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CONVERTER (71)   We, KABUSHIKI  KAISHA DAINI  an oscillating signal applied
to an input of SEIKOSHA, a Japanese body corporate of  the converting
circuit; and a feedback cir- 6-31-1,- Kameido, Koto-ku, Tokyo, Japan,  cuit
connected to receive an output signal do hereby declare the invention, for
which  from the smoothing circuit, the arrangement 5 we pray that a patent
may be granted to us, being such that the switching circuit is con- 55 and
the method by which it is to be per-  trolled by a pulsiform control signal
the formed, to be particularly described in and  width of each pulse of
which is a function by the following statement: -           of the
difference between the voltage level This invention relates to
frequency-to-  of the output signal of the converting circuit 10 voltage
converters.                     and the voltage level of an output signal
of 60 One known frequency-to-voltage conver-  the feedback circuit.
ter-sometimes known as an integral fre-   In the preferred embodiment the
con- quency-to-voltage converter-consists of a  verter includes a
differential amplifier hav- monostable multi-vibrator triggered by an  ing
an inverting input connected to receive 15 oscillating input signal, and an
integrating  the output signal from the converting circuit 65 circuit for
receiving and smoothing a pulsi-  and a non-inverting input connected to
re- form output signal from the multi-vibrator  ceive the output signal of
the feedback- to produce a voltage signal therefrom.  circuit, the
differential amplifier, in opera- This frequency-to-voltage converter can-
tion, producing an output signal, the vol- 20 not be used as a power
source, since power  tage level of which is a function of thb 70
consumption affects the converting linearity  difference between the
voltage level of the badly. If a relatively high power source is  output
signal of the converting circuit and required, a DC power amplifier of high
the voltage level of the output signal of the gain and high power is
conventionally pro-  feedback circuit. 25 vided to amplify the output
signal of the    The converter preferably comprises a 75
frequency-to-voltage converter. The DC  comparison circuit connected to
receive -an power amplifier should be a highly precise  output signal from
a triangle wave genera- linear amplifier for maintaining the conver-  tor
and the output signal from the differen- ting linearity. However, it is
very difficult tial amplifier for producing the said pulsi- 30 to design a
DC power amplifier having both  form control signal therefrom.        80
precise linearity and high power, and many    Preferably the smoothing
filter, feedback linear DC power amplifiers are not suitable  circuit,
differential amplifier, comparison for use in such a power source because
their  circuit and switching circuit are connected operation  suppresses
power sufficiency. in a negative feedback loop. 35 Therefore, to produce
high power using a    According to a further aspect of the pre- 85 DC
amplifier, a far larger DC amplifier and  sent invention there is provided
a driving power source are required compared to the  circuit for a motor,
for example a syn- output power taken. The combination of a  chronous
motor, comprising a variable fre- frequency-to-voltage converter and a DC
quency oscillator for producing an oscil- 40 amplifier is not, therefore,
practical for  lating output signal, an amplifier connected  90 supplying
high power.                 to receive the output signal from the oscila-
According to the present invention, there  tor and to drive the motor, and
the fre- is provided a frequency-to-voltage converter  quency-to-voltage
converter  as re-cited comprising: a switching circuit having an  above
connected to receive the output sig- 45 input arranged to be connected to
an elec-  nal from the oscillator and to supply an 95 trical power source;
a smoothing filter con-  output signal to the amplifier. nected to an
output of the switching circuit;   Said amplifier may be a power amplifier.
a frequency-to-voltage converting circuit    The invention is illustrated,
merely by for generating an output signal which has  way of example, in the
accompanying draw- 50 a voltage level related to the frequenoy of  ings, in
which:                       100 11 SEP 1982    
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2 Figure 1 is a block diagram  of a fre- formed and includes the smoothing
filter 3, quency-to-voltage converter according to  the feedback circuit 7,
the differential ampli- the present invention;                    fier 6,
the comparison circuit 8 and the Figure 2 is a waveform Diagram showing
switching circuit 2 for making the voltage 5 the waveform of signals at
various parts of  of the output signal of the feedback signal 70 the
frequency-to-voltage converter of Figure  7 follow that of the
frequency-to-voltage and                                  converting
circuit. Thus the voltage of the Figure 3 is a block diagram of a driving
output signal of the smoothing filter 3 al- circuit including the
frequency-to-voltage  ways and exactly linearly follows that of 10
converter of Figure 1.                 the frequency-to-voltage converting
circuit. 75 Referring to Figure 1 there is illustrated    Thus, a
relatively high power frequency- a frequency-to-voltage converter
according.  to voltage converter is obtained in which to the present
invention. A relatively high  the DC voltage of the output signal from
power unregulated DC power source 1 has  the smoothing filter 3 is
controlled so that 15 an output terminal which is connected to a  the DC
voltage level is proportional to the  80 smoothing filter 3 through a
switching cir-  frequency of the oscillating input signal cuit 2. The
switching circuit 2 may consist  applied to the frequency-to-voltage con-
of a solid state switching element such as a  verting circuit 5. The
output of the fre- transistor. A triangular wave signal genera-
quency-to-voltage converting circuit 5 is 20 tor 4 generates an isosceles
triangle wave  controlled by a switching operation and does 85 voltage
output signal [err] as shown in Figure  not rely upon linear properties of
circuits 2. An integral frequency-to-voltage con-  or elements, e.g. a
linear DC amplifier. The verting circuit 5 includes a monostable  power
losses in the frequency-to-voltage multi-vibrator and an integrating
circuit,  converter are relatively small in spite of its 25 the monostable
multi-vibrator receiving an  relatively high power output and, further- 90
oscillating input signal as a trigger signal more, very precise and
accurate conversion and the integrating circuit receiving a pulsi-  of
frequency-to-voltage is obtained due to form  output signal from the
mono-stable  the provision of the negative feedback loop. multi-vibrator
and generating therefrom an    Figure 3 is a block diagram illustrating a
30  output signal whose voltage level is related  driving circuit of a
synchronous motor M  95 to the frequency of the oscillating input  and
including a frequency-to-voltage con- signal.  The output signal from the
fre-  verter 9 as illustrated in Figure 1. The quency-to-voltage converting
circuit 5 is  frequency-to-voltage converter 9 receives fed to an inverting
input of a differential an oscillating output signal from a variable 35
amplifier 6. A feedback circuit 7 receives  frequency oscillator 10 whose
frequency is 100 a voltage output signal from the smoothing  related to the
driving speed of the syn- signal 3 and feeds it to a non-inverting in-
chronous motor M.  The output signal put of the differential amplifier 6.
The  from the frequency-to-voltage converter 9 differential amplifier 6
generates, at its out-  is fed to a power amplifier 11, which also 40 put,
an output voltage [err]=[err]-[err], where  receives the output signal from
the oscilla- 105 the voltage [err] is the voltage of the output  tor 10,
and serves as a power source to the signal of the smoothing filter 3 and
the vol- synchronous motor M. tage [err] is the voltage of the output
signal   The driving circuit operates as follows. of the
frequency-to-voltage  converting  The output signal from the oscillator 10
is 45  circuit 5.                               amplified by the amplifier
11 which pro- 110 A comparison circuit 8 compares the vol-  duces an output
power signal. The output tage of the voltage signal [err] and the out-
power signal drives the synchronous motor put voltage [err] from the
differential amplifier  M  at a driving speed related to the fre- 6, and
generates a pulsiform signal, each  quency of the output signal of the
oscillator 50  pulse of which has a pulse width [err] cor-  10. The power
source for driving the syn- 115 responding to the duration when a voltage
chronous motor M is derived from the out- difference ([err]-[err]) is
positive. This pulsi-  put signal of the frequency-to-voltage con- form
signal controls the switching circuit  verter 9, the voltage of the output
signal of 2, and increases the voltage of the output  the power amplifier
11, i.e. the driving vol- 55 signal of the feedback circuit 7 by increas-
tage of the synchronous motor M, changes 120 ing the pulse width T, when
the voltage  in response to the frequency of the output [err] is decreasing
and by decreasing the pulse  signal from the oscillator 10. A lower fre-
width [err] when the voltage [err] is increas- quency output signal from
the oscillator 10 ing. When [err] is increasing the switching  results in a
lower driving speed of the syn- 60  circuit 2 effects a decrease in the
voltage of  chronous motor M and this is accompanied 125 the output signal
of the feedback circuit 7. by a lower driving voltage and vice-versa. When
the voltage [err] is decreasing the  therefore, excessive current
consumption, 



switching circuit 2 effects an increase in the  which would otherwise be
caused-by an im- voltage of the output signal of the feedback  pedance
decrease in the windings of the 65  circuit 7. Thus, a negative feedback
loop is  synchronous motor M on account of the 130    3
1,556,094                                     3 lower driving speed is
prevented by lower-  put signal from the converting circuit and ing the
driving voltage. On the other hand,  a non-inverting input connected to
receive insufficient current supplied to the syn-  the output signal of the
feedback circuit, 55 chronous motor M  caused by impedance  the
differential amplifier, in operation, pro- 5 increase in the windings on
account of a  ducing an output signal, the voltage level higher driving
speed of the synchronous  of which is a function of the difference be-
motor is prevented by increasing the driv-  tween the voltage level of the
output signal ing voltage.                            of the converting
circuit and the voltage 60 Synchronous motors may be damaged, level of the
output signal of the feedback 10 for example, if they are subjected. to ex-
circuit. cessive temperature rise which may result   3. A converter as
claimed in claim 2 in burning out of the windings, if excessive  comprising
a comparison circuit connected electric current is applied during either
to receive an output signal from a triangle 65 very low and continuous
driving speeds, or  wave generator and the output signal from 15 very
frequent intermittent driving, whilst  the differential amplifier for
producing the very high driving speeds decrease the electri-  said
pulsiform  control signal therefrom. cal current so that the desired torque
can-    4. A converter as claimed in claim 3 in not be maintained.  These
problems are  which the smoothing filter, feedback circuit, 70 salved with
the driving circuit of Figure 3.  differential amplifier, comparison
circuit 20   Further, this driving circuit is relatively  and switching
circuit are connected in a simple in construction and reduces heat
negative feedback loop. generation because the driving voltage is   5. A
frequency-to-voltage  converter controlled without any power loss in the
substantially as herein described with refer- 75 power amplifier 11 because
of the voltage  ence to and as shown in Figure 1 of the 25 control
exercised by the frequency-to-vol-  accompanying drawings. tage converter
9. Thus the driving circuit   6. A driving circuit for a motor, com- is
subject to less power loss and to less  prising a variable frequency
oscillator for temperature rise.                       producing an
oscillating output signal, an  80 amplifier connected to receive the output
30   WHAT WE CLAIM IS: -                    signal from the oscillator and
to drive the 1. A   frequency-to-voltage  converter  motor, and a
frequency-to-voltage conver- comprising: a switching circuit having an  ter
as claimed in any preceding claim and input arranged to be connected to an
elec-  connected to receive the output signal from  85 trical power source;
a smoothing filter con-  the oscillator and to supply an output signal 35
nected to an output of the switching circuit;  to the amplifier. a
frequency-to-voltage converting circuit   7. A driving circuit as claimed
in claim for generating an output signal which has a  6 in which said
amplifier is a power voltage level related to the frequency of an
amplifier.                         90 oscillating signal applied to an
input there-    8. A driving circuit as claimed in claim 40 of and a
feedback circuit connected to  6 or 7 in which the motor is a synchronous
receive an output signal from the smooth-  motor. ing circuit, the
arrangement being such    9. A driving circuit as claimed in claim that the
switching circuit is controlled by a  6 and substantially as herein
described with 95 pulsiform control signal the width of each  reference to
and as shown in Figure 3 of 45 pulse of which is a function of the
difference  the accompanying drawings. between the voltage level of the
output sig- nal of the converting circuit and the voltage      J. MILLER &
CO., level of an output signal of the feedback       Agents for the
Applicants, circuit.                                        Chartered
Patent Agents, 50   2. A converter as claimed in claim  1
Lincoln House, including a differential amplifier having an      296-302
High Holborn, inverting input connected to receive the out-     London WClV
7JH. Printed for Her Majesty's Stationery Office by Burgess & Son
(Abingdon), Ltd.-1979. Published at The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY from which copies may be obtained.  
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3 lower driving speed is prevented by lower-  put signal from the
converting circuit and ing the driving voltage. On the other hand,  a
non-inverting input connected to receive insufficient current supplied to
the syn-  the output signal of the feedback circuit, 55 chronous motor M
caused by impedance  the differential amplifier, in operation, pro- 5
increase in the windings on account of a  ducing an output signal, the
voltage level higher driving speed of the synchronous  of which is a
function of the difference be- motor is prevented by increasing the driv-
tween the voltage level of the output signal ing voltage.
of the converting circuit and the voltage 60 Synchronous motors may be
damaged,  level of the output signal of the feedback 10  for example, if
they are subjected to ex-  circuit. cessive temperature rise which may
result   3. A converter as claimed in claim 2 in burning out of the
windings, if excessive  comprising a comparison circuit connected electric
current is applied during either  to receive an output signal from a
triangle 65 very low and continuous driving speeds, or  wave generator and
the output signal from 15 very frequent intermittent driving, whilst  the
differential amplifier for producing the very high driving speeds decrease
the electri-  said pulsiform  control signal therefrom. cal current so that
the desired torque can-    4. A converter as claimed in claim 3 in not be
maintained.  These problems are  which the smoothing filter, feedback
circuit, 70 solved with the driving circuit of Figure 3.  differential
amplifier, comparison circuit 20    Further, this driving circuit is
relatively  and switching circuit are connected in a simple in construction
and reduces heat  negative feedback loop. generation because the driving
voltage is   5. A   frequency-to-voltage  converter controlled without any
power loss in the  substantially as herein described with refer- 75 power
amplifier 11 because of the voltage  ence to and as shown in Figure 1 of
the 25 control exercised by the frequency-to-vol-  accompanying drawings.
tage converter 9. Thus the driving circuit   6. A driving circuit for a
motor, com- is subject to less power loss and to less  prising a variable
frequency oscillator for temperature rise.                        producing
an oscillating output signal, an  80 amplifier connected to receive the
output 30    WHAT WE CLAIM  IS: -                   signal from the
oscillator and to drive the 1. A   frequency-to-voltage  converter  motor,
and a frequency-to-voltage conver- comprising: a switching circuit having
an  ter as claimed in any preceding claim and input arranged to be
connected to an elec-  connected to receive the output signal from  85
trical power source; a smoothing filter con-  the oscillator and to supply
an output signal 35  nected to an output of the switching circuit;  to the
amplifier. a frequency-to-voltage converting circuit   7. A driving circuit
as claimed in claim for generating an output signal which has a  6 in which
said amplifier is a power 90 voltage level related to the frequency of an
amplifier. oscillating signal applied to an input there-    8. A driving
circuit as claimed in claim 40  of; and a feedback circuit connected to  6
or 7 in which the motor is a synchronous receive an output signal from the
smooth-  motor. ing circuit, the arrangement being such    9. A driving
circuit as claimed in claim that the switching circuit is controlled by a
6 and substantially as herein described with  95 pulsiform control signal
the width of each  reference to and as shown in Figure 3 of 45  pulse of
which is a function of the difference  the accompanying drawings. between
the voltage level of the output sig- nal of the converting circuit and the
voltage      J. MILLER & CO., level of an output signal of the feedback
Agents for the Applicants, circuit.
Chartered Patent Agents, 50   2. A converter as claimed in claim  1
Lincoln House, including a differential amplifier having an      296-302
High Holborn, inverting input connected to receive the out-      London
WCIV 7JH Printed for Her Majesty's Stationery Office by Burgess & Son
(Abingdon), Ltd.-1979. Published at The Patent Office, 25 Southampton
Buildings, London, WC2A lAY from which copies may be obtained.    


