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voltage-to-frequency  conversion  means for converting the linear voltage
signal to an input This invention relates to integrators for integrat-
frequency signal having a frequency proportional to ing linear voltages,
for example linear voltages   the linear voltage signal; which correspond
directly to a mechanical move-   5    a binary counter connected to the
voltage-to- ment that in turn designates a particular process  frequency
conversion means for counting pulses of parameter such as flow rate.
the input frequency signal; and It is known to employ voltage-to-frequency
scaling means; conversion and totalisation techniques in integra-
characterised in that: tors. A prior integrator, known as the Class Y   10
the binary counter is operative to generate an integrator, supplied by
Bailey Controls Company (a  operating frequency signal and a calibrating
fre- division of The Babcock & Wilcox Company), Wic-    quency signal
having a frequency which is high kliffe, Ohio, USA, consists of mechanical
gears and  relative to that of the operating frequency signal; pivot arms
and uses no electronics. The Bailey         binary rate multiplying means
is connected to Class Y mechanical integrator suffers from various   15
the binary counter for receiving the operating fre- problems such as poor
reliability, poor versatility,  quency signal and for generating a counting
rate large parts inventory due to the fact that many    signal which has
pulses that are at a scaled propor- versions of the integrator have been
provided over  tion of the operating frequency signal, the binary several
years, mechanical wear resulting in inaccu-  rate multiplying means having
said scaling means [err] specialised labour required for assembly, and   20
for changing the proportion; specialised labour required for calibration.
a pulse counter is provided for counting pulses One example of a known
transducer which can     of the counting rate signal and for counting
pulses be used to output a linear voltage signal is the   of the
calibrating frequency signal; and Type WM Recorder supplied by Bailey
Controls           switch means is provided having a first input Company.
This recorder includes a pen and pointer  25  connected to the binary
counter for receiving the which designate a percentage range from 0 to
calibrating frequency signal, a second input con- 100% and can be used to
measure fluid flow as a    nected to the binary rate multiplying means for
process parameter. An integrator can be mechani-   receiving the counting
rate signal, and an output cally coupled to the pointer to provide a
running  connected to the pulse counter, the switch means integration of
the flow quantity over time.    30  being selectively switchable between a
calibration US Patent No. US-A-4 380 757 discloses an       position
connecting said first input to the pulse electronic Integrator for
integrating a linear voltage  counter for incrementing the pulse counter
rapidly, signal over time, the integrator comprising:       and an
operating position connecting said second input means for applying the
linear voltage    input to the pulse counter for incrementing the signal;
35  pulse counter more slowly and at a rate propor- voltage-to-frequency
conversion  means for     tional to the linear voltage signal. converting
the linear voltage signal to an input       The binary rate multiplying
means preferably frequency signal having a frequency proportional to
comprises a plurality of binary rate multipliers linear voltage signal;
which are connected in series, each multiplier be- a binary counter
connected to the voltage-to-  40  ing provided with a binary coded digital
switch for frequency conversion means for counting pulses of  setting a
scaling factor in each multiplier. the input frequency signal; and
A preferred integrator embodying the present scaling means.
invention and described hereinbelow is particularly US Patent No. US-A-4
409 660 discloses an       suited to replace the Bailey Class Y mechanical
electronic integrator in which an input 4 to 20 mA   45  integrator and can
be used, for example, with the current signal is passed through a resistor
to de-  Bailey Type WM  55 Recorder. However, the velop a voltage signal.
The voltage signal is passed  present invention is in no way limited to
this spe- via a virtual ground scanning junction to a voltage-  cific
application. The present invention can be used to-frequency conversion
means. A pulse signal out-  in any situation requiring totalisation
(integration) of putted by the voltage-to-frequency conversion   50   a
rate signal which is linearly related to a mechani- means is passed via an
adjustable binary scaling   cal angular rotation. In addition, integrators
em- circuit to a counter.                              bodying the
invention can be used for integration of According to the present invention
there is     any linear voltage signal. provided an electronic integrator
for integrating a    The preferred embodiment of the present in- linear
voltage signal over time, the integrator com-   55  vention described
hereinbelow avoids problems of prising:
the prior mechanical integrator in that it has high input means for
applying the linear voltage    reliability and versatility, suffers from
virtually no signal;                                            mechanical
wear and requires only relatively un- 
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personnel for assembly and calibration. The  device 30 to be converted
directly into an electrical preferred integrator can be used for an
immediate  representation of that movement, namely the volt- conversion of
a mechanical signal to an electrical  age VIN. The VOLTAGE-TO-FREQUENCY
STAGE signal, resulting in high reliability that is inherent in  comprises
potentiometers R29 and R5, an LM 331 electrical signal processing.
Adjustable scaling al-   5   V/F converter U1, resistors R2, R3, R4, R6,
R7, lows one unit to replace most previous integrators.  R28, part of a
resistor array R8 and capacitors C1, Minimised mechanical parts results in
an extended  C2 and C3, all connected as shown in Figure 1. life
expectancy. Minimal skill and equipment is   The VOLTAGE-TO-FREQUENCY STAGE
receives necessary for field calibration and use of the pre-  the
above-mentioned linear electrical signal (the ferred integrator results
overall in a significant cost  10  voltage VIN) and produces a
corresponding fre- reduction.                                        quency
output four after proper adjustment of the The preferred electronic or
electromechanical  potentiometers R29 (zero adjustment) and R5 integrator
is simple in design, rugged in construc-  (span adjustment). The zero
adjustment permits the tion and economical to manufacture, while at the
variations between individual components of the same time being easily
calibrated and accurate.  15  INPUT STAGE to be compensated for. The
invention will now be further described, by   The zero voltage is the level
at which the V/F way of illustrative and non-limiting example, with  STAGE
produces no output pulses if presented reference to the accompanying
drawings, in which:  with a voltage less than or equal to that of the zero
Figure 1 is a schematic circuit diagram of an  adjustment. The span
adjustment sets the voltage electronic integrator embodying the present in-
20  from the potentiometer R30 to 1220 mV 10 mV. vention; and
This corresponds to the maximum span voltage of Figure 2 is a plan view of
the layout of compo-  the illustrated integrator, but could be any voltage
nents of the circuit shown in Figure 1, showing  within the operating
conditions of the LM 331 V/F the physical appearance of the electronic in-
converter U1 which is used in the VOLTAGE-TO- tegrator.
25  FREQUENCY STAGE. The frequency ouput of the The drawings show a
preferred embodiment of   converter U1 is set by adjusting the
potentiometer the invention which comprises an electronic in-   R5 to
achieve a period of 440 20 microseconds at tegrator which can be
mechanically linked to a    a port (connection) TP3 of a circuit U2 in a
follow- movable arm or linkage or other member of a       ing CALIBRATION
AND SCALING STAGE. The transducer, movement of the arm or linkage or  30
ouput of the circuit U2 (which circuit is a first stage other member being
proportional to a process pa-  binary counter) will, as a result of this
adjustment, rameter to be measured. The electronic integrator  be a
frequency of 1.11 Hz at full scale input from can, for example be connected
to a moving pointer  the INPUT STAGE. of the Bailey Controls Company Type
WM 55            The frequency of 1.11 Hz is measured at a pin Recorder
mentioned above. Such recorders can be   35  1 of the circuit U2 and serves
for establishing a full used for measuring flow rate and the electronic
scale reading of 1.11 Hz for the scaling section of integrator can read the
total flow over time and  the integrator. The value of 1.11 Hz is
significant in thus integrate the flow signal.                  that it
will allow the user to input a decimal scaling A power supply for the
circuit of Figure 1,   factor directly by movement of switches SW2, SW3
comprises a POWER STAGE providing a single  40  and SW4. The calibration
accuracy and time it + 1 2V dc supply V + derived from a 11 7V ac input
takes to calibrate the integrator are both improved 20 applied to a
transformer T1 at terminals 4 and  by using an output having a higher
frequency [err] 5. The ac power is rectified by diodes CR2 and    derived
by the same circuit U2, for a calibration CR3 and then filtered and
regulated by a capacitor  input. C4 and a resistor R27, and an integrated
circuit U7,  45  A pin 13 of the circuit U2 provides the output
respectively. This provides all of the power needed  at the frequency [err]
to an output pulse counter M1 for the circuit or unit.
through a switch SW1, an amplifier comprising An INPUT STAGE of the
integrator comprises    driver transistors Q1 and Q2, a diode CR1 and a
potentiometer R30 which has a shaft thereof, and  resistors R24, R25 and
R26, all connected as an lever 10 on the shaft, mechanically connected to
50  shown, and terminals 2 and 3. This results in a a linear mechanical
motion device 30. The poten-  count rate on the pulse counter M1, which is
an tiometer R30 has two poles thereof connected      electromechanical
counter, of 1066 counts per across positive and negative voltage supply
termi-  minute. This allows for high accuracy calibration nals of the
circuit (shown as V+ and ground). A   within a comparatively short amount
of time com- 



wiper arm of the potentiometer R30 provides an  55  pared to normal count
rate times of the integrator input voltage [err] to a VOLTAGE-TO-FREQUENCY
in service, which may vary from one to 999 counts (V/F) STAGE which
converts voltage to frequency.  per hour as set by the scaling factor. The
switch This allows for mechanical movement of the motion  SW1 is a
double-throw, double-pole, centre OFF 3    5                 EP 0 239 267
B1                     6 switch which either disables power to the CALl-
As shown in Figure 2, the counter M1 has a BRATION AND SCALING STAGE while
input V/F          numeric display for visually displaying a number
adjustments are being made, or is used to put the  corresponding to the
integrated linear voltage sig- integrator in operate (OPER) or calibrate
(CALIB)  nal VIN. Figure 2 also shows the shaft and arm 10 positions. The
calibrate (calibration) position allows   5   of the potentiometer R30
which can be mechani- the scaling section to be by-passed and the faster
cally linked to the movable member of a transducer rate ouput at the
frequency [err] from the pin 13 of  such as the pointer of the flow
recorder mentioned the circuit U2 to be applied to the output pulse
above. Figure 2 also shows the relative positions of counter M1 as
described above. Placing the switch  the various elements shown in the
circuit of Figure SW1 in the operate (operating) position will allow   10
1. the counter M1 to receive pulses from the scaling      A particularly
important feature of the present section of the integrator. This section
allows an  integrator is the CALIBRATION AND SCALING easy method of scaling
an input to read appro-     STAGE shown in Figure 1. The INPUT STAGE
priately on the counter M1 of the integrator.      may provide any
transduced signal with a linear Rather than a complex set of changeable  15
voltage output and is not limited to a potentiometer cams, as employed in
the prior mechanical integra-  per se. The VOLTAGE-TO-FREQUENCY STAGE is
tor, the present integrator uses binary coded deci-  conventional and can
be replaced by an equivalent mal (BCD) switches, namely the switches SW2,
circuit capable of converting a linear voltage into a SW3 and SW4, to
directly input the scaling factor.  frequency signal with a frequency
proportional to [err] of the switches SW2, SW3 and SW4 is  20  the linear
voltage. By using the calibration and connected to a circuit U3, U4 and U5,
respectively,  scaling circuitry of the present integrator, all analog the
junctions between respective switch elements   parameters except for the
input signal remains of each switch and the associated circuit being
static after initial calibration. This means that the connected to ground
via respective parts of the    output (counting rate) signal four at full
scale re- resistor array R8 and of a resistor array R9 in the   25   mains
constant regardless of the scale selection manner shown in Figure 1. The
circuits U3, U4 and  effected by using the switches SW2, SW3 and U5 are
connected in series. Each of the circuits U3,  SW4. Any calibration method
which deviates four U4 and U5 is a 4527 binary rate multiplier.        can
be shown to introduce analog error beyond Entry of a number by the user by
means of the  that of the present circuit. switches SW2, SW3 and SW4, in
such a manner  30        Because the counting rate signal four at full that
the setting of the switch SW2 represents hun-  scale is static, it is
possible to optimise the count- dreds of units, the setting of the switch
SW3 repre-  ing rate signal with respect to accuracy, linearity sents tens
of units and the setting of the switch  and calibration criteria. SW4
represents units, provides for a scale selec-      Digital scaling results
in an overall accuracy tion between one and 999. This is to represent the
35   which is independent of scale, and the ability to maximum number of
units per hour of the integra-   change scales without the need for
recalibration. tor for a fuli scale input. The switches SW2, SW3      The
full scale frequency of the integrator may and SW4 allow the user to enter
a decimal number,  be calibrated to within 0.1% of full scale using only
[err] the number is converted by the switches to a     a time reference
with an accuracy and resolution BCD format for the binary rate multipliers
U3, U4   40  typical of a common electronic wristwatch including and U5.
The binary rate multipliers U3, U4 and U5  a quartz timer with 0.1 second
resolution or better. are arranged so that the output of the circuit U2 (as
This last advantage is achieved by making the calibrated above) is applied
as an input to the    counting rate signal [err] significantly larger than
a multiplier U3. Then, an output of the multiplier U3  typical calibration
interval (e.g. perhaps 1 to 5 is presented to the multiplier U4 in
proportion to  45   minutes). The overriding source of error thus be- the
setting of the switch SW2. An output of the    comes the uncertainty in the
interval itself. multiplier U3 goes into the multiplier U4 and is       All
of the advantages set forth above are proportionately scaled by the setting
of the switch  achieved through the use of the circuitry shown in SW3.
Lastly, the switch SW4 scales the output      Figure 1. The double-throw
switch SW1 is used for from the multiplier U4 as it is counted through the
50  calibration. This makes the design very cost effi- 



multiplier U5. The result is a scaled output of a  cient, yet still
versatile. The integrator can be cali- frequency which is finally divided
by four by a    brated utilising a common wristwatch, which en- binary
counter U6 before being presented to the   hances its value for use in
field applications. In pulse counter M1 through the switch SW1 in its
other words, when the switch SW1 is switched over operate (OPER) position.
55  to its calibrate (CALIB) position, the high frequency Pin 4 of each of
the multipliers U3, U4 and U5  signal [err] is applied to the pulse counter
Ml, is connected to the junction of a network compris-  changing the
numerical display of the counter rap- ing a capacitor C5 and part of the
resistor array R8.  idly. Calibration is achieved by observing the count 4
7                 EP 0 239 267 B1                     8 of the counter and
checking the time it takes to    number indicated in the display of the
counter M1 reach that count. Adjustment can be made using     is noted. The
15 seconds can be verified by using the zero set and scale set
potentiometers R29 and  a quartz watch with a sweeping second hand. After
R5 in the VOLTAGE-TO-FREQUENCY STAGE.               15 seconds, the switch
SW1 is returned to its The INPUT STAGE may be any transducer or   5
neutral or OFF position. With the switch SW1 in the structure which
generates a useful linear voltage  calibrate position, the counter operates
at high fre- signal. Any voltage-to-frequency converter can re-  quency
using the signal [err] from the counter U2. place the one shown and the
signal [err] can be         The count now appearing on the counter M1 is
optimised for the particular converter used.       then recorded and
subtracted from the previous The circuits U2 to U6 are digital counters and
10  reading to give the count rate for the 15 second can be represented in
general by the transfer func-  period. If the count rate is less than 133,
the span tions:                                             or range
potentiometer R5 is rotated clockwise to increase the counting speed. If
the rate is more four = n/m(four)                                   than
133, the potentiometer R5 is turned anticlock- 15  wise to decrease the
speed. where n and m are integers and m is greater than       For a course
adjustment, the foregoing steps or equal to n; and
are repeated until a 15 second count of 133 [err] 1 is achieved. fCAL =
[err]                                         For a finer adjustment, a
longer period can be 20  taken. For example, a count of 533 [err] 1 should
where k is an integer and is useful in the case    result if the switch SW1
is placed in the calibrate where k is much greater than n/m for the purpose
position for 60 seconds. of calibration.
As noted above, the scale is selected by man- The connection (port) TP3 and
further connec-   ipulating the switches SW2, SW3 and SW4, each tions TP1,
TP2 and TP4 shown in Figure 1 are  25  being in the BCD format so that each
can be used during installation of the integrator to help  switched for
providing a number from 0 to 9, and make initial settings for an initial
calibration of the  thus from 100 to 900 for the muliplier U3, from 10
integrator to suit a particular transducer. For exam-  to 90 for the
multiplier U4 and from 1 to 9 for the pie, when using the integrator with
the Type WM55  multiplier U5. Recorder, a voltmeter having an accuracy of
0.1mV   30 is connected to the connections TP1 (positive ter-  Claims
minal) and TP4 (negative terminal). The INPUT STAGE potentiometer R30 is
then turned until a      1. An electronic integrator for integrating a
linear reading of 200mV  50mV is reached. This proce-        voltage signal
over time, the integrator corn- dure is followed with the calibration
switch SW1 in  35  prising: its OFF or neutral position. Power is thus
removed        input means (30) for applying the linear from all circuitry
except for the input and zero       voltage signal [err] potentiometers R29
and R30. This sets an initial           voltage-to-frequency  conversion
means position for the lever 10 which can then be secured     (U1) for
converting the linear voltage signal to the shaft of the potentiometer R30.
The negative   40  (VIN) to an input frequency signal having a voltmeter
probe can then be moved from the con-        frequency (four) proportional
to the linear volt- nection TP4 to the connection TP2. In this position,
age signal [err] the potentiometer R29 is rotated until a reading of
a binary counter (U2) connected to the -3mV [err] 1mV is read on the
voltmeter.                   voltage-to-frequency conversion means (Ul)
Inputs of 50%  and 100%  are then applied   45      for counting pulses of
the input frequency sig- artificially by rotating the lever 10 and the
voltage  nal; and 



measurements are recorded. If the voltage span             scaling means;
from 0 to 50% is less than the voltage span from           characterised in
that: 50 to 100% by more than 10mV, an adjustment                the binary
counter (U2) is operative to gen- must be made in the linkage between the
lever arm   50  erate an operating frequency signal and a cali- 10 and the
pointer of the recorder (not shown).        brating frequency signal having
a frequency Similar adjustments are necessary if the span from     [err]
which is high relative to that of the op- 0 to 50% is greater than the span
from 50 to 100%      erating frequency signal; by more than 1 0mV.
binary rate multiplying means (U3-U6, To calibrate the integrator once the
lever arm   55  SW2-SW4) is connected to the binary counter 10 and the
potentiometer R29 have been set as          (U2) for receiving the
operating frequency sig- noted above, the switch SW1 is switched to its
nal and for generating a counting rate signal calibrate position for 15
seconds. Beforehand, the     which has pulses that are at a scaled propor-
7                 EP0239267B1                        8 of the counter and
checking the time it takes to   number indicated in the display of the
counter M1 reach that count. Adjustment can be made using    is noted. The
15 seconds can be verified by using the zero set and scale set
potentiometers R29 and  a quartz watch with a sweeping second hand. After
R5 in the VOLTAGE-TO-FREQUENCY STAGE.              15 seconds, the switch
SW1 is returned to its The INPUT STAGE may be any transducer or   5
neutral or OFF position. With the switch SW1 in the structure which
generates a useful linear voltage  calibrate position, the counter operates
at high fre- signal. Any voltage-to-frequency converter can re-  quency
using the signal [err] from the counter U2. place the one shown and the
signal four can be        The count now appearing on the counter M1 is
optimised for the particular converter used.       then recorded and
subtracted from the previous The circuits U2 to U6 are digital counters and
10  reading to give the count rate for the 15 second can be represented in
general by the transfer func-  period. If the count rate is less than 133,
the span tions:                                             or range
potentiometer R5 is rotated clockwise to increase the counting speed. If
the rate is more four = n/m(four)                                  than
133, the potentiometer R5 is turned anticlock- 15   wise to decrease the
speed. where n and m are integers and m is greater than      For a course
adjustment, the foregoing steps or equal to n; and
are repeated until a 15 second count of 133 [err] 1 is achieved. [err] =
k(four)                                        For a finer adjustment, a
longer period can be 20  taken. For example, a count of 533  1 should where
k is an integer and is useful in the case   result if the switch SW1 is
placed in the calibrate where k is much greater than n/m for the purpose
position for 60 seconds. of calibration.
As noted above, the scale is selected by man- The connection (port) TP3 and
further connec-  ipulating the switches SW2, SW3 and SW4, each tions TP1,
TP2 and TP4 shown in Figure 1 are  25  being in the BCD format so that each
can be used during installation of the integrator to help  switched for
providing a number from 0 to 9, and make initial settings for an initial
calibration of the  thus from 100 to 900 for the muliplier U3, from 10
integrator to suit a particular transducer. For exam-  to 90 for the
multiplier U4 and from 1 to 9 for the ple, when using the integrator with
the Type WM55  multiplier U5. Recorder, a voltmeter having an accuracy of
0.1 mV   30 is connected to the connections TP1 (positive ter-  Claims
minal) and TP4 (negative terminal). The INPUT STAGE potentiometer R30 is
then turned until a     1. An electronic integrator for integrating a
linear reading of 200mV  50mV is reached. This proce-       voltage signal
over time, the integrator com- dure is followed with the calibration switch
SW1 in  35  prising: its OFF or neutral position. Power is thus removed
input means (30) for applying the linear from all circuitry except for the
input and zero      voltage signal [err] potentiometers R29 and R30. This
sets an initial          voltage-to-frequency  conversion  means position
for the lever 10 which can then be secured   (U1) for converting the linear
voltage signal to the shaft of the potentiometer R30. The negative   40
[err] to an input frequency signal having a voltmeter probe can then be
moved from the con-       frequency [err] proportional to the linear volt-
nection TP4 to the connection TP2. In this position,  age signal [err] the
potentiometer R29 is rotated until a reading of       a binary counter (U2)
connected to the 



-3mV  1 mV is read on the voltmeter.                 voltage-to-frequency
conversion means (U1) Inputs of 50%  and 100%  are then applied   45
for counting pulses of the input frequency sig- artificially by rotating
the lever 10 and the voltage  nal; and measurements are recorded. If the
voltage span            scaling means; from 0 to 50% is less than the
voltage span from          characterised in that: 50 to 100% by more than
l0mV, an adjustment               the binary counter (U2) is operative to
gen- must be made in the linkage between the lever arm   50  erate an
operating frequency signal and a cali- 10 and the pointer of the recorder
(not shown).       brating frequency signal having a frequency Similar
adjustments are necessary if the span from    [err] which is high relative
to that of the op- 0 to 50% is greater than the span from 50 to 100%
erating frequency signal; by more than 10mV.
binary rate multiplying means (U3-U6, To calibrate the integrator once the
lever arm   55  SW2-SW4) is connected to the binary counter 10 and the
potentiometer R29 have been set as         (U2) for receiving the operating
frequency sig- noted above, the switch SW1 is switched to its        nal
and for generating a counting rate signal calibrate position for 15
seconds. Beforehand, the    which has pulses that are at a scaled propor- 5
9                 EP0239267 B1                       10 tion of the
operating frequency signal, the bi-    in the series and said second input
of the nary rate multiplying means having said scal-      switch means
(SW1), and a binary coded digi- ing means (SW2-SW4) for changing said pro-
tal switch (SW2-SW4) connected to each of portion;
the multipliers (U3-U5) for setting a value in a pulse counter (M1) is
provided for count-   5  each multiplier to scale the counting rate sig-
ing pulses of the counting rate signal and for     nal. counting pulses of
the calibrating frequency signal; and
6. An integrator according to claim 5, wherein the switch means (SW1) is
provided having a         pulse counter (M1) includes amplifying means
first input connected to the binary counter (U2)  10  (Q1, Q2) connected to
said output of the for receiving the calibrating frequency signal, a
switch means (SW1) for amplifying the count- second input connected to the
binary rate mul-     ing rate signal and the calibrating frequency tiplying
means (U3-U6, SW2-SW4) for receiv-        signal, the amplifying means
having a power ing the counting rate signal, and an output        input
connected to said additional output of the connected to the pulse counter
(M1), the   15      double-pole double-throw switch (SW1). switch means
(SW1) being selectively switcha- ble between a calibration position
connecting   7. An integrator according to any one of claims 1 said first
input to the pulse counter (M1) for     to 4, wherein the binary rate
multiplying means incrementing the pulse counter rapidly, and an
(U3-U6, SW2-SW4) comprises a plurality of operating position connecting
said second in-  20  binary rate multipliers (U3-U5) connected in put to
the pulse counter (M1) for incrementing     series, a first one (U3) of the
multipliers (U3- the pulse counter more slowly and at a rate         U5) in
the series being connected to the digital proportional to the linear
voltage signal [err]   counter (U2) for receiving the operating fre- quency
signal, a binary counter (U6) connect- 2. An integrator according to claim
1, wherein the   25  ed between an output of a last one (U5) of the pulse
counter (M1) has a numeric display for       multipliers (U3-U5) in the
series and said sec- displaying the count of the pulse counter, the     ond
input of the switch means (SW1), and a numeric display changing more
rapidly when         binary digital switch (SW2-SW4) connected to the
switch means (SW1) is in its calibration       each of the multipliers
(U3-U5) for setting a position than when the switch means is in its  30
value in each multiplier to scale the counting operating position.
rate signal. 3. An integrator according to claim 1 and claim 2,
Patentansprlche wherein the switch means (SW1) comprises a double-throw
switch having a neutral off posi-  35  1. Elektronischer Integrator zum
Integrieren eines tion in which neither of said first and second
linearon Spannungssignales Ober der Zeit, wo- inputs is connected to said
output.                bei der Integrator aufweist: eine Eingabeeinrichtung
(30), um das Ii- An integrator according to claim 3, wherein the    neare
Spannungssignal (VIN) anzulegen, double-throw  switch  (SW1) comprises  a
40          eine Spannungs-/Frequenz-Wandlungsein- 



double-pole double-throw switch having addi-       richtung (Ul) zum
Umwandeln des linearen tional inputs and an additional output, a power
Spannungssignals (VIN) in ein Eingangsfre- supply (T1 etc.) is connected to
said additional   quenzsignal, welches eine Frequenz (four) hat, inputs,
said additional output is connected to     die zu dem  linearen
Spannungssignal (VIN) the pulse counter (M1) for powering the pulse   45
proportional ist, counter, and the switch (SW1) is so arranged
einen  Binarzghler (U2), der mit der that, in its off position, it will
supply no power  Spannungs-/Frequenz-Wandlungseinrichtung to the pulse
counter (M1).                         (Ul) verbunden ist, um die Impulse
des Ein- gangsfrequenzsignales zu zghlen, und 5. An integrator according to
claim 4, wherein the   50   eine Skaliereinrichtung, binary rate
multiplying means (U3-U6, SW2-             dadurch gekennzeichnet, daB SW4)
comprises a plurality of binary rate mul-         der Bingrzahler (U2) so
betreibbar ist, daB tipliers (U3-U5) connected in series, a first one  er
ein Betriebsfrequenzsignal und ein Eichfre- (U3) of the multipliers (U3-U5)
in the series      quenzsignal erzeugt, welches eine Frequenz being
connected to the digital counter (U2) for  55  (fcAL) hat, die groB ist im
Vergleich zu der des receiving the operating frequency signal, a bi-
Betriebsfrequenzsignales, nary counter (U6) connected between an out-
eine Binarraten-Multipliziereinrichtung (U3- put of a last one (U5) of the
multipliers (U3-U5)  U6, SW2-SW4) mit dem Bindrz~hler (U2) ver- 6
1    11                EP 0 239 267 B1                     12 bunden ist,
urn das Betriebsfrequenzsignal zu       fthrt. empfangen und urn ein
Zahiratensignal. zu er- zeugen, das in einem skalierten Verhaltnis zu   5.
Integrator  nach  Anspruch  4, wobei die dem  Betriebsfrequenzsignal steht,
wobei die        Binarraten-Multipliziereinrichtung  (U3-U6,
Binirraten-Multipliziereinrichtung  die Skalier-   5  SW2-SW4) eine
Mehrzahl von Binarraten-Mul- einrichtung (SW2-SW4) fOr das Andern dieses
tiplizierern (U3-U5) aufweist, die in Reihe ge- Verhaltnisses hat,
schaltet sind'  wobei ein erster (U3) der Multi- ein Pulszahler (Ml)
vorgesehen ist fOr das      plizierer (U3-1J5) in der Reihe mit dem digita-
Zahlen von Impulsen des Z0hIratensignales          len Zahler (U2) filr den
Empfang des Betriebs- und zum Zahlen von Impulsen des Eichfre-  10
frequenzsignales verbunden ist, ein Binarzah- quenzsignals, und
ler (U6) zwischen einem Ausgang zumindest eine Umschalteinrichtung (SW1)
vorgese-         eines (U5) der Multiplizierer (U3-U5) in die hen ist, die
einen ersten Eingang hat, welcher     Reihe geschaltet ist und daB der
zweite Ein- mit dem Binarzahler (U2) verbunden ist, um         gang der
Umschalteinrichtung (SW1) sowie ein das Eichfrequenzsignal zu empfangen,
wah-  15      binar codierter Digitalschalter (SW2-SW4) fOr rend ein
zweiter Eingang mit der Binarraten-       jeden der Multiplizierer (U3-U5)
angeschlossen Multipliziereinrichtung (U3-U6, SW2-SW4) ver-      ist, um in
jedem Multiplizierer einen Wert so bunden ist, um das ZAhlratensignal zu
empfan-      einzustellen, daB er mit der Skala des ZAhIra- gen, und deren
Ausgang mit dem Impulszahler        tensignales im Maistab zusammenpa~t,
bzw. (Ml) verbunden ist, wobei die Schalteinrich-  20   das ZAhIratensignal
skaliert ist. tung (SW1) wahlweise umschaltbar ist zwi- schen einer
Eichstellung, welche den ersten     6. Integrator nach Anspruch 5, wobei
der Impuls- Eingang mit dem Impulszahler (Ml) verbindet,       zahler (Ml)
eine Verstarkungseinrichtung (Q1, um den Impulszahler schnell
heraufzusetzen,        Q2) aufweist, welche mit dem Ausgang der und einer
Betriebsposition, in weicher der  25      Umschalteinrichtung (SW1i)
verbunden ist, um zweite Eingang mit dem  Impulszahler (Ml)           das
ZghIratensignal und das Eichfrequenzsi- verbunden ist, um den Impulszahler
langsamer       gnal zu verstfrken, wobei die Verstarkungsein- und mit
einer Geschwindigkeit ansteigen zu         richtung einen Leistungseingang
hat, der mit lasson, die proportional zu dem linearen Span-     dem
zusatzlichen Ausgang des zweipoligen nungssignal (VIN) ist.
30      Zweiwegeschalters (SWI) verbunden ist. 2. Integrator nach Anspruch
1, wobei der Impuls-   7. Integrator nach einem der Anspriche 1 bis 4,
zahier (Ml) eine numerische Anzeige fur das        wobel  die
Binarraten-Multipliziereinrichtung Anzeigen der Zahlung des Impulszahlers
hat,        (U3-U6,  SW2-SW4) .eine  Mehrzahl von wobei die numerische
Anzeige sich schneller  35     Binarraten-Multiplizierern (U3-U5) aufweist,
die andert, wenn die Umschalteinrichtung (SWI)         in Reihe geschaltet
sind, wobei ein erster (U3) sich in ihrer Eichposition befindet, als dann,
der Multiplizierer (U3-U5) in die Reihe mit dem 



wenn die Umschalteinrichtung sich in ihrer Be-      Digitalzahler (U2)
geschaltet ist, um das Be- _,    triebsstellung befindet.
triebsfrequenzsignal zu empfangen, ein Binar- 40      zahier (U6) zwischen
einen Ausgang zumin- 3. Integrator nach Anspruch 1 und Anspruch 2,
dest eines (U5) der Multiplizierer (U3-U5) in wobei die Umschalteinrichtung
(SW1) einen          der Reihe und den zweiten Eingang der Urn-
Zweiwegeumschalter aufweist, der eine neutra-      schalteinrichtung (SWl)
geschaltet ist, und wo- le Aus-Position hat, in weicher weder der erste
be! ein binarer Digitalschalter (SW2-SW4) mit noch der zweite Eingang mit
dem Ausgang   45       jedem der Multiplizierer (U3-U5) verbunden ist,
verbunden ist.                                      um in jedem
Multiplizierer einen Wert so ein- zustellen, daS er skalenmalBig mit dem
ZAhIra- 4. Integrator nach Anspruch 3, wobei der Zweiwe-       tensignal
zusammenpaBt bzw. das ZAhlratensi- geumschalter (SWi) eonen zweipoligen
Zwei-          gnal skaliert ist. wegeumschalter enthalt, der zusatzliche
Ein-  50 gange und einen zusatzlichen Ausgang hat,       Revendications
wobei eine Energieversorgung (Ti etc.) mit den zusatzlichen Eingangen
verbunden ist, der   1. Integrateur electronique pour integrer un signal
zusgtzliche Ausgang mit dem  Impulszahler           de tension lineaire par
rapport au temps, M'int6- (Ml) verbunden ist, um den Impulszahler mit  55
grateur comprenant: Energie zu versorgen, und der Schalter (SW1)
un moyen d'entree (30) pour appliquer le so angeordnet ist, daB er in
seiner Aus-Posi-      signal de tension lineaire (VIN); tion dem
Impulszahler (Ml) keine Energie zu-           un moyen de conversion de
tension en 7. * c   L   n   s *    13                EP 0 239 267 B1
14 frequence (Ul) pour convertir le signal de ten-  3  Int6grateur selon la
revendication 1 ou la re- sion Iin6aire (VIN) en un signal de fr6quence
vendication 2, dans lequel le moyen commuta- d'entr6e ayant une fr6quence
(four) proportion-   teur (SW1) comprond un commutateur inver- nelle au
signal de tension lin6aire (VIN);        seur ayant une position neutre en
I'air dans un compteur binaire (U2) connecte au   5       laquelle ni l'une
ni l'autre desdites premiere et moyen de conversion de tension en fr6quence
seconde entr6es n'est relide a ladite sortie. (Ul) pour compter les
impulsions du signal de frequence d'entr6e ; et,                       4.
Integrateur selon la revendication 3, dans le- un moyen de mise a
l'echelle;                  quel le commutateur inverseur (SW1) est
caract6ris6 en ce que:                10       constitu6 d'un commutateur a
deux contacts le compteur binaire (U2) sert a produire un    inverseurs
ayant des entr6es suppl6mentaires signal de fr6quence de miss en oeuvre et
un       et une sortie supplementaire, dans lequel une signal de frequence
d'dtalonnage ayant une        alimentation en courant (T1, etc.) est reli6e
frequence (fCAL) qui est 6lev6e par rapport a     auxdites entr6es
suppl6mentaires, dans lequel celle du signal de fr6quence de mise en oeu-
is  ladite sortie suppl6mentaire est reli6e au vre;
compteur d'impulsions (MI) pour alimenter en un moyen de multiplication de
cadence          energie le compteur d'impulsions, et dans le- binaire (U3
a U6, SW2 a SW4) est connect6         quel le commutateur (SW1) est agenc6
de tells au compteur binaire (U2) pour recevoir le si-     fagon que, dans
sa position coup6e il ne d6li- gnal de fr6quence de mise en oeuvre et pour
20   vre aucun courant au compteur d'impulsions produire un signal de
cadence de comptage         (Ml). qui a des impulsions qui sont en
proportion du signal de fr6quence de miss en oeuvre, le      5. Integrateur
selon la revendication 4, dans le- moyen de multiplication de cadence
binaire        quel le moyen multiplicateur a cadence binaire comportant
ledit moyen de mise & I'echelle  25    (U3 a U6, SW2 a SW4) comprend une
pluralit6 (SW2 a SW4) pour modifier ladite proportion;      de multiplieurs
a cadence binaire (U3 a U5) - un compteur d'impulsions (MI) est pr6vu
connect6s en s6rie, un premier (U3) des multi- pour compter les impulsions
du signal de ca-      plieurs (U3 a U5) en s6rie 6tant connecte au dence de
comptage et pour compter les impul-      compteur num6rique (U2) pour
recevoir le si- sions du signal de frequence d'6talonnage ; et,  30  gnal
de fr6quence de miss en oeuvre, un un moyen de commutation (SW1) est pr6-
compteur binaire (U6) 6tant connect6 entre vu, ayant une premiere entr6e
reli6e au comp-     une sortie d'au moins l'un (U5) des multiplieurs 



teur binaire (U2) pour recevoir le signal de      (U3 & U5) en serie et
ladite seconde entr6e du fr6quence d'etalonnage, une seconde entr6e
moyen commutateur (SWI), et un commuta- reliee au moyen de multiplication
de cadence   35  teur num6rique code binaire (SW2 a SW4) binaire {U3 a U6,
SW2 & SW4) pour recevoir le     6tant connect6 a chacun des multiplieurs
(U3 signal de cadence de comptage, et une sortie      a U5) pour r6gler une
valeur dans chaque reliee au compteur d'impulsions (Ml), le
multiplieur pour mettre a l'6chelle le signal de moyen de commutation (SW1)
6tant commuta-         rapport de comptage. ble entre une position
d'etalonnage, reliant la-  40 dite premiere entr6e au compteur d'impulsions
6. Integrateur selon la revendication 5, dans le- (Ml), pour incr6menter
rapidement le comp-        quel le compteur d'impulsions (Ml) comprend teur
d'impulsions, et une position de mise en     un moyen amplificateur (Q1,
Q2) connecte a oeuvre, reliant ladite seconde entr6e au comp-    ladite
sortie du moyen commutateur (SW1) teur d' impulsions (Ml), pour incr6menter
le  45  pour amplifier le signal de rapport de compta- compteur
d'impulsions plus lentement et a une     ge et le signal de fr6quence
d'6talonnage, le cadence proportionnelle au signal de tension      moyen
amplificateur ayant une entrde de cou- lin6aire (VIN).
rant connect6e a ladite sortie supplementaire du commutateur a deux
contacts inverseurs 2. Integrateur selon la revendication 1, dans le-  50
(SW1). quel le compteur d'impulsions (Ml) possede un affichage numerique
pour afficher le comp-  7. Int6grateur selon l'une quelconque des reven-
tage du compteur d'impulsions, I'affichage nu-    dications 1 A 4, dans
lequel le moyen multipli- merique changeant plus rapidement lorsque le
cateur a cadence binaire (U3 A U6, SW2 a moyen commutateur (SWI) est dans
sa posi-  55     SW4) comprend une pluralit6 de multiplieurs a tion
d'etalonnage que lorsque le moyen corn-      cadence binaire (U3 a U5)
connect6s en s6rie, mutateur est dans sa position de mise en          un
premier (U3) des multiplieurs (U3 a U5) en oeuvre.
serie 6tant connect6 au compteur num6rique 8
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16 (U2) pour recevoir le signal de fr6quence de mise en oeuvre, un compteur
binaire (UP) 6tant connecte entre une sortie d'au moins l'un (U5) des
multiplieurs (U3 a U5) en s6rie et ladite seconde' entree  du  moyen
commutateur   5 (SWI), et un commutateur num6rique binaire (SW2 & SW4)
etant connect4 A chacun des multiplieurs (U3 a U5) pour r6gler une valeur
dans chaque multiplieur pour mettre a I'echelle le signal de rapport de
comptage.           10 i5 20 25 30 35 40 45 50 55    


