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stract:

The invention relates to a method for measuring the volume of flowing substances, in particular fuel, by means of a screw
spindle volumeter, comprising the following steps: detection of the rotatin of a screw spindle by means of a sensor and
production of impulses, the temporal sequence of which Is representative of the angular speed of the screw spindle; repeated

measuring of tr
value that Is p

e time Interval between succcessive impulses; depending on the measured time interval, selection of a volumr
redetermined for the corresponding time interval, whereby the volume value Is representative of the volurr

flowing through the volumeter, at the corresponding angular speed of the spindle, per determined angle of rotation of tr
spindle, addition of the volume values selected successively for different time interval measurements, and establishing and,
preferably, display of a total volume value, based on the sum obtained by continuous addition of the volume values during the
entire measuring of volume.
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(587) Abstract

The invention relates to a method for mea-
suring the volume of flowing substances, in partic-
ular fuel, by means of a screw spindle volumeter,
comprising the following steps: detection of the ro-
tatin of a screw spindle by means of a sensor and
production of impulses, the temporal sequence of
| which is representative of the angular speed of the
screw spindle; repeated measuring of the time inter-
val between succcessive impulses; depending on the
measured time interval, selection of a volume value
that is predetermined for the corresponding time in-
terval, whereby the volume value is representative
of the volume flowing through the volumeter, at the
corresponding angular speed of the spindle, per de-
termined angle of rotation of the spindle, addition of
| the volume values selected successively for different

time interval measurements, and establishing and,
preferably, display of a total volume value, based
on the sum obtained by continuous addition of the
volume values during the entire measuring of volume.
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Hans Ulrach Bless

DEVICE FOR M

IR IN [HE VOLUME OF FILOWING SUBSTA
AND CORRESPONDING METHOD

.

The present invention refers to an apparatus for measuring
the volume of flowing media as well as to a corresponding method
and, in particular, it refers to an apparatus for measuring the
volume of fuel in gasoline pumps of motor vehicle filling
stations.

A known type of apparatus for such volume measurements
comprises a housing including at least two partially merging -
longitudinal bores, the axes of which are parallel, in which
multiple-thread, interengaging screw spindles are supported in a
freely rotatable manner. Said apparatus further comprising at
least one sensor by means of which the number of revolutions of
2t least one of the spindles is detected. Examples of such
apparatuses are known from EP 0 572 621 Bi, DE 185 13 781 Al, DE
44 23 461 as well as from DE 42 08 865 Al.

One problem arising in connection with screw spindle
volumeters is that, taking as a basis the number of spindle
revolutions detected by the sensor in the course of a fuelling
process, it is not possible to draw exact conclusions with regard
to the actually tanked fuel volume. This 1€ egpecially due to
the fact that, when the flow of fuel increaseg Or decreases at
the beginning or at the end of a fuelling process, the amount of

fuel flowing through the volumeter is larger than the actual
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amount detected on the basis of the respective number of spindle

revolutions. The cause of this behavior is a production-
dependent, non-avoidable gap between the spindles and the walls
of the longitudinal bores so that parts of the tanked fuel volume
can passe through the volumeter without causing a spindle
revolution that corresponds to these volume fractions.

On the basis of Fig. 2, the resultant effect on the accuracy
of the volume measurement is shown in a graphical representation.

Over the abscissa of the diagram.éhown, the amount of fuel
flowing through the volumeter 1s shown in the unit l/min. Along
the ordinate, the error is plotted in percent, which originates
from the deviation of the actually tanked fuel amount from the
measured fuel amount. At the zero passage of curve K (point I),
a condition has been reached where the measured fuel volume
corresponds to the actually tanked fuel volume. At the beginning
of the fuelling process, i.e. in a region on the left-hand side
of the zero passage (point I), a negative error is caused, said
negative error expressing the magnitude of the amount of tanked
fuel that could not be detected by the sensor although it flowed
through the volumeter. At very high flow velocities, 1.e. from
point III onwards, for example, the measurement takes place with
an approximately constant small positive error, i.e. the amount
of fuel measured is only slightly larger than the amount that

actually flowed through the volumeter. Between points I and III,
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an increase in the positive error appears, the excessive amount
.displayed.per volume unit tanked reaching its maximum at poilnt
11,
In order to cope with this situation, it has been suggested
5 in EP O 572 621 Bl that the pulses provided by the sensor should
be changed in frequency during the fuelling process in a pulse
shaper stage in dependence upon the Ilow velocity of the fuel,
i . e. in dependence upon the location on the abscissa of Fig. 2,
go as to achieve a linearizationbeforé the pulses reach the
10 sctual counter by means of which a total count is ascertained,
said total count being converted into a tanked (measured) fuel
volume via a fixed relation. It follows that, according to the
teaching of EP 0 572 €621 Bl, pulses supplied by the sensor are
still counted, although these pulses are changed on their- way to

15 rhe counter within the pulse shaper stage so as to achieve the

above mentioned linearization.

Starting from the hitherto knowi means for measuring the
volume of flowing media, it is the object of the present
invention to provide a sultable apparatus asS well as a method by

20 means of which the linearization required due to the dependence

of the measurement error cn the flow velocity is achieved in a

precise and simple manner.

This object is, on the one hand, achieved by an apparatus

fcr'measuring the volume of flowing media, preferably of fuel,
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comprising a housing including at least two partially merging
longitudinal bores, the axes of which are parallel and in which
preferably multiple-thread, interengaging screw spindies'are
supported in a freely rotatable manner. At least one sensor
means which responds to the revolutions of one of sald screw
spindles and provides pulses whose time sequence represents the

instantaneous angular speed of the spindle is disposed in the
unit. The apparatus additionally comprises means for measuring
intervals between the pulses supplied by the sensor means.

A means is included for storing an empirically determined
correlation between the flow velocity of the medium flowing

through the apparatus and a pulse generation caused in the sensor

means by the flow of medium.

A means is also included for providing different wvolume
values, in each case on the basis of the pulse interval measured
by the pulse interval measuring means and on the basie of the
correlation between flow velocity and pulse generation stored 1in
the storage means, the volume value provided being a measure of

the volume flowing through the apparatus between successive

pulses.

An additional means is further included for adding the
values successively provided by the providing means so as to
obtain a total volume value which is the decisive value for the

volume measurement.
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A method of meaguring the volume of flowing media,

especially of £fuel, by means cf a screw spindle volumeter, the

method comprising the following steps:

detecting the revolutions of a screw spindle by means of a

sensor and producing pulses whose time sequence is representative

of the angular speed of the screw spindle;

repeatedly measuring the period of time between succesgslve

pulses;

selecting, in dependence upon the respective period of time
measured, a volume value predetermined for said period of time,
said volume value being representative of the volume flowing

through the volumeter per predetermined revolution angle at the

respective angular speed of the spindle; and

adding the volume values which have succesgsively been

selected for variocus time period measurements, and producing and

preferably displaying a total volume value that is based on the

sum obtained during the whole volume measurement by continuously

adding the volume values.

In the following, preferred embodiments of the present
invention are explained in detail making reference to the

individual drawings enclosed, in which:

Fig. 1 shows a longitudinal gection through a preferred

embodiment of the mechanical part of the apparatus according toO

the present invention;
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Fig. 2 shows a diagram for explaining the error occurring in
the case of spindle volumeters;

Fig. 3 shows time diagrams for explaining a preferred
meagurement method;

Fig. 4 shows a further diagram for explaining the principle
of the measurement method according to the present invention;

Fig. 5 shows a schematic block diagram of a circuit used for

carrying out the measurement method; and

Fig. 6 shows a longitudinal section through an embodiment of
rhe volumeter according to the present invention for explaining
additional features according to the present invention.

Corresponding reference characters indicate corresponding
parts throughout the several views. The exemplification set out
herein illustrates one preferred embodiment of the invention, in
one form, and such exemplification is not to be construed as
l1imiting the scope of the invention in any manner.

Fig. 1 shows a preferred embodiment of the mechanical part
of the apparatus for wmeasuring the volume of flowing media,
especially of fuel. The fundamental structural design of this

mechanical part still corresponds tO known screw spindle

volumeters, i.e. to the screw spindle volumeter according to EP O
€72 621 Bl, by way of example. The Known features of this
structural design are, however, briefly explained so as to make

the present invention more easily understandable.
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In a cylindrical housing 1 comprising two longitudinal bores
> and 3, which extend through part of said housing 1 in the
longitudinal direction thereof, two multiple-thread screw

spindles 4 and 5 are rotatably supported, each by means of

ball bearings 6, -7 and 8, 9, respectively. The housing 1 1is

delimited by a flow-in flange 10 on one side thereocf, the fuel tO

be measured flowing in through said flow-in flange 10 1n the

direction of measurement, and by a discharge flange 11 on'the
other side thereof, the measured fuel flowing of f through said
discharge flange 11.

In addition, at least one sensor 12 is provided sO as to be
able to detect the revolutions of at least one of said sScrew
spindles for the purpose of volume determination. If 1t 1s
necessary to detect the direction of flow, it is also possible tO
provide two or more sensors 12, 13 which are displaced in phase

relative to one another. The position and the nature of the

preferably used Sensors differ from the hitherto known prior art
and represent an independent aspect of the present invention.
The arrangement and the nature of the preferably used sensor oOr
censors will be described in detail hereinbelow, aftar the

explanation of the main aspect of the present invention, i.e.,

the aspect of achieving an improved linearization, which will Dbe

explained hereinbelow on the basis of an embodiment.

As has already been mentioned, the volume is measured by

Py AR AR S A S 10 = el adaabs. -
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detecting the spindle revolutions by means of a sensox. The
sensor, which fulfills the function of a revolution detector,
can, for example, consist of a variable-inductance pick-up, an
optical sensor or e.g., a Hall sensor. The sensor used will
produce a measuring voltage Uy which 1s schematically shown 1n
Fig. 3 (a) and which is converted into a square-wave voltage
preferably e.g., by means of a Schmitt trigger, said sgquare-wave
voltage being shown e.g., in Fig. 3(b).

In the simplest case, a sensor éircuit i8 used that
generates one period cycle during one full revolution of the
spindle, this being outlined in Fig. 3(a) and 3(b) by Ty,. If a
sensor circuit is used in the case of which a plurality of
voltage rises is generated during one full revolution ot the
spindle, one full revolution of the spindle will be represented
by a corresponding number of periods Tx. In this case, the
resoclution of the circuit is not limited to full spindle
revolutions, but is refined appropriately.

In order to make the present invention more easilily
understandable, it will be assumed hereinbelow that the period
duration Ty shown corresponds to one full revolution of the
spindle. By counting the rectangles shown in Fig. 2(b), e.g. by
counting the rising edges during a fuelling process, conclusions
with regard to the volume tanked can be drawn, as has already

been mentioned hereinbefore.
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One maln aspect of the present invention is based opn the
finding that, on the basis of such a counting principle, it is
impossible to achieve a gatisfactory linearization for
compensating the effects that have been described in connection
with Fig. 2.

According tc a main aspect of the present invention, the
Pulses supplied by the sensor are therefore no longer counted and
converted into a corresponding volume, but the periocd durations
between the pulses are measured. The pulses supplied by the

sensor, which are shown in Fig. 3(b) by way of example, have

different period durations during the fuelling process. At the

beginning of the fuelling process, i.e. when flow velocities are
low, the spindle will rotate slowly, and this will result in lLong
period durations Tyx. During the fuelling process, a maximum flow
velocity will be reached, and this will result in correspondingly
shorter period durations T,. At the end of the fuelling process,
the perlod durations will slow down again. According to the
teaching of the present invention, it is suggested that the

representation of the fuelling behavior in the period durations

should be used for error-corrected volume determination.

In Figs. 3(c) to 3(e), the period duration measurement is
indicated in that a counting clock is generated in the course of
a signal Qy, by means of which the period duration is detected,

and in that the number of pulses illustrated by signal G is used

JOHO2UNd) 9Vd LBc0cSE 68 67+ XVAd 6¢:97 IN 66, L0/8Z
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as a measure cof the period duration T, measured.

Making reference to Fig. 2, a fuelling process wi;l start
with a flow rate of 0 1/min and continue until the maximum flbw
rate, e.g. at point III of curve K, has gradually beenreacﬁed.
At the end of the fuelling process, the flow rate will decrease
again down to 0 1l/min. This increase and decrease of the flow
rate corresponds to an increase and decrease of the angular
velocity of the spindle and, consequently, to an increase and
decrease in the period duration Ty supplied by the sensor.

Fig. 4 elucidates this correlation again schematically. The
pulse duration Ty is plotted above the abscissa to the left, and
the volume flowing through the volumeter per pulse is plotted
along the ordinate. When Fig. ¢ is taken into account in
combination with Fig. 2, it can be seepn that, at the beginning of
a fuelling process, i.e. when a small volume per minute is
tanked, the pulse duration Ty is long and that it decreases in
proportion to an increase in the flow velocity. The volume
delivered per pulse is, however, much larger in the case of short

period durations, i.e. when the spindle is rotating slowly, than
under stable operating conditions at high flow velocities. As
has already been mentioned hereinbefore, thisg is partly due to
the fact that, at low flow velocities, part of the total volume
Llows past the spindles and is therefore not det.ected by the

measurement. At high flow velocities, however, this effect

10
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virtually no longer appears so that the pulses delivered by the
sensor represent an almost exact measure of the volume flowing
through the volumeter. In Fig. 4, this is outlined §n ﬁhe basis
of an approximately unchanging tanked quantity per pulse for

5 short period durations (e.g. T,), i.e. for high flow velocities.

It follows that, by measuring the period duration T,, it can

be recognized which point on the curve shown in Fig. 4 (e.g. T, -

Ti10) 1s present at the time in guestion, and, consequently, it

can be recognized how much fuel per pulse actually flows through
10 the volumeter 1n this situation.

From the technical point of view, a measurement of this type
can, for example, be realized by producing with the aid of
suitable measurements a table in which a correlation between the
period duratiocns Ty measured and the amounts of fuel which

15 actually flowed through the volumeter in the respective
situations is recorded. When the period duration is constantly
supervised, the volume which is the correct volume at the time in
question can always be read from the said table and added to
volumes which were already read from said table before. In this

20 way, an accumulated total volume is obtained at the end of the
fuelling process, the total volume being composed of volume
fractions which may have had different sizes per pulse in
accordance with the varying period durations T..

The volume value read can be representative of the flow

11
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velocity in question and, when multiplied by the period duration,

it can be converted into an absolute volume value.

An essential further advantage of the solution according to
the present invention is to be seen in the fact that different
ctables or sets of tables of this type can be used for different
situations.

For example, an increase in the viscosity of the tanked
fuel, or, expressed in a general formulation, of the‘medium
flowing through the volumeter, will reéult in a reduction of the
gap losses, and this will result in a reduction of the measuring
error explained on the basis of Fig. 2. Hence, a new set of
tables will preferably be produced for the respective higher
viscogity, and, in a situation where an 1ncrease in viscosity
exists, said new set of tables will be read in accordance with
the pulse durations measured. The above also applies mutatils
mutandis when the temperature changes, although the viscosity of
the fuel remains the same.

Expressed more generally, it is possible to prepare in
dependence upon the nature of the measured medium, the viscosity,
the temperature and almost other arbitrary influencing factor a
set of tables which is specially adapted to the situation in
question and which is then réad, based on the measured pulse
durations T., in a time-correct manner in the respective

situation so as to obtain an accumulated total volume. On the

12
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basis of Fig. 4, the presence of various sets of tables is
graphically indicated by the fact that, instead of a single
curve, a group of curves consisting of broken lines is shown and
that each individual curve corresponds to a gpecific measurement
situation (viscosity, temperature and nature of the medium) .

Fig; S shows a schematic block diagram of a circuit by means
of which the measurement and calculation described hereinbefore
can be carried out. A sensor, which has preferably integrated
therein a Schmitt trigger 20, supplies a squarewave pulse to a
pulse duration measurement means 21 in accordance with the
detected spindle revolutions. Within said pulse duration
measurement means 21, the pulse duration Ty, is determmined, the
respective output signal of the pulse duration measurement means
being used for addressing a table means 22. The value read from
said table means 22 on the basis of a measured period duration Ty
1 a measure of the volume per pulse flowing through the

volumeter in the course of the respective pulse duration; in an

adder 23, said value 1is added to the volumes which have already

been read previously so that, when the whole measurement process
has been finished, a total volume 1s obtained that can be

displayed on a display means 24. As has already been mentioned,
different sete of tables for different operating conditions can

be filed in said table means 22. A change-over between the

individual table sets is then effec¢ted in accordance with the

13
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prevaliling operating conditions. For different media to be

- measured, different groups of table sets can be filed. Separate

table sets for gasocline as well as for Diesel fuel or‘otﬁer
flowable media can be filed. For a specific medium, different
table sets can be provided in accordance with the special
viscosity of said medium, the prevailing temperature, etc. The
viscosity can preferably be adjusted via an input means 25; in
the table means 22, said adjustment hag the effect that a
suitable table set is selected. Furthermore, a temperature
sensor 26 is preferably provided, which, when the system is in
operation, constantly examines the temperature and which, in
response to temperature changes, causes a change-over to a new
table set which is suitable for the new temperature.

With the exception of the sensors, the circuit shown in Fig.
5 as a schematic block diagram is preferably provided on a single
printed circult board.

Fig. 6 shows a solution possibility in the case of which a
molded module 20, in which the essential parts of the electronics
are accommodated, is arranged directly on the housing 1 of the
volumeter. The sensor 12, or the sensors 12, 13 is/are
preferably arranged below the module 30 so that, on the whole, a
compact structural design is obtained. The essential part of the
circuit shown in Fig. 5 is, of course, preferably completely

implemented as a single microcontroller that has been integrated

14
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in the module 30. Like the sensors 12 and 13, respectively, also
the temperature sensor shown 1n Fig. 5 can be attached to the
housing of the volumeter.

On the basisg of Fig. 6, a further ilndependent invéntive
feature of the present invention will be explained hereinbelow.
Ae outlined in said figure, the bore, which has inserted therein
the sensor 12, does not intersect the longitudinal bores used for
the spindles. Hence, sensor 12 does not communicate with the wet
chamber, and the detection of the spindle revolutioﬁs takes place
through the housing layer remaining below the sensor, said
housing layer having the thickness d. 1In accordance with the
present invention it has been discovered that, especially 1in
cases where an aluminum housing and a Hall sensor are used,
detection of the spindles is possible through a housing layer
having a thickness of up to 5§ mm. In order to achieve a good
measurement effect, a permanent magnet is incorporated in the
spindle at a suitable locaﬁion, sald permanent magnet causing
then the desired change of signal in the sensor. A plurality of
such magnets can preferably be and should preferably be
incorporated in the spindle arocund the circumference thereof so
as to increase the resoclution of the measurement.

In order to achieve a particularly precise measurement, the
present invention additionally suggests that the sensor should be

arranged above one of the ball bearings shown in Fig. 1, i.e.

15
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again outside of the wet chamber, and that the balls of the
respective ball bearing should be sampled by a sensor. The
resolution of the measurement is then proportional to the number

of balls rotating in said ball bearing.

According to a further preferred embodiment of the present
invention, the volumeter additionally includes a pressure sensor
in the vicinity of the flow-in flange 10 and in the viclinity of
the discharge flange 11; by means of this pressure sensor, the
pressure difference existing in the volumeter can be measured.
On the basis of the pressure difference detected, it 1s possible
to determine, among other measured quantities, the viscosgity of
the medium flowing through the volumeter; this measured quantity

can then be used for switching over to the table set

corresponding tc the detected viscosity in the table means 22 -

shown in Fig. 5. Alternatively, also a single differential
pressure sensor can be used instead of the above-mentioned two
pressure ESensors.

While this invention has been described as having a
preferred design, the present invention can be further modified

within the spirit and scope of this disclosure. This application

is therefore intended to cover any variationse, uses, oOr
adaptations of the invention using its general principles.
Further, this application is intended to cover such departures

from the present disclosure as come within known or customary

16
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practice in the art to which this invention pertains and which

fall within the limits of the appended claims.

17
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Patent Claims:

1)

1. An apparatus for measuring the volume of fuel,

comprising:

a housing (1) including at least two partially merging

longitudinal bores (2,3), the axes of which are parallel;

multiple-thread, 1interengaging screw-spindles, wherein

separate one of said spindles is supported in each bore in a

freely rotatable manner;

at least one sensor means for responding to the revolutions

of one of said screw spindles and providing pulses whose time

sequence represents the i1nstantaneous angular speed of said one

spindle; and characterized by

pulse interval measuring means (21) for measuring intervals

between the pulses suppliled by said sensor means;

storage means (22) for storing an empirically determined

correlation between the flow velocity of the medium flowing

through the apparatus and pulse 1ntervals;

means for providing different volume values (22), 1in each

case on the basis of the pulse interval measured by the pulse

interval measuring means and on the basis of the correlation

At

between flow velocity and pulse intervals stored in the storage

means, the volume value provided beling a measure of the volume

i

flowlng through the apparatus between successive pulses; and

means for adding (23) the values successively provided by
said providing means so as to obtain a total volume value which

1s the decisive value for the volume measurement.

18
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said providing means so as to obtain a total volume value which
is the decisive value for the volume measurement.
2. The apparatus according to Claim 1, characterized in
that said storing means (22) and the means for providiné (22) are
S defined by a table means, the various fundamental volume values
being stored at predetermined addresses and being addressed and
read according to the respective pulse intervél measured so that
the above-mentioned empirically determined correlation 1s ‘
represented by the allocation carried out between the measured
0 pulse interval and the volume value.
3. The apparatus according to Claim 2, characterized in
that said table means is realized by a suitably programmed ROM.
4. The apparatus according toc Claims 1, characterized in
that at least the adder means 1is realized by means of a

S microprocessor.

5. The apparatus according to Claim 1, characterized 1in
that display means (24) for displaying a measured value are
included and said measured value corresponds either to the total
volume value produced or to a value that 1s propeortional thereto.

0 6. The apparatus according to Claim 2, characterized in
rhat said table means has stored therein different table sets
which are each optimized to a specific flowing medium as well as
to operating conditions prevailing during the measurement, and

that a means is provided for selecting the respective suitable

19
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table set for the measurement.

7. The apparatus according to Claim 6, characterized in
rhat table sets are provided for at least one of diffeieﬁf
temperatures and different media viscosities.

8. The apparatus according to Claim 6, characterized in
rhat table sets are provided for different types of fuel.

9. The apparatus according to Claims 1, characterized 1n
that a temperature sensor is provided, which detects the
temperature prevailing 1in the flowing media.

10. The apparatus according to Claim 1, characterized in
that two pressure sensors are provided for measuring the
differential pressure occurring in said apparatus and that means
are additiocnally provided for determining the wviscosity of the
flowing medium on the basis of the differential pressure
measured.

11. The apparatus according to Claim 1, characterized in
that input means are provided for inputting the operating
parameters which are the relevant parameters for the measurement.

12. The apparatus according to Claim 1, characterized 1in
rhat said sensor means comprises at least one Hall sensor which
is arranged such that said sensor does not come into contact with
the flowing medium and that said sensor detects the spindle
revolution through the material of said housing.

13. The apparatus accordling to Claim 1, characterized in

20
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rhat said sensor means detect the spindle revcolution on the basis

of tha movement of balls in a ball bearing suppeorting said

spindles.

14. The apparatus according to Claim 13, characterized in
that said sensor means comprise a Hall sensor and that the balls
of said ball bearings are magnetized.

15. A method of measuring the volume of flowing media, by
means of a screw spindle volumeter, said method comprising the
following steps:

detecting the revolutions of a screw spindle by means of a
sensor and producing pulses whose time sequence 1S representative
of the angular speed of the screw spindle;

repeatedly measuring the period of time between successive

pulses;

selecting, in dependence upon the respective periocd of time
meagsured, a volume value predetermined for said period of time,
said volume value being representative of the volume flowing
through the volumeter per predetermined revolution angle of said

spindle at the respective angular speed of the spindle;

adding the volume values which have successively been

selected for various time period measurements; and

producing and displaying a total volume value that is based
or1 the sum obtained during the whole volume measurement by

continucusly adding the volume values.

21
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1€. A method according to Claim 15, characterized in that
rha selected volume values are each representative of the volume

flowing through the volumeter at the respective angular speed of

rhe screw spindle 1n the course of one complete revolution of the

screw spindle.
17 A method according to Claim 15, characterized in that

the sum obtained by adding the selected volume wvalues is directly

displayed as a result of the volume measurement.

18. A method according to Claim 15, characterized in that a

plurality of pulses is produced by the sensor in the course of

19. A method according to Claims 13, characterized 1n that a

1Hall sensor is used by means of which the spindle revolutlon 1S

detected through a housing wall of the volumeter.

22
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