  speed. Since the
DC component remains on the the switch 24 is set to connect the primary low
data DS4, the subtracter 16 removes the DC com- pass filter 30A to the
adder 16. As a result speed  ponent when It subtracts the data DS4 from the
error data. D81, as shown by a waveform (b) in   5   data DS. This means
that the comb filter circuit 10 Figure 3, is fed to the primary low pass
filter 30A.  cannot transmit a DC component. In order to trans- The data
DS1 is fed to the subtracter 32 and from  mit such a DC component, the comb
filter circuit there to the integrator comprising the adder 34. the  10
would have to be provided with a very complex limiter 36 and the delay
circuit 38. The limiter 36  and expensive circuit which can calculate the
aver- limits the dynamic range of the signal inputted   10  age value of
the outputs of the respective comb thereto. The delay circuit 38 delays the
signal  filters 30A to 30F or the average value of the Input inputted
thereto for a time during which six counter  data DS and subtract the
calculated average value counts are sampled; that is, for the time take for
from the data 084. the drum motor to make a full rotation. The delay
Motor rotation control apparatus embodying the circuit 38 generates data
DS2 which is fed back to  15  invention and described hereinbelow employs a
the adder 34 where it is added to the next data fed  simple circuit
associated with such a filter circuit as thereto from the subtracter 32.
For example, if the  is shown in Figure 1 to permit DC component data DS2
corresponds to the sampled count N1,    transmission. the adder 34 adds the
data DS2 to the data cor-      Figure 5 shows a motor rotation control
appara- responding to the count N7 sampled In the follow-  20  tus
embodying the invention. The apparatus In- ing sampling cycle. The data DS2
represent the    cludes speed-servo and phase-servo loops for con- average
value of the data 081. The data DS2 is fed  trolling rotation of a drum
motor 50 in a manner to to the multiplier 40 where the data DS2 is multi-
rotate a drum (not shown) at a constant speed. The piled by the
multiplication factor K smaller than  apparatus includes a motor rotation
sensor 60 hav- unity to develop data DS3. The data DS3 represent  25  ing a
frequency generator or pulse generator 61 an error of each of the sampled
counts N1, N2, N3,  operable In connection with the drum motor 50 and ...
from a centre value (zero level), as shown by a  first and second heads 62
and 63 disposed In waveform (c) in Figure 3. The primary low pass    close
proximity to the circumference of the gener- filter 30A thus functions in a
manner substantially  ator 61 for generating signals which indicate the
equivalent to a resistive-capacitive (RC) low pass  so  speed and phase of
rotation of the drum motor 50. filter for analog signals. The data DS3 is
fed back  The first head 82 develops a series of pulses FG at to the
subtracter 32 which subtracts the data DS3  a frequency corresponding to
the speed of the from the data DS1. The data DS3 Is fed from the   drum
motor 50, as shown by the waveform (a) In multiplier 40 to the subtracter
16 which subtracts  Figure 2. The second head 63 develops a series of the
data DS3 from the data DS1.              35  pulses PG each corresponding
to 360 degrees of In a similar manner, the switches 22 and 24 are  rotation
of the drum motor 50, as shown by a set to operate the other primary low
pass filters  waveform (b) in Figure 6. The pulses FG are fed 30B to 30F
successively. The result is that the   from the first head 62 to a speed
error data forming subtracter 16 receives data DS4 which represents
circuit 70 which forms a part of the speed servo the 30 Hz component and
its higher harmonics  40  loop. The pulses PG are fed from the second head
extracted from the data DS. The adder 18 subtracts  63 to a phase error
data forming circuit 80 which the data DS4 from the original data DS to
remove  forms a part of the phase servo loop. the 30 Hz component and its
higher harmonics         The speed error data forming circuit 70 Is from
the data DS. The resultant data DSO devel-  shown In schematic form as
including a control oped at the output terminal 14 is shown by a   45
circuit 71 connected to control a counter 72. The waveform (d) in Figure 3.
control circuit 71 develops a reset/start (RSC) com- Figure 4 shows the
gain versus frequency      mand signal at the leading edge of each of the
characteristic of the comb filter circuit 10. It is to be  pulses PG and a
sample (SC) command signal at noted that the frequencies of 30 Hz, 60 Hz
and 90  the trailing edge of each of the pulses FG. Upon Hz correspond to
drum motor rotational frequen-  so  occurrence of such a reset/start (RSC)
command cies selected in various respective modes of opera-  signal, the
counter 72 clears its count and starts tion of a video tape recording
playback apparatus  counting clock pulses CK generated at a predeter- in
which the drum motor is Incorporated. Therefore,  mined frequency of, for
example, 1 MHz. The sam- the comb filter circuit 10 is effective to remove
ple (SC) command signal Is applied to sample the noise components
superimposed on the speed er-  55  count N of the counter 72. The speed
error data ror data due to nonuniform motor rotation at any  forming
circuit 70 produces.speed error data DS selected motor speed.
which includes the count values N1, N2, N3, ... that Normally, the input
data DS has a DC compo-   are sampled In a sequential fashion, as shown in
4    
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the third multiplication factor K2 to provide a An output of the speed
error data forming      weighting for the date communicated therethrough.
circuit 70 is coupled to one input of an adder or  The Integration circuit
85 integrates the phase error adder circuit 90 through a series circuit of
a dif-  data DP. The fourth multiplier circuit 86 has a ferentiating
circuit 74, a first multiplier circuit 75   a   predetermined fourth
multiplication factor K3 and and the filter circuit 10, and to another
input of the  multiplies the Integrated data by the fourth mul- adder 90
through a second multiplier circuit 76.   tiplication factor K3 to increase
the gain of the The differentiating circuit 74 differentiates the  phase
servo loop for low-frequency band compo- speed error data DS to convert It
into angular     nents. acceleration error data. It is to be noted that the
DC   to  The adder 90 adds the data fed from the filter component of the
speed error data DS is removed    circuit 10 from and the second, third and
fourth while it is differentiated in the differentiating circuit
multiplier circuits 76, 84 and 86. The summed or 74 and the angular
acceleration error data has an  added data is fed from the adder 90 to a
digital-to- AC component only with no DC component. The       analog (D/A)
converter 92 which converts it into a first multiplier 75 has a
predetermined first mul-   1   corresponding analog control signal. This
control tiplication factor KO and multiplies the angular ac-  signal is
applied to a drive amplifier circuit 94 celeration error data by the first
multiplication factor  which thereby controls the speed and phase of to
provide a weighting for the data communicated  rotation of the drum motor
50. therethrough. The multiplied angular acceleration     In the
Illustrated embodiment, the first second, error data is fed from the first
multiplier circuit 75   20  third and fourth multiplication factors KO, K1,
K2 to the filter circuit 10. The filter circuit 10 removes  and K3 are set
In accordance with the relationship the 30 Hz component and higher
harmonics thereof   KO > K1 > K2 > K3 in order that the motor rotation
which may be superimposed on the received data,    control apparatus has a
faster response to a speed in the same manner as described above with
refer-  error than to a phase error. ence to Figure 1. The second
multiplier circuit 76   25  In the Illustrated embodiment, the speed error
has a predetermined second multiplication factor   data DS is
differentiated to have its DC component Ki and multiplies the speed error
data DS by the  removed before the data is processed in the filter second
multiplication factor K1 to provide a weigh-  circuit 10 so that the filter
circuit 10 can handle the ting for the data communicated therethrough. The
AC component only. This permits the rotation con- loop including the second
multiplier 76 is effective   30  trol apparatus to remove only the
component re- to communicate a DC component which represents    lated to
the actual variances of rotation of the drive a target or reference motor
speed required to con-  motor 50. This effect Is Improved by the first
multi- trol the drum motor 50.                            plier circuit 75,
which has the greatest multiplica- The phase error date forming circuit 80
is     tion factor KO. In addition, the DC component pro- shown in
schematic form as Including a control  35  duced by a hold means in the
counter 72, which circuit 81 connected to control a counter 82. The
represents a target or reference motor speed re- control circuit 81
develops a sample (SC) com-    quired to control the drum motor, is
communicated mand signal at the leading edge of each of the PG  through the
second multiplier circuit 76 to the ad- pulses fed thereto from the second
head 63. A      der 90. vertical synchronisation signal VP, shown In Figure
40  Although this embodiment has been described 6 (a), is applied at a
terminal 83 to cause the   in connection with a digital servo circuit, it
is to be counter 82 to clear Its count and start counting   noted that It
is equally applicable to analog servo clock pulses CK generated at a
predetermined       circuits, in which case the delay circuit 38 (Figure
frequency of, for example, 1 MHz. The sample       1) may use a charge
coupled device (CCD) ele- (SC) command signal Is applied from the control
45  ment. circuit 81 to sample the count M of the counter 82.   According
to this embodiment, It is possible to The phase error data forming circuit
80 produces  remove errors Introduced Into motor rotation servo phase error
data DP which include count values     control due to motor rotation
variances by a simple M1, M2, ... that are sampled in a sequential fash-
circuit arrangement. In addition, it is possible to ion, as shown In Figure
6 (c).                50  handle superimposed noise and its higher har- An
output of the phase error data forming cir-  monics by only using comb
filters having a high cuit 80 is coupled to a further input of the adder 90
quality factor or "Q". This is effective to avoid low- through a third
multiplier circuit 84 and is con-  frequency band phase shift and to
achieve stable nected to yet another input of the adder 90 through  and
accurate motor rotation control. a series circuit of an integration circuit
85 and a   55  Figure 7 shows a motor rotation control appara- fourth
multiplier circuit 88. The third multiplier cir-  tus. The apparatus
Includes speed-servo and cult 84 has a predetermined third multiplication
phase servo-loops for controlling rotation of a drum factor K2 and
multiplies the phase error data DP by  motor 150 in a manner to rotate a
drum (not    9                EP 0 249 465 B1                   10 



shown) at a constant speed. The apparatus in-    (SC) command signal is
applied from the control cludes a motor rotation sensor 160 which includes
circuit 181 to sample the count M of the phase a frequency generator or
pulse generator 161 op-  error counter 182. The phase error data forming
erable in connection with the drum motor 150, and  circuit 180 produces
phase error data DP which first and second heads 162 and 163 disposed in
5   includes the count values M1, M2, ... that are close proximity to the
circumference of the gener-  sampled in a sequential fashion, as shown in
Fig- ator 161 for generating signals which indicate the  ure 8 (c). speed
and phase of rotation of the drum motor       An output of the phase error
data forming cir- 150. The first head 162 develops a series of pulses  cult
180 is coupled through a data modification FG at a frequency corresponding
to the speed of  10  circuit 190 to a second gain control circuit 198 and
the drum motor 150, for example, three pulses for  from there to another
input of the adder 200. The one rotation of the drum motor 150, as shown by
second gain control circuit 198 may be in the form the waveform (a) in
Figure 2. The second head 163  of a multiplier circuit having a
predetermined mul- develops a series of pulses PG each corresponding
tiplication factor KS to provide a weighting for the to 360 degrees of
rotation of the drum motor 150,  is  data communicated therethrough. A
computer 210 as shown by the waveform (b) in Figure 6. The    can change
the gains K4 and K5 based upon data pulses FG are fed from the first head
162 to a   inputted thereto from an external operator 212. speed error data
forming circuit 170 which forms a  The data modification circuit 190
Includes an part of the speed servo loop. The pulses PG are  adder 191
having an input from the phase error fed from the second head 163 to a
phase error  20  data forming circuit 180. The adder 191 has an data
forming circuit 180 which forms a part of the  output connected to one
input of an AND gate 192 phase servo loop.
having another input connected to a terminal 193 to The speed error forming
circuit 170 Is shown In  which a signal having a code FOH represented as
schematic form as including a control circuit 171  "11110000" Is applied.
The output of the adder connected to control a speed error counter 172.  25
191 Is also connected to one input of a subtracter The control circuit 171
develops a reset/start   194 which has another Input connected to the (RSC)
command signal at the leading edge of each  output of the AND gate 192. The
output of the of the pulses FG and a sample (SC) command       subtracter
194 is connected through a delay circuit signal at the trailing edge of
each of the pulses FG.  195 to another input of the adder 191. The output
Upon occurrence of such a reset/start (RSC) com-  so  of the AND gate 192
is connected to the second mand signal, the speed error counter 172 clears
its  gain control circuit 198. count and starts counting clock pulses CK
gen-      The adder 200 adds the data fed thereto from erated at a
predetermined frequency of, for exam-  the first and second gain control
circuits 174 and pie, 1 MHz. The sample (SC) command signal is    198. The
summed or added data is fed from the applied to sample the count N of the
speed error  35  adder 200 to a digital-to-analog (D/A) converter 202
counter 172. The speed error data forming circuit  which converts it into a
corresponding analog con- 170 produces speed error data DS which Includes
trol signal. This control signal is applied to a drive the count values N1,
N2, N3 ... that are sampled in  amplifier circuit 204 which thereby
controls the a sequential fashion, as shown  in Figure 2(b).  speed and
phase of the drum motor 150. An output of the speed error data forming   40
The operation of the data modification circuit circuit 170 is coupled to
one Input of an adder 200  190 will now be described. First of all, for
purposes through a first gain control circuit 174 which may  of this
explanation assume that the output of the be in the form of a multiplier
circuit having a  phase error data forming circuit 180 is connected
predetermined multiplication factor K4. The first  directly to the second
gain control circuit 198 with gain control circuit 174 multiplies the speed
error  45  the data modification circuit 190 being removed. data DS by the
multiplication factor K4 to provide a  The first gain control circuit 174
multiplies the weighting for the data communicated therethrough.  speed
error data DS by the multiplication factor K4 The phase error data forming
circuit 180 is   and produces data represented as K4 x DS. The shown in
schematic form as including a control   second gain control circuit 198
multiplies the phase circuit 181 connected to control a phase error  50
error data DP by the multiplication factor K5 and counter 182. The control
circuit 181 develops a  produces data represented as K5 x KP. The adder
sample (SC) command signal at the leading edge   200 adds the data K4 X DS
and the data K5 X DP. of each of the pulses PG fed thereto form the
Assuming now that both the speed error data DS second head 163. A vertical
synchronisation signal  and the phase error data DP are 8-bit data and that
VP Is applied at a terminal 183 to cause the phase  55  the multiplication
factor K4 is set at about 1 and error counter 182 to clear its count and
start count-  the multiplication factor K5 is set at [err], the data ing
clock pulses CK generated at a predetermined  outputted from the adder 200
is represented as: frequency of, for example, 1 MHz. The sample 6    11
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K4 X DS + K5 X DP = DS + [err] X DP                  mulated, 1 is added to
the digit at the fourth bit position from the most significant bit (MSB) of
the As shown In Figure 8, In which the abbrevia-  phase error data DP; that
is, at the lowermost bit tions "MSB" and "LSB" represent "most significant
position of the upper four bits of data obtained from bit" and "least
significant bit", respectively, the   5   the AND gate 192. The upper four
bits of data are data [err] X DP is equivalent to the phase error data  fed
to the second gain control circuit 198. DP shifted by four bits towards the
lower bit side   Figure 9 shows a modified form of the data and, thus, the
added data DS/[err] X DP is 12-bit    modification circuit that can be
applied to more data. The added data Is fed to the D/A converter  general
purposes. This modification is effective to 202. It is preferable that the
D/A converter 202 is  10  compensate for the lower bits of data of a-bit
error an 8-bit converter in view of cost considerations.  data inputted to
the data modification circuit, the Such an 8-bit D/A converter converts the
upper   upper bits of data being fed to a D/A converter 300 eight bits of
digital data into analog form while  having a processing capacity equal to
an effective omitting the other lower four bits of data. However,  number b
of bits smaller than the number a of bits this manner of operation
introduces noise into the   15  of the error data. control signal so as to
degrade the motor rotation  In Figure 9, the data modification circuit,
des- control accuracy, increase wow and flutter, and  ignated by the
numeral 290, includes an adder 291 exert adverse influences on the signal,
particularly  having an Input to which a-bit data D is fed. The in its low
frequency band. Although it may be    adder 291 has an output connected to
one input of possible to overcome the problem by employing a   20  an AND
gate 292 having another Input connected 13-bit D/A converter, such a
converter is too costly  to a terminal 293 to which a signal S having a
code to be used in such an apparatus.                  is applied for
extracting the upper bits (b bits) of The data modification circuit 190
provides an  data from the inputted abit data D. The output of elegant
solution to the above problems. The AND   the adder 291 is also connected
to one Input of a gate 192 is open to communicate the data from the  25
subtracter 294 which has another input connected adder 191 to the second
gain control circuit 198  to an output of the AND gate 292. An output of
the when it receives a logic 1 level signal at its other  subtracter 294 Is
connected through a delay circuit input to which the FOH code signal
"11110000" Is  295 to another Input of the adder 291. The output applied.
Therefore, the AND gate 192 communi-    of the AND gate 292 is connected to
the D/A cates the upper four bits of data of the 8-bit phase  30  converter
300 which converts a b-bit digital signal error data DP to the second gain
control circuit 198  into a corresponding analog signal which is used to
and also to the subtracter 194, which subtracts the  control a motor 150.
upper four bits of data from the 8-bit phase error   The AND gate 292 is
open to communicate the data DP fed thereto from the adder 191. As a
data from the adder 291 to the D/A converter 300 result, the subtracter 194
develops a signal repre-  35  when it receives a logic 1 level signal at
the other senting the lower four bits of data. The lower four  Input 203 to
which the code signal S is applied. bits of data are fed to the delay
circuit 195, which  Therefore, the AND gate 292 communicates the provides a
predetermined time delay- relative to the  upper b bits of data of the
a-bit data 0 to the D/A signal applied thereto from the subtracter 194, the
converter 300 and also to the subtracter 294 which predetermined time delay
corresponding to one   40  subtracts the upper b bits of data from the
a-bit sampling interval at which the count values M1,   data D fed thereto
from the adder 291. As a result, M2, ... are sampled, as shown in Figure
6(c). The  the subtracter 294 develops a signal representing delay circuit
195 may employ a memory, an eight-  the lower c (a-b) bits of data. The
lower c bits of bit shift register, or the like capable of delaying the
data are fed to the delay circuit 295, which pro- lower four bits of data
for a time corresponding to  46  vides a predetermined time delay relative
to the the time interval at which the count values Ml, M2,  signal applied
thereto from the subracter 294, the ... are sampled, as shown in Figure
6(c). The adder  predetermined time delay corresponding to one 191 adds the
lower four bits of data of the pre-  sampling interval at which the data D
Is formed. viously sampled phase error data DP to the lower   The delay
circuit 295 may employ a memory, a four bits of data of the presently
sampled phase  50  shift register, or the like capable of delaying the
error data DP in such a manner that 1 is added to  lower c bits of data by
a time corresponding to the the digit at the fourth bit position from the
most  one sampling interval. The adder 291 adds the significant bit (MSB)
of the phase error data DP.  lower c bits of data of the previously sampled
data The added data is fed through the subtracter 194  D to the lower c
bits of data of the presently and the delay circuit 195 to the adder 191
again.  55  sampled data D in a similar manner to that de- This operation
is repeated so that the adder 191  scribed with reference to Figure 7. The
added data accumulates the lower four bits of data.         is fed through
the subtracter 294 and the delay When the lower four bits of data are accu-
circuit 295 and applied to the adder 291 again. 7    13                EP 0
249 466 B1                   14 



This operation is repeated so that the adder 291  without omitting any part
of the digital data, as accumulates the lower c bits of data. When the
described with reference to Figures 7 and 9. For lower c bits of data are
accumulated, 1 is added to  example, the code signal [err] may be
"11000000" the digit at the lowermost bit position of the upper  if the
multiplication factor K3 is [err]. b bits of data. The upper b bits of data
are fed to   5  The comb filter circuit 10a is shown in detail In the D/A/
converter 300 where they are converted   Figure 11. The comb filter circuit
10a is substan- into digital form for controlling the motor 150. It is,
tially the same as the comb filter circuit 10 de- therefore, apparent that
the apparatus is effective  scribed with reference to Figure 1 except for a
data to improve the motor rotation control accuracy.   modification circuit
41 which Is connected at the Figure 10 shows another servo control appara-
10  output of the multiplier 40. The data modification tus embodying the
invention which Is substantially  circuit 41 is substantially the same as
the data the same as the embodiment shown in and de-       modulation
circuit 290 shown In and described with scribed with reference to Figure 5,
except for the  reference to Figure 9 except for the code signal provision
of a data modulation circuit in each of the  applied to the other Input 293
of the AND gate 292. circuits to the adder 90 and except for the comb   is
The code signal, which is dependent on the mul- filter circuit (referenced
10a In Figure 10) being of  tiplication factor K, is selected in a manner
permit- a different construction. Accordingly, parts in Fig-  ting the D/A
converter 92 to convert the input ure 10 which are like parts in Figure 5
are des-  digital data into analog form without omitting any ignated by
like references.                       part of the digital data, as
described with reference In this embodiment, in data modulation circuit  20
to Figures 7 and 9. 320 is provided in line between the second multl- plier
circuit 76 and the adder 90. The data modula-  Claims tion circuit 320 is
substantially the same as the data modulation circuit 290 shown in and
described  1. Apparatus for controlling rotation of a motor, with reference
to Figure 9 except for the code   25  the apparatus comprising: signal
applied to the other Input 293 of the AND         a sensor (60) for sensing
a condition of the gate 292. The code signal FCH, which is depen-
motor rotation and for generating a motor rota- dent on the multiplication
factor K1, is selected in a  tion signal (FG) Indicative of the sensed con-
manner permitting the D/A converter 92 to convert     dition of the motor
rotation; the input digital data into analog form without omit-  so  a
signal processor (70) connected to the ting any part of the digital data,
as described with  sensor (60) for processing the motor rotation reference
to Figures 7 and 9. For example, the        signal (FG) to provide an error
signal (DS) code signal FCH may be "11111100" if the mul-        indicative
of an error between the sensed con- tiplication factor K1 is [err]. A data
modulation cir-   ditlon and a desired condition; cuit 340 Is provided in a
line between the second  35    means (74) connected to the signal pro-
multiplier circuit 84 and the adder 90. The data      cessor (70) for
extracting an alternating current modulation circuit 340 is substantially
the same as   component from the error signal (DS); the data modulation
circuit 290 shown in and de-        a comb filter circuit (10; 10a)
connected to scribed with reference to Figure 9 except for the     be
supplied with the alternating current compo- code signal applied to the
other input 293 of the   40  nent and operative to provide a filtered
signal AND gate 292. The code signal [err], which is          (DSO) by
filtering out a motor rotation compo- dependent on the multiplication
factor K2, is se-     nent which may be superimposed on the mo- lected in a
manner permitting the D/A converter 92   tor rotation signal (FG) at a
frequency.of rota- to convert the input digital data into analog form
tion of the motor and higher harmonics thereof; without omitting any part
of the digital data, as   45   an adder (90) for adding the filtered signal
described with reference to Figures 7 and 9. For     (DSO) from the comb
filter circuit (10; 10a) and example, the code signal [err] may be
"11110000"       the error signal (DS) from the signal processor if the
multiplication factor K2 is [err]. A data modu-  (70) to provide a control
signal; and lation circuit 360 is provided in a line between the
driving means (94) responsive to the con- second multiplier circuit 86 and
the adder 90. The   50  trol signal for driving the motor (50). data
modulation circuit 360 is substantially the same as the data modulation
circuit 290 shown in  2. Apparatus according to claim 1, which includes and
described with reference to Figure 9 except for   a first circuit (75) for
multiplying the alternating the code signal applied to the other Input 293
of     current component, before it is supplied to the the AND gate 292.
The code signal [err], which is  55   comb filter circuit (10; 10a), by a
predeter- dependent on the multiplication factor K3, is se-     mined first
value (KO), and a second circuit lected In a manner permitting the D/A
converter 92    (76) for multiplying the error signal (DS), be- to convert
the input digital data Into analog form    fore it Is supplied to the adder
(90), by a    13                EP 0 249 465 B1                    14 This
operation is repeated so that the adder 291   without omitting any part of
the digital data, as 



accumulates the lower c bits of data. When the     described with reference
to Figures 7 and 9. For lower c bits of data are accumulated, 1 is added to
example, the code signal [err] may be "11000000" the digit at the lowermost
bit position of the upper  if the multiplication factor K3 is [err]. b bits
of data. The upper b bits of data are fed to   5  The comb filter circuit
10a is shown in detail In the DIN converter 300 where they are converted
Figure 11. The comb filter circuit 10a is substan- into digital form for
controlling the motor 150. It is,  tially the same as the comb filter
circuit 10 de- therefore, apparent that the apparatus is effective  scribed
with reference to Figure 1 except for a data to improve the motor rotation
control accuracy.    modification circuit 41 which is connected at the
Figure 10 shows another servo control appara-  10  output of the multiplier
40. The data modification tus embodying the invention which is
substantially  circuit 41 is substantially the same as the data the same as
the embodiment shown In and de-        modulation circuit 290 shown in and
described with scribed with reference to Figure 5, except for the
reference to Figure 9 except for the code signal provision of a data
modulation circuit In each of the  applied to the other Input 293 of the
AND gate 292. circuits to the adder 90 and except for the comb   16  The
code signal, which is dependent on the mul- filter circuit (referenced 10a
In Figure 10) being of  tiplication factor K, is selected in a manner
permit- a different construction. Accordingly, parts in Fig-  ting the D/A
converter 92 to convert the input ure 10 which are like parts in Figure 5
are des-   digital data into analog form without omitting any ignated by
like references.                        part of the digital data, as
described with reference In this embodiment, in data modulation circuit  20
to Figures 7 and 9. 320 Is provided in line between the second muti- plier
circuit 76 and the adder 90. The data modula-  Claims tion circuit 320 is
substantially the same as the data modulation circuit 290 shown in and
described  1. Apparatus for controlling rotation of a motor, with reference
to Figure 9 except for the code   25   the apparatus comprising: signal
applied to the other input 293 of the AND          a sensor (60) for
sensing a condition of the gate 292. The code signal FCH, which Is depen-
motor rotation and for generating a motor rota- dent on the multiplication
factor K1, is selected in a  tion signal (FG) indicative of the sensed con-
manner permitting the DIA converter 92 to convert     dition of the motor
rotation; the Input digital data into analog form without omit-  so  a
signal processor (70) connected to the ting any part of the digital data,
as described with  sensor (60) for processing the motor rotation reference
to Figures 7 and 9. For example, the        signal- (FG) to provide an
error signal (DS) code signal FCH may be "11111100" if the mul-
Indicative of an error between the sensed con- tiplication factor K1 is
[err]. A data modulation cir-  dition and a desired condition; cult 340 is
provided In a line between the second   35    means (74) connected to the
signal pro- multiplier circuit 84 and the adder 90. The data      cessor
(70) for extracting an alternating current modulation circuit 340 Is
substantially the same as   .  component from the error signal (DS); the
data modulation circuit 290 shown in and de-         a comb filter circuit
(10; 1 0a) connected to scribed with reference to Figure 9 except for the
be supplied with the alternating current compo- code signal applied to the
other Input 293 of the   40  nent and operative to provide a filtered
signal AND gate 292. The code signal [err], which is           (DSO) by
filtering out a motor rotation compo- dependent on the multiplication
factor K2, Is se-     nent which may be superimposed on the mo- lected in a
manner permitting the D/A converter 92    tor rotation signal (FG) at a
frequency. of rota- to convert the input digital data into analog form
tion of the motor and higher harmonics thereof; without omitting any part
of the digital data, as   45    an adder (90) for adding the filtered
signal described with reference to Figures 7 and 9. For      (DS0) from the
comb filter circuit (10; 10a) and example, the code signal FOH may be
"11110000"        the error signal (DS) from the signal processor if the
multiplication factor K2 is [err]. A data modu-  (70) to provide a control
signal; and lation circuit 360 is provided in a line between the
driving means (94) responsive to the con- second multiplier circuit 86 and
the adder 90. The   so  trol signal for driving the motor (50). data
modulation circuit 360 is substantially the same as the data modulation
circuit 290 shown in   2. Apparatus according to claim 1, which includes
and described with reference to Figure 9 except for   a first circuit (75)
for multiplying the alternating the code signal applied to the other input
293 of    current component, before it is supplied to the the AND gate 292.
The code signal [err], which is  55   comb filter circuit (10; 10a), by a
predeter- dependent on the multiplication factor K3, Is se-     mined first
value (K0), and a second circuit lected In a. manner permitting the D/A
converter 92   (76) for multiplying the error signal (DS), be- to convert
the input digital data Into analog form    fore it Is supplied to the adder
(90), by a    15                EP 0 249 465 B1                    16
predetermined second value (K1) which is less      and than the first value
(KO).                            drive means (94) responsive to the control



signal for driving the motor (50). 3. Apparatus according to claim 1 or
claim 2, wherein the comb filter circuit (10; 10a) in-   6   5. Apparatus
according to claim 4, which includes cludes an input terminal (12)
connected to the      a first gain control means (75) for multiplying
altemating  current  component  extracting         the alternating current
component, before it is means (74), an output terminal (14) connected
supplied to the comb filter circuit, by a first to the adder (90), a
plurality of primary low      value (KO), a second gain control means (76)
pass filters (30A to 30F), and switching means   10  for multiplying the
digital speed error signal (22, 24) for connecting different ones of the
(DS), before it is supplied to the adder (90), by primary low pass filters
(30A to 30F) between      a second value (K1) which Is smaller than the the
Input and output terminals (12, 14) In a       first value (K0), and a
third gain control means predetermined sequence at a predetermined
(84) for multiplying the digital phase error sig- number of degrees of
rotation of the motor.  15    nal (DP), before it is supplied to the adder
(90), by a third value (K2) which Is smaller than 4. Apparatus for
controlling rotation of a motor,     the second value (K1). the apparatus
comprising: a sensor (60) sensitive to the motor's rota-  6.  Apparatus
according to claim 4 or claim 5, tion speed and phase for generating speed
20     wherein the comb filter circuit (10; 10a) in- and phase signals (FG,
PG) indicative of the       cludes an input terminal (12) connected to the
sensed motor rotation speed and phase, re-         alternating  current
component  extracting spectively;
means (74), an output terminal (14) connected a first signal processor (70)
for processing   to the adder (90), a plurality of primary low the speed
signal (FG) to provide a digital  25     pass filters (30A to 30F), and
switching means speed error signal (DS) comprising successive      (22, 24)
for connecting different ones of the digital signal portions (N1, N2 etc.)
each hav-    primary low pass filters (30A to 30F) between Ing a
predetermined number of bits and repre-     the Input and output terminals
(12, 14) In. a senting a speed error between the sensed
predetermined sequence at a predetermined motor rotation speed and a target
motor rota-  30  number of degrees of rotation of the motor. tion speed; a
second signal processor (80) for pro-     7. Apparatus according to claim
4, claim 5 or cessing the phase signal (PG) to provide a         claim 6,
which includes a first data modification digital phase error signal (DP)
comprising suc-    circuit (320) for dividing each of the successive
cessive digital signal portions (Ml, M2 etc.)   35  digital speed error
signal portions into a first each having a predetermined number of bits
digital signal portion having upper bits of data and representing a phase
error between the         and a second digital signal portion having the
sensed motor rotation phase and a target mo-       remaining lower bits of
data, the first data tor rotation phase;
modification circuit (320) Including means for means (74) connected to the
first signal  40   adding the second digital signal portion to the
processor (70) for extracting an alternating cur-  next one of the
successive digital speed error rent component from the digital speed error
signal portions, and a second data modulation signal (DS);
circuit (340) for dividing each of the successive a comb filter circuit
(10; 10a) for filtering  digital phase error signal portions into a third
out a motor rotation component which may be   45   digital signal portion
having upper bits of data superimposed on the speed signal (FG) at a
and a fourth digital signal portion having the frequency of rotation of the
motor and higher      remaining lower bits of data, the second data
harmonics thereof from the alternating current     modification circuit
(340) including means for component to provide a filtered signal (DS0);
adding the fourth digital signal portion to the an adder (90) for adding
the digital speed   so  next one of the successive digital phase error
error signal (DS) from the first signal processor  signal portions. (70),
the digital phase error signal (DP) from the second signal processor, and
the filtered  Revendloations signal (DS0) from the bomb filter circuit (10;
10a) to produce a digital output signal;  as  1. Disposltif pour commander
Ia rotation d'un mo- a digital-to-analog converter (92) for con-    tour,
le dispositlf comprenant: verting the digital output signal of the adder
un capteur (60) pour captor une condition (90) Into a corresponding analog
control signal;   de la rotation du moteur et pour g4ndrer un    17
EP 0 249 466B1                      I SI!IlIJ HLl III  lIlI 11111 C  L  M
5 signal de rotation de moteur (FO) indicatif de    des signaux de vitesse
et de phase (FG. PO) la condition captde de la rotation du moteur;     qui
Indiquent respectivement la vitesse de ro- 



un processeur de signal (70) connectl. au     tation de moteur et la phase
captdes; captour (80) pour traitor le signal de rotation de   un premier
processour de signal (70). pour motbur (FO) atin de foumir un signal
d'orrour   5  traitor lo signal do vitesso (FO) afin de foumir (DS)
Indicatf drune erreur entre la condition     un signal d'orreur de vitesse
numdrique (DS) captee et une condition souhalteo;                compronant
des parties de signal numerique un moyen (74) connect6 au processeur de
successis (N, N2, etc...). chacune ayant un signal (70) pour extraire une
composante de       nombre predditermin6 de bits et representant courant
altematif du signal d'erreur (DS);  10   iune orreur de vitosse entre la
vitesse de rota- un ciruit do filtro-peigno (10 ; lOa)        Vton de
moteur capteo et une vitesse de rota- connect de fagon A recovoir la
composante        tVon do moteur cible; de courant alternatif et
fonctlonnant pour four-    iun second processeur de signal (60) pour nir un
signal ffltr (DSO) on 41lminant par Iltra-  traiter le signal de phaso (P6)
asin de foumir go une composante de rotation de motbur qul  i7   un signal
d'errour de phote numdrique (DP) pout Gtre superpos~e au signal de rotatlon
de     compronant des parties de signal numdrique moteur (FQ) A une
fr6quence de .rotation du       successives (Ml, M2 etc...), chaoune ayant
un moteur et I des harmoniques plus Owevdes do       nombre prid6termind de
bits et repr6sentant cell-cl;                                          une
errour de phase entre la phase de rotation un additionneur (90) pour
additionner le  20  de moteur capt6e et une phase de rotation de signal
flit (DSO) qui provient du circuit de      moteur cible; filtre-pelgne (10
; 10a) et l signal d'erreur        un moyen (74) connecte au premier pro-
(OS) qui provient du procossour de signal (70)    cesseur de signal (70)
pour extraire une corn- pour foumir un signal de commando ; et
posante de courant aitematif du signal d'erreur un moyen d'entralhement
(94) sensible au   26  de vitesse num~rique (DS); signal de commande pour
entratler le moteur          un circuit de filtre-peigne (10; lOa) pour
(50).                                             6lminer par filtrage une
composante de rota- tion de moteur qul pout 8tre suporposee au 2.
Dispositif solon la revendlcation 1, qui inclut un  signal de vitesse (FG)
b une certaine frdquen- premier circuit (75) pour multiplier la compo-  3o
ce de rotation du moteur et & des harmoniques sante de courant alternatif.
avant qu'eoe no solt  plus dlev6es de celle-cl a partir de ia compo-
acheminde au circuit de flltre-poigne (10 :       santo de courant
aiternatif afin de foumir un 10a), par une prernibre valeur pr~ddterminde
signal flNtrO (DSO); (KO), et un second circuit (78) pour multiplier le
un additlonneur (90) pour additionner le signal d'errour (OS), avant qu'li
ne soft acheml-  ss  signal d'errour de vitesse numerique (DS) qul n6 &
l'additlonneur (90), par une seconde va-     provient du premier processeur
de signal (70), four predetermlnee (Ki) qul est I nfdreure a la  le signal
d'erreur de phase numdrique (DP) qui premlere valeur (KO).
provient du second processeur de signal et le signal flltre (DSO) qul
provient du circuit de 3  Dispositlf selon la revendicatlon 1 ou 2,-dans
40  fiitre-pelgne (10: 1Oa) afin de produire un loquel le circuit de
flltre-poigne (10:; Oa) Inclut  signal de sortie numerique; une borne.
d'entrde (12) qui est connectdo au        un  convertisseur
numdrique/analogique moyen d'extraction de composante de courant       (92)
pour convertir le signal de sortie numdrl- alternatif (74), uno borne de
sortie (14) qui eat  quo de raddltionneur (90) on un signal de connectbo &a
r'addltonneur (90), une pluralt   4s  commando analoglque correspondant ;
ot de filtres passe-bas primaires (30A & 30F) et        un moyen
d'entralhement (94) sensible au un moyen de commutation (22, 24) pour
signal de commando pour entrather le moteur connecter cortains filtres
dffldrents pris parml  (50). les fitres passe-bas primaires (30A a 30F)
entre les bomes d'entr~o -t de sortie (12. 14)  so  5. Disposfltf selon le
revendication 4, qul Inclut un solon une sbquence preddterminde pour un
premler moyen de commande de gain (75) nombre pr~ddtermlnW de degres do
rotation du      pour multiplier Ia composante de courant alter- moteur.
natif avant qu'elle ne solt achemnnde au circuit de flltre-peigne. par une
premlbre valeur (KO). 4. Dispositif pour commander la rotation d'un mo-  a
un second moyen de commands de gain (78) tour, le dispositif comprenant:
pour multiplier lo signal d'erreur de vitesse un capteur (60) sensible la
vitesse et &     nurnrique (DS) avant qu'll no solt achemln6 & la phase de
la rotation du moteur pour gen~ror   l'addlffonneur (90). par une seconds
valeur 10    19                EP 0 249 465 B1                   20
11111111111111 ~ C   L  M   S* (Ki) qul est Inferieure I la premiere valour
elnem mit dem Sensor (60) verbundenen 



(KO), et un troisibme moyen de commando de        Signalprozessor (70) zur
Verarbeitung des Mo- gain (84) pour multiplier to signal d'erreur de
tordrehungsslgnals (FO) und zur IJeferung of- _         phase numerique
(DP) avant quil nesoit ache-      nes Fehlersignals (DS), das fUr die
Abwel- mind & I'additionneur (90) par une trolslbme   s  chung zwischen dem
ermittelten Zustand und valeur (K2) qui est inf6rioure & la seconde
einem gowUnschten Zustand kennzelchnand valeur (Kl).
ist. elner mit dem Signalprozessor (70) ver- 6  Dispositif solon ia
revendication 4 ou 5, dane     bundenen Einrcitung (74) zur Extrahlerung
el- lequel ie circuit de fltre-peigno (10; 1Oa) Inclut  io  ner
Wechaeistromkomponentb aus dem Feh- une borne d'entr~e (12) qul est
connectee au      lersignal (DS). moyen d'extractlon de composante de
courant           elner mit der Wechselstromkomponente sitematif (74), une
borne de sortle (14) qul est  beauftchlagbaren  Kammfilterschaltung  (10;
connectse & I'additionneur (90), une pluralit     10), die sin geflitertes
Signal (DS0) liefert, aus do flltres passe-bas primaires (30A & 30F) et  15
dem elne dem Motordrehungaisgnal (FQ) ge- un moyen de commutation (22, 24)
pour             gebenfals Uberlagert. Motordrehungskompo- connecter
certains filtres diflrents pris parml   nente mit der Frequenz der
Motordrehung und les flMtres passe-bas primalres (30A A 30i )      h8heren
Harmonischen derselben ausgdfiltert entre les bomes d'entrde et de sortie
(12, 14)    sind, selon une sequence predetermninde pour un   20
elnem Addlerer (90) zum Addleren des aus nombre prEdtermIne de degres de
rotation du       der Kammliiterschaltung (10; 10a) kommenden moteur.
geflterten Signal. (DS0) und des aus dem. Slgnalprozessor (70) kommenden
Fehiersi- 7. Dispositif selon la revendilcatlon 4, 5 ou 8, qul  gnals (DS)
zur Ueferung elnes Steuersignals Inclut un premier circuit de modification
de   25  und donnees (320) pour divisor chacune des par-           elner
aut des Stouerslgnal ansprechenden ties successives de signal d'erreur de
vitesse    Trelbereinrichtung (94) fOr den Motor (50). numdrique en une
premiere partle de signal numerique qul a des bits superleurs de don-    2.
Vorrichtung nach Anspruch 1 mIt elner ersten neos et en une seconde partie
de signal nume-  so  Schaftung (75) zum Multiplizieren der Wech- rique qui
a les bits Inferieurs restants de don-  selstromkomponento mit elnem ersten
vorbe- ndes, to premier circuit de modification. de      stimmten Wert
(KO), bevor ale der Karmmfilter- donndes (320) Incluant un moyen pour addi-
schaltung (10; lOa) zugoefhrt wird, und elner --tfonner la seconde parte de
signal numdrique      zwelten Schaitung (78) zum Multfplizieren des a la
suivante des parties successives de signal  es  Fohlersignals (DS) mit
olnem zweiten vorbe- d'erreur de vitesse numerique, et un second
stimmten Wert (Ki), der ktelner lst ais der circuit de modulation de
donnees (340) pour       erste Wert, bevor es dem Addlerer (90) zuge-
divisor chacune des parties successives de        fthrt wird. signal
d'erreur de phase numdrique en une trolsibme partie de signal num~rique qui
a des  40  3  Vorrichtung nach Anspruch I odor 2, bel der bits supEnteurs
de donndes et en une quatrib-     die Karnmilterschaltung (10; 1Oa) eonen
mit me partle de signal numdrique qul a les bits      dor Einrichtung (74)
zum  Extrahleren der Infdrieurs restants de donnees. le second cir-
Wechselstromkomponente verbundenen Ein- cuit de modification de donndes
(340) Incluant    gang (12), olnen mit dem Addierer (90) verbun- un moyen
pour additlonner la quatrlme partle  45  denen Ausgang (14), mehrern
pnimfre TiefpaO- de signal numerique A la sulvante des parties    filter
(30A bis 30F) sowle Schaltmittel (22, 24) successives de signal d'erreur de
phase nu-       autwelst, mit denen unterschledliche Exempla- merique.
re der primfiren Tiefpaflfilter (20A bis 30F) bel vorbostimmten Gradzahlen
der Motordrehung PabntmnsprlUche                              60      In
elner vorbestimmten Folge zwtschen don Eingang (12) und den Ausgang (14)
schaltbar 1. Vorrichtung zur Steuerung der Rotatson elnes       sInd.
Motors, bestehend aus elnem Sensor (80) zur Ermittlung elnes     4.
Vorrichtung zur Steuerung der Rotation elnes Umdrehungazusatnds des Motors
und zur Er-   w     Motors, bestehend aus zeugung olnes Motordrehungslgnals
(FG), das           elnem auf die Motorumdrehungsgeschwtn- fUr den
ermitteiten Umdrohungszustand des         dlgkoit und -phase ansprechenden
Sensor (60) Motors kennzoichnend lt,                          zur Erzougung
von Geschwindigketts- und - tl    21                 EP 0 249 466 B1
22       1         1 11 IM     !   ! phasensignalen (FGO  PG), die fOr die
erfaite      zwelten Wert (1K), der klelner lot als der erate 



MotorumdrehungsgeschwIndilgkit bzw. -phase         Wert (KO), bevor es (DS)
denm Addlerer (90) kennzeichnend ist.
zugefUhrt wird, sowie  mit elner dritten einem ersten Signalprozessor (70)
zur Ver-     Verstarkungsfaktor-Steueresnrichtung (84) zum arbeltung des
Geschwindigkeit8l8gnals (FG)   a     Muitipllzleren des digitalen
Phasenfehlersignals und zur Erzeugung sines digitelen Geschwin-        (DP)
mit elnem dritten Wert (K2), der klelner Ist dlgikstsfehlerslgnals (DS),
des aufelnanderfol-    ale der zweibt Wort (KI), bevor es (DP) dem gende
digitale Signaiantelo (Ni, N2 usw.) mit      Addlerer (90) zugefhrt wlrd.
jewIls elner vorbestimmte Anzahl von Bits umfalt, di elne
Geechwindlgkoltsabwelchung   io  6. Vorrlchtng nach Anspruch 4 oder 5. bel
der zwischen der erfaBben Motorumdrehungsge-           die
Kammmfilterschaltung (10; 10a) oenen mit schwindigelat und elnem Zlelwert
der Motor-        der Elnrichtung (74) zurn Extahien der
umdrebungsgeschwlndlgkolt reprasentleren,          Wechselstromkomrponento
verbundenen Ein- elnem  zweiten Slgnalprozessor (80) zur        gang (12),
olnen mit dom Addlerer (90) verbun- Verarbeltung des Phasensignals (PG) und
zur  16    denen Ausgang (14), mehrere prumire T791p90- Erzeugung eines
dlgitalen Phasonfahlerslgnals     filter (30A bis 30F) sowie Schaltmltel
(22, 24) (DP), des aufelnanderfolgende digitale Signal-     aufwelst, mit
denon unterschledliche Exempla- enteile (M1, M2 usw.) mit jewells sdner
vorbe-     re der primiren Tiefpa~ffter (20A bis 30F) bel stimmten Anzahl
von Bits urnfalt, die sne         vorbestimmten Gradzahlen der Motordrehung
Phasenabweichung zwischen der erhe~fn Mo-  2o     In elner vorbeslimmten
Folige zwlschen den torumdrehungsphase und elnem Zleiwert der
Eingiang (12) und den Ausgang (14) schaltbar Motorumdrehungsphase
reprlsentieren,     -         sind. elner mit dom ersten Signalprozessor
(70) verbundenen Einrichtung (74) zur Extrahlerung  7. Vorrichtung nach
Anspruch S. enthaltend: einer Wechseistromkomponente aus dem dIgl-  26
sine orate DatenmodMzlerungsschaltung talen Phasenfehiersignal (DS),
(320) zum Auftelien der einzelnen aufeinander- einer Krnmflilterschaltung
(10; 10a) zurn      folgenden dlgitalen Geschwindlgkeitsfehiersl- Ausfiltem
einer dem  Geschwindigkeltsignal        gnalantelle In elnen ersten
digitalen Signalan- (Fi). gogebenfalls Oberlagorten Motorumdre-       tell,
der die hdherwertigen Datenbits enthfit. hungskomponente mit elner der
Motorumdre-  so      und elnen zwelten digitalen Signalantell, der hung
entsprechenden Frequenz und hoheren           die verbleibenden
nledrigerwertigen Datenbits Harmonischen derselben aus der Wechsel-
enthlit, wobel die erste Datenmodlflzierungs- stromkomponente und zur
Ueferung eines go-         schaltung (320) Mittel zum Addieren des zwel-
filterten Signals (DSO),                           ten digitalen
Signalantells zu. dem nachsten elnern Addlerer (90) zum Addleren des aus
S6  der aufeinanderfolgenden digitalen Geschwin- dem ersten Signaiprozessor
(70) kommenden          dlgkeltsfohlersIgnalantelle aufwelst digitalen
GeschwIndilgkeltsfshlersignals (DS),        sowie sine zwelte.
Datonmodiftzlerungs- des aus dam zwelten Signalprozessor kom-
schaltung (340) zum Auftelen jedes der aufein- menden dligitaten
Phasonfehlersignals (DP)         anderfolgenden digitalen
Phasenfehiersignalan- und des aus der Kammfliterschaltung..(10; tOa)  40
toile In elnen dritten digitalen Signalantelt, der kommenden gefliterten
Signals (0D0) zur Er-        die hSherwertigen Datenbits enthflt, und elnen
zeugung gung eines digitalen Ausgangssi-           vierten digitalen
Signalantell, der die verblel- gnais,
benden nledrigerwortlgen Datenbits enthilt, elnern DIgltalAnalogwandler
(92) zur Urn-      wobel die zweite Datenmodifizisrungsschaltung wandlung
des digitalen Ausgangssignais des   4s    (40) Mittol zum Addleren des
vierten digitalen Addlsrers (90) In ein entsprechendes analoges
Signalantells zu dem nachsten der aufeinan- Stsuersignal. und
derfolgenden digitalen Phasenfohlerslgnaiantel- siener auf das Stiuersignal
ansprechenden       le aufwelst Treibereinrichtung (94) fUr don Motor (50).
60 5. Vorrichtung nach Anspruch 4 mit meinr ersten
Verstilrkngsfaktor-Steuersinrichtung (75) zum Muitiplizieren der
Wechaelstomkomponento mit oinem ersten Wert (KO), bevor ala der
Kamnmflitsrschaltung zugef0hrt wird, femer mit  5s elner zwelten
Verstirkungstaktor-Steuereonrich- Un (76) zurn Multiplizleren des digitalen
Ge- schwindigkeiatfehlersignals (DS) mit elnem 12    


