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Description

The present invention relates to a gear flow meter according to the preamble to claim 1.

Gear flow meters can be used in principle to measure any fluid flows. These fluids can
be, for example, paints, adhesives, ethanol, solvents, additives, tiny quantities of chemi-
cals, petrol or diesel. It is thus possible in particular to verify the injection in the case of

diesel engines.

A generic gear flow meter for measuring the flow of a fluid has a gear chamber, in which
at least one measuring gear wheel is arranged, said gear chamber having a bottom and
a cover which delimit the gear chamber at end faces of the at least one measuring gear
wheel, wherein a respective rotation shaft is provided centrally with respect to each
measuring gear wheel, wherein each measuring gear wheel is mounted so as to be ro-
tatable and a fluid is conveyable through the gear chamber to rotate the at least one
measuring gear wheel. In addition, such a gear flow meter has a measuring unit to de-
tect a gear rotation and an evaluation means to determine a flow of the fluid through the
gear chamber on the basis of the gear rotation.

In the case of these gear flow meters, the fluid is conveyed through the gear chamber
between adjacent teeth of the at least one measuring gear wheel and a wall of the gear
chamber. Tolerances in the movement of the at least one measuring gear wheel influ-
ence the through-flow quantity of the fluid and thus lead to an impairment in measure-
ment precision.

A cross-section of a conventional gear flow meter 1 is shown schematically in Fig. 5.
This has at least one measuring gear wheel 13 which is received in a depression of a
main body 11. This depression is closed by a cover 12 to form a gear chamber. A fluid,
of which the flow is to be measured, passes via a feed line 10 in the main body 11 into
the gear chamber. As the fluid flows through the gear chamber, the measuring gear
wheel 13 rotates. The rotation of the measuring gear wheel 13 is detected in order to

determine the through-flow quantity.

For rotatable mounting of the measuring gear wheel 13, a rod or a rotation axis 14 is
arranged through the centre of said measuring gear wheel 13. Said rotation axis 14 ex-

tends from the main body 11 through the gear chamber into the cover 12. The measur-
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ing gear wheel 13 is mounted on the rotation axis 14 via two deep groove ball bearings
15. A spacer ring is arranged between the two ball bearings 15, said spacer ring also
surrounding the rotation axis 14. In addition, in the example shown, a bearing is ar-
ranged in a depression of the cover 12 around the rotation axis 14. A further bearing is
positioned in a corresponding depression in the main body 11 below the measuring

gear wheel 13.

By means of these components, in particular the deep groove ball bearing 15, a low-

friction rotation of the measuring gear wheel 13 is to be facilitated.

Such a deep groove ball bearing 15 is schematically shown in a section in Fig. 6. It
comprises a plurality of balls or rolling bodies 16 which contact an inner ring 17 and an
outer ring 18. The inner ring 17 surrounds the rotation axis 14 shown in Fig. 5 and is
fixed relative to the rotation axis 14 during operation. The outer ring 18 contacts the
measuring gear wheel 13 with its outer surface and is fixed relative to said measuring
gear wheel 13 during operation. In addition the inner ring 17 and the outer ring 18 are
connected by two sealing discs 19, and a cage (not shown) holds the rolling bodies 16

within the ball bearing 15.

In this ball bearing 15 a clearance is present between the components, that is to say
undesirable movements between the components of the ball bearing 15 are possible.
This is shown in Fig. 6 through an offset between the inner ring 17 and the outer ring
18. In order to reduce this clearance, compensating discs can be arranged on the upper
and / or lower side shown in Fig. 6. Turbulent running of the measuring gear wheels can
indeed hereby be reduced. Nonetheless, a slight tilting of the measuring gear wheels
can arise, which results in imprecisions in the through-flow measurement. Leakage
flows can also arise along the rolling bodies 16 as a result of the clearance. These leak-
age flows have a disadvantageous effect upon the precision of the through-flow deter-
mination. Furthermore, friction during rotations of the measuring gear wheel does not
only lead to measurement imprecisions but also to a high starting torque, with which

measurements of lower fluid flows are prevented.

JP S62 51232 discloses a gear flow meter. This uses two measuring gear wheels. In

order to mount them, a ring element is present for each in an inner space of the meas-
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uring gear wheel, said ring element contacting a plurality of balls. Low-friction mounting

is provided through the balls.

Further gear flow meters are known from WO 2007/104517 and EP 0 393 294 A1. Two
measuring gear wheels are thereby used in each case which are held via roller bear-

ings.

It can be regarded as an object of the invention to provide a gear flow meter which fa-
cilitates through-flow measurement which is as precise as possible at the same time as

having a simple structure.
This object is achieved by a gear flow meter having the features of claim 1.

Advantageous variants of the gear flow meter according to the invention are the subject
matter of the dependent claims and are additionally described in the following descrip-

tion, in particular in association with the figures.

It is provided according to the invention in the gear flow meter of the abovementioned
type that a respective receiving area is provided between each measuring gear wheel
and the bottom and between each measuring gear wheel and the cover, rolling ele-
ments being arranged in said receiving areas for mounting the respective measuring
gear wheel. It is also provided according to the invention that the rolling elements direct-
ly contact the respective measuring gear wheel, the respective rotation shaft and the
bottom or cover and that the rolling elements are each movable as a whole relative to
the rotation shaft, the measuring gear wheel and the bottom or cover which they con-

tact.

In order to reduce leakage flows and frictions, a breakaway torque or tilting movement
of the measuring gear wheel which is as small as possible is desired. This can be
achieved if a rotation axis of the rolling elements lies as far outwards as possible. The
invention is based upon the recognition that a displacement of the rotation axis out-
wards using larger conventional ball bearings is not meaningful, because the reduced
thickness of the measuring gear wheel associated therewith does not offer sufficient
strength and stability. Running surfaces of the rolling elements are therefore formed as
a central idea of the invention by the measuring gear wheel and the rotation shatft itself.

The space required for mounting can advantageously thereby be reduced in the radial
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direction relative to the rotation shaft. The expanse of this space can be equal to a di-
ameter of the rolling elements. Through this reduced space requirement for mounting, a
sufficient thickness and material strength of the measuring gear wheel can also be
achieved when the rotation axis of the rolling elements lies further outwards to reduce

the breakaway torque.

It can additionally be regarded as a core idea of the invention to reduce the components
necessary for the mounting of the at least one measuring gear wheel. A conventional
deep groove ball bearing is thus replaced by individual rolling elements or roller bodies.
The inner ring of a ball bearing which separates the roller bodies from the rotation shaft
is thereby omitted. Instead, according to the invention the rolling elements contact the
rotation shaft directly. In the same way, the outer ring of a ball bearing between the roll-
ing elements and the measuring gear wheel is omitted. Instead, according to the inven-
tion the rolling elements contact the measuring gear wheel directly without additional

components being arranged between them.

In addition the measuring gear wheels are mounted on their end faces via the rolling
elements. According to the invention, for this, the rolling elements located in the receiv-
ing area between cover and measuring gear wheel contact both the cover and also the
measuring gear wheel directly. Correspondingly, rolling elements in the receiving area
between the bottom and measuring gear wheel contact both the bottom and also the
measuring gear wheel directly. The rolling elements thus advantageously serve in a re-
ceiving area both for mounting in the direction of a rotation axis, that is to say in the lon-

gitudinal direction of the rotation shaft, and also in a radial direction thereto.

The clearance on the components provided for mounting is determined by the manufac-
turing tolerances of all components. As the number of these components is reduced
according to the invention in comparison with conventional ball bearings, the total clear-
ance is advantageously reduced on the assembly without stricter manufacturing toler-
ances being required e.g. for the rolling elements.

A rolling element can be understood to be a single roundish body. Accordingly the roll-
ing elements are each movable as a whole relative to the adjacent rotation shaft, the

adjacent measuring gear wheel, the cover and the bottom. A rolling element is not



10

15

20

25

DK/EP 2696176 T3

therefore to be understood to be a whole ball bearing which also comprises components

which are not movable relative to the rotation shaft or to the measuring gear wheel.

It can be regarded as a particular advantage of the invention that, as a result of the re-
duced number of components between a measuring gear wheel and its rotation axis,
the clearance of these components is reduced. On the one hand leakage flows can
hereby be reduced along the rotation axis. On the other hand a tilt movement of the
measuring gear wheels is hereby reduced. This results in an increase in the precision of

the amount of fluid conveyed with the rotation of a gear wheel.

A further essential advantage of the gear flow meter according to the invention is a bet-
ter rinsing ability. This is achieved through the reduced number of components for
mounting the measuring gear wheels in comparison with conventional gear flow meters
with deep groove ball bearings. Thorough cleaning can be particularly significant if the
fluid is for example a paint.

Clear improvements are also achieved having regard to the measurement of very small
amounts of fluid. Conventional gear flow meters require high start-up forces, on account
of the comparatively high friction, and can only provide precise results with effect from a
volume flow of approximately 5 cm?® per minute. On the other hand, as a result of the
reduced friction with the gear flow meter according to the invention, already volume

flows of 2 cm® per minute or less can be determined.

The measuring unit used in the invention can in principle be of any type and be de-
signed for example through a capacitive, inductive or optical sensor or also an ultra-
sound sensor. It can hereby be detected for example whether a tooth of one of the
measuring gear wheels is present at a measurement position. The number of teeth
passing by per time unit can be determined with this information. The amount of fluid
which can be transported for each intermediate space of two adjacent teeth is known or
can be determined in a calibration measurement. The amount of fluid flowing through
per time unit can thus be determined from the number of teeth detected at the meas-

urement position per time unit, that is to say from the rotation of the gear wheel.
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The evaluation means for determining a through-flow can be arranged either in a shared
housing with the gear chamber or also in an external unit, for example software-

implemented on a computer.

In a preferred variant of the gear flow meter according to the invention, each rotation
shaft is formed by a fixed rotation axis, in relation to which the respective measuring
gear wheel is rotatably mounted via the rolling elements. The rotation shaft can be fix-
edly connected to the cover and / or bottom. The measuring gear wheel can have a
central opening from one end face to the other. The rotation shaft runs through this
opening. The surfaces of the central opening can be described as the gear wheel inner
side. In this embodiment, the measuring gear wheel is mounted in a direction perpen-
dicular to its rotation axis by the rolling elements contacting both the rotation shaft and

also, in opposition thereto, the measuring gear wheel.

Alternatively, according to a further preferred variant, each rotation shaft is formed by a
circulating axis which is fixedly connected to the respective measuring gear wheel. The
measuring gear wheel is hereby only rotatable jointly with the rotation shaft. Conse-
quently, a friction contact between the rotation shaft and the bottom or cover is also to
be avoided here. For this, initially the bottom and the cover have a recess, into which
the rotation shaft respectively extends. The mounting of the rotation shaft and the
measuring gear wheel is then realised in a direction transverse to the rotation axis
thereof by rolling elements contacting both the rotation shaft and also, opposite thereto,
the bottom or the cover.

In a preferred embodiment of the gear flow meter according to the invention, the receiv-
ing areas are respectively formed by a stepped gap which is a depression in an end
face of the measuring gear wheel or in the bottom and in the cover. Each stepped gap
is thereby open towards the rotation shaft.

If the rotation shaft is formed as a circulating axis, the bottom and the cover preferably
have a recess, into which the rotation shaft extends. In this embodiment it is preferable
for each measuring gear wheel for a stepped gap to be formed in the bottom and a step
gap to be formed in the cover. Each stepped gap is thereby open towards the recess,
into which the rotation shaft extends.
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In the case of a fixed rotation axis as a rotation shaft, the receiving area is preferably
formed as a depression in the measuring gear wheel. A rolling element in the stepped
gap on the measuring gear wheel thus extends as far as the end face or beyond the

end face and as far as the gear wheel inner side or beyond the gear wheel inner side.

In order that a rolling element contacts both the stepped gap and also the rotation shaft,
a stretch from an outer circumference of the rotation shaft to an outer end of the
stepped gap can be equal to or smaller than the diameter of the rolling elements. In or-
der to avoid contact between a measuring gear wheel and an associated fixed rotation
shaft or in order to avoid contact between a circulating rotation shaft and the bottom or
cover, a radial width of the stepped gap can be selected to be smaller than the diameter
of the rolling elements. For example the radial width can be smaller by up to 5% to 20%,
preferably 10% to 15%, so that the rolling elements project out of the stepped gap to-
wards the rotation shaft. The rolling elements hereby contact the rotation shaft while
undesirable contact between the measuring gear wheel and the rotation shaft is avoid-
ed.

In principle, a cross-sectional form of the stepped gap can be as desired. It is preferred,
however, for each stepped gap to respectively have a bottom wall extending transverse
to a rotation axis of the measuring gear wheel and a side wall extending in the direction
of the rotation axis, and for the rolling elements to directly contact the side wall and the

bottom wall of the stepped gap, in which they are arranged.

The side wall can hereby extend either parallel to the rotation axis or at an inclination
angle which is smaller than an inclination angle of the bottom wall relative to the rotation
axis. Insofar as the rolling elements contact the stepped gap at two positions, namely on
the side wall and on the bottom wall, a secure positioning of the rolling elements can be

achieved with limited undesirable clearance.

It is particularly easy to clean or rinse a stepped gap if each stepped gap has a round-
ed-off or inclined transition region between its bottom wall and its side wall. In addition,
hollow spaces are hereby reduced around the rolling element which can lead to leakage

flows or offer space for undesirable deposits.
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These hollow spaces between the receiving ring and rolling elements received therein
can be reduced particularly far if a radius of curvature of the rounded-off transition re-
gion deviates from a radius of the rolling elements by at most 20%, preferably at most
10%. The radius of curvature can thereby be greater than or smaller than the radius of

the rolling elements.

In principle, however, a transition region can also be formed by one or more straight

surfaces which are inclined relative to the bottom wall and the side wall.

It is preferable for at least two measuring gear wheels to be arranged engaging in each
other in the gear chamber. Each of the measuring gear wheels can let the fluid through
between its teeth on a region towards a wall of the gear chamber. Insofar as the meas-
uring gear wheels engage in each other, a fluid flow between the measuring gear
wheels is prevented. A measurement on one of the measuring gear wheels is sufficient
to determine the gear rotation. The measuring gear wheels have rotation axes differing
from each other and are respectively mounted in the manner according to the invention

via rolling elements.

Underneath an end face, in which a receiving area can be formed, is to be understood
to be a side of a measuring gear wheel which is transverse or perpendicular to the rota-
tion axis. Accordingly, each measuring gear wheel can have two receiving areas, on
which rolling elements contact the rotation shaft. Through these two contact areas, a
stable orientation of the measuring gear wheel relative to its rotation shaft, that is to say
in the radial direction relative to the rotation axis, is achieved. If the rolling elements pro-
ject from both end faces, undesirable friction between the end faces of the measuring

gear wheel and the bottom and the cover can additionally be avoided.

For the formation of the gear chamber it is provided according to a preferred embodi-
ment that the bottom and / or the cover has / have a recess, in which the at least one
measuring gear wheel is arranged. The gear chamber is hereby delimited on the end
faces of the measuring gear wheel and laterally relative to the measuring gear wheel by

the bottom and the cover.

Instead of this two-part structure delimiting the gear chamber, a three-part structure can

also be provided. The gear chamber is hereby likewise delimited on the end faces of the
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at least one measuring gear wheel by the bottom and the cover. However, a middle el-
ement is provided to laterally delimit the gear chamber, said middle element laterally
surrounding the at least one measuring gear wheel. The middle element, the bottom
and the cover are formed in at least three parts and are connected to each other. The
lateral delimitation of the gear chamber is to be understood as a limitation of a plane
transverse, in particular perpendicular, to the rotation axis of the measuring gear wheel.
In contrast with a two-part structure, it is not necessary in the case of the present three-
part structure for the bottom to have a depression to receive measuring gear wheels.
Precise machining of a side of the bottom and cover pointing towards the gear chamber

is hereby advantageously simplified.

The advantage of simplified machining is particularly significant in embodiments in
which the bottom and the cover have a planar surface towards the gear chamber to hold
the rolling elements, wherein the rolling elements directly contact the planar surface. A
receiving area for a rolling element is thus delimited in a first direction by the bottom or
cover, in a further direction by the rotation shaft and, opposite to the rotation shaft and

opposite to the bottom or cover, by the measuring gear wheel.

In order that friction between the rolling elements and the respectively adjacent area of
the bottom or cover is as low as possible, regions of the bottom or cover which contact
the rolling elements are preferably smoothened. The machining steps for smoothening
can be carried out relatively easily and precisely if the bottom and the cover do not have
a depression to receive a measuring gear wheel, as is required in a two-part formation
of the gear chamber, but instead have no sections at least in the region of the gear
chamber and projecting beyond a side delimitation of the gear chamber. A two-part
structure can, however, also be preferred, for example on the basis of the reduced

number of components to be exactly manufactured.

In order to reduce abrasion or wear of the components used for mounting, surfaces of
the rolling elements are preferably hardened. The measuring gear wheels and / or the
bottom and / or cover and / or the rotation shafts can be hardened at least in regions
facing towards the rolling elements or have a coating, of which the hardness is higher
than that of a material adjacent to the coating. For example walls of the receiving areas

of the measuring gear wheels can be hardened while other areas of the measuring gear
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wheels do not absolutely have to be hardened. Similarly, it can be provided that the re-
ceiving areas of the measuring gear wheels are provided with a coating, of which the

hardness is greater than that of the measuring gear wheel.

The conveying of a fluid to the gear chamber and out of the gear chamber can be real-
ised in principle in any way through channels in the bottom, cover and middle element.
Particularly precise measurements and a comparatively low-priced manufacture are,
however, possible, if the middle element does not have a channel to convey the fluid to
the gear chamber or out thereof and, for this purpose, the bottom or the cover has a
fluid inlet to convey a fluid into the gear chamber and the bottom or the cover has a fluid
outlet to convey the fluid out of the gear chamber. The bottom and cover can thereby
have different expanses in the direction of the rotation axis. In particular, the bottom can

have a greater expanse than the cover.

In addition, through a three-part structure, the bottom and the cover can also be used
for measuring gear wheels of different thicknesses, thus different expanses in the direc-
tion of the rotation axis. Solely the middle element must be selected correspondingly to

the thickness of the measuring gear wheel to be used in the respective case.

In a preferred variant of the gear flow meter according to the invention, rolling elements
are arranged contacting each other in the receiving areas. In order to facilitate insertion
of the rolling elements into the receiving area, a circumferential length of the receiving
area can thereby be greater than the overall expanse of the rolling elements used, so
that not all rolling elements contact each other. Such an arrangement can be achieved
in particular if the rolling elements are arranged free of ball bearing cages in the receiv-
ing areas. Friction between the rolling elements and a cage is hereby advantageously
precluded. In addition, a greater number of rolling elements can be used in comparison
with the case of a spaced-apart holding of the rolling elements, whereby this also has a

friction-reducing  effect and  facilitates a  better force  progression.

The rolling elements can in principle be any round bodies. Preferably, however, they are
balls. Due to the symmetry of balls, advantageously no means are required to direct the
balls in the receiving area. Alternatively, the rolling elements can, however, also have

the form of a cylinder, of which the end faces are outwardly curved.
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Experiments have shown that tilting of the measuring gear wheel is particularly low if the
balls are relatively small in comparison with balls of ball bearings in conventional gear
flow meters. In an embodiment of the invention the balls have a diameter of less than 2

mm, preferably less than 1.3 mm.

Further features and advantages of the invention are described by reference to the at-

tached schematic drawing, in which:

Fig. 1 shows a perspective view of an exemplary embodiment of a gear flow meter ac-

cording to the invention;
Fig. 2 shows a cross-sectional view of the gear flow meter of Fig. 1;

Fig. 3 shows a cut-out of an exemplary embodiment of a gear flow meter according to

the invention;

Fig. 4 shows a cut-out of a further exemplary embodiment of a gear flow meter accord-

ing to the invention;
Fig. 5 shows a cross-sectional view of a conventional gear flow meter, and
Fig. 6 shows a cross-sectional view of a known deep groove ball bearing.

The same components and those working in the same way are generally identified by

the same reference symbols in the figures.

An exemplary embodiment of a gear flow meter 100 according to the invention is initially
described by reference to Figs. 1 and 2. Fig. 1 thereby shows a perspective view of the
gear flow meter 100 and Fig. 2 shows a section hereof, which extends through both ro-

tation axes of the gear flow meter 100.

By way of essential components, the gear flow meter 100 has a gear chamber 50, two
measuring gear wheels 20 and 21 arranged therein, a respective rotation shaft 30 and
31 for the two measuring gear wheels 20 and 21 and rolling elements 40 for mounting

the measuring gear wheels 20 and 21.

In principle, a single measuring gear wheel 20 can also suffice or a greater number than

two measuring gear wheels can be present.
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A fluid can traverse the gear chamber 50 preferably exclusively on the wall thereof be-
tween adjacent teeth of one of the measuring gear wheels 20, 21. Through this flow, the
fluid sets the measuring gear wheels 20, 21 in motion. Insofar as the rotation of one or
both measuring gear wheels 20, 21 is detected, the fluid flow can be concluded. For this
purpose, a measuring unit 60 is provided. This determines the number of teeth of a
measuring gear wheel which pass by a measurement position per time unit. Evaluation
means 70, which are shown purely schematically in Fig. 1, use the measurement infor-
mation of the measuring unit 60 to determine the flow of the fluid through the gear
chamber 50.

In order to precisely determine the fluid flow it is desirable for the same amount of fluid
to constantly be transported between two adjacent teeth of a measuring gear wheel 20,
21. In addition, frictions arising upon rotation of the measuring gear wheels 20, 21 are to
be as limited as possible and to be constant in terms of time. It is thus desirable for the
measuring gear wheels 20, 21 to be mounted with limited clearance and to be able to

realise as little tilt movement as possible.

According to the invention this is achieved by a new type of mounting of the measuring
gear wheels 20, 21 on their respective rotation shafts 30, 31. This mounting is described
in greater detail for a first exemplary embodiment having regard to Fig. 3. This shows a
cut-out of a measuring gear wheel 20 and the components adjacent thereto. The meas-
uring gear wheel 20 thereby has a central opening, through which the rotation shaft 30
extends, which is designed here as a fixed rotation axis 32. In order to facilitate a low-
friction rotation of the measuring gear wheel 20 around the rotation shaft 30, rolling el-
ements 40 are provided which directly contact both the measuring gear wheel 20 and
also the rotation shaft 30. The mounting of the measuring gear wheel 20 differs herein
from the mounting in conventional gear flow meters which use a deep groove ball bear-
ing, as shown in Fig. 6. In such a case, rolling elements do not contact the measuring
gear wheel, but instead an interposed outer ring of the ball bearing. In addition, in con-
ventional gear flow meters the rolling elements do not directly contact a rotation shaft of

a measuring gear wheel but instead an inner ring of a ball bearing.

Insofar as according to the invention the running surfaces of the rolling elements 40,

which are formed here as balls 40, are directly formed by the measuring gear wheel 20
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and the rotation shaft 30, the inner ring, the outer ring and the cage of a ball bearing are
omitted.

A diameter of a ball rotation axis can hereby be selected to be greater than in conven-
tional assemblies. A tilt point of the measuring gear wheel 20 thus lies further outwards
than in conventional gear flow meters, whereby the breakaway torque of the measuring

gear wheel 20 is advantageously lower.

In addition, according to the invention the friction of the balls against the cage is not
present, whereby the measuring gear wheel rotates more easily. Without the numerous
components of a ball bearing, it is additionally possible in a simple way to rinse all sur-
faces on the balls 40, the measuring gear wheel 20 and the rotation axis 30 for cleaning

purposes.

In the gear flow meter according to the invention shown in Fig. 3, a separate spacer is
also omitted, whereby this is arranged in conventional gear flow meters on a gear inner
side between the rolling elements of the upper end face and rolling elements of the low-
er end face of the measuring gear wheel. Instead, according to the invention this func-

tion can be fulfilled by the body of the measuring gear wheel 20 itself.

In order to secure a desired position of the balls 40, the measuring gear wheel 20 is
provided with two receiving areas 24, in which the balls 40 are arranged. The two re-
ceiving areas 24 can be milled and are formed as annular depressions in the two end
faces of the measuring gear wheel 20. The receiving areas 24 are thereby located on
the gear wheel inner side 23 so that the receiving areas 24 are open towards the rota-
tion axis 30 and form a stepped depression 25.

It can be provided for easier cleaning on the measuring gear wheel 20 that a side wall of
the receiving area 24 which extends in the direction of the rotation axis of the measuring
gear wheel 20, and a bottom wall of the receiving area 24 which is transverse, in partic-
ular perpendicular, to the rotation axis, are not at a right angle to each other. Instead, an
inclined or rounded-off transition region can be provided between the side wall and the
bottom wall of a receiving area 24, as shown in the right half of Fig. 3. Dead spaces

which cannot be rinsed or are difficult to rinse can hereby be avoided.
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The width of a receiving area 24, that is to say its dimensions in a direction radially rela-
tive to the rotation axis, is smaller in the present case than a diameter of the balls 40.
The balls 40 hereby project inwards beyond the gear wheel inner side 23, so that the
latter is not in contact with the rotation shaft 30. Similarly, the depth of the receiving ar-
eas 24, as seen from the respective end face of the measuring gear wheel 20, is small-
er than the diameter of the balls 40. The balls 40 hereby also project beyond the end
face. A bottom 52 and a cover 56 which are adjacent to the end faces of the measuring
gear wheel 20 thus contact solely the balls 40 and not the measuring gear wheel 20.

The friction during rotation of the measuring gear wheel 20 is thus reduced.

In the area of the measuring gear wheel 20, the bottom 52 and cover 56 are planar and

smoothened to reduce friction.

The bottom 52 has an opening, through which the rotation shaft 30 extends through the
gear chamber as far as the cover 56. The rotation shaft 30 can thereby be inserted or
pressed in a sealing manner into the opening of the bottom 52. Alternatively, the rota-
tion shaft 30 can also be integrally formed with the bottom. In the embodiment shown,
the rotation shaft 30 is adjacent to the cover 56. Alternatively, however, the cover 56

can also have a receiving opening for the rotation shaft 30.

A middle element 54 is present between the bottom 52 and the cover 56, said middle
element 54 surrounding the measuring gear wheels 20, 21 and thus laterally delimiting

the gear chamber 50. Such a middle element is shown in Figs. 1 and 2.

It is additionally shown in these figures that the cover 52 has a fluid inlet 53. Fluid can
be conveyed via this fluid inlet 53 into the gear chamber 50. A fluid outlet (not shown
here) conveys the fluid out of the gear chamber 50 and is formed in the cover 52 or

cover 56.

A further exemplary embodiment of a gear flow meter 100 according to the invention is
shown schematically in Fig. 4. Unlike the exemplary embodiment of Fig. 3, the rotation
shaft 30 is designed here as a circulating rotation axis 33. This is fixedly connected to
the measuring gear wheel 20. Both the measuring gear wheel 20 and also the rotation

shaft 30 thus rotate around the rotation axis 34.
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In this embodiment, two receiving areas 24 with rolling elements 40 are likewise provid-
ed for each measuring gear wheel 20. The receiving areas 24 are not formed here,
however, as depressions in the measuring gear wheel 20 but instead as depressions in
the bottom 52 and in the cover 56. The rolling elements 40 contact the respective re-
ceiving area 24 and thus the bottom 52 or cover 56 on two sides, namely on the bottom
wall and the side wall of the receiving area 24. In addition the rolling elements 40 con-
tact an end face of the measuring gear wheel 20 in a direction parallel to the rotation
axis 34, whereby mounting is realised in the direction of the rotation axis 34. In the
plane perpendicular thereto, mounting is realised in that the rolling elements 40 contact
a shell surface of the rotation shaft 30 which extends parallel to the rotation axis 34.

The bottom 52 and the cover 56 each have a recess 57, into which the rotation shaft 30
projects. The recesses 57 can be formed as depressions or passages. The receiving
areas 24 for the rolling elements 40 extend annularly around the recesses 57 and are
directly adjacent to them. They thereby form stepped depressions 25 which are open
towards the respective end face of the measuring gear wheel 20 and towards the re-

cess 57.

Finally, the gear chamber is surrounded here in two parts. The bottom 52 thereby has a
recess (not shown in greater detail in Fig. 4), into which the measuring gear wheel 20 is

inserted. Through this recess, a lateral delimitation of the gear chamber is defined.

As a result of the new type of mounting, the friction on the measuring gear wheels of the
gear flow meter according to the invention is particularly low. In addition, tilting of the
measuring gear wheels and the occurrence of leakage flows are extensively avoided.

Finally, particularly small volume flows can be measured as a result of the low friction.
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Patentkrav

1. Tandhjulsflowmaler til maling af gennemstremningen af et fluid

med et tandhjulskammer (50), i hvilket der er anbragt mindst et maletandhjul
(20, 21),

med en bund (52) og et |ag (56), som afgraenser tandhjulskammeret (50) ved
endeflader af det mindst ene maletandhjul (20, 21), hvor der i midten i forhold
til hvert maletandhjul (20, 21) i hvert tilfaelde er tilvejebragt et drejeskaft (30,
31),

hvor hvert maletandhjul (20, 21) er lejret drejeligt, og der kan ledes et fluid
gennem tandhjulskammeret (50) med henblik pa at dreje det mindst ene ma-
letandhjul (20, 21),

med en maleindretning (60) til maling af en tandhjulsdrejning og med evalue-
ringsmidler (70) til maling af en gennemstrgmning af fluidet gennem tand-
hjulskammeret (50) pa grundlag af tandhjulsdrejningen,

hvor der mellem hvert maletandhjul (20, 21) og bunden (52) samt mellem
hvert méaletandhjul (20, 21) og laget (56) i hvert tilfeelde er tilvejebragt et op-
tagelsesomrade (24), i hvilket der til lejring af det pageeldende maletandhjul
(20, 21) er anbragt rulleelementer (40), kendetegnet ved,

at rulleelementerne (40) direkte bergrer det pageeldende maletandhjul (20,
21), det pageeldende drejeskaft (30, 31) og bunden eller laget (52, 56), hvor
lebeflader af rulleelementerne (40) er dannet af maletandhjulet (20, 21) og
selve drejeskaftet (30, 31), og

at rulleelementerne (40) hver isaer er bevaegelige som en helhed i forhold fil
drejeskaftet (30, 31), maletandhjulet (20, 21) og bunden eller laget (52, 56),
som de bergrer.

2. Tandhjulsflowmaler ifglge krav 1,

kendetegnet ved,

at der i tandhjulskammeret (50) er anbragt mindst to maletandhjul (20, 21),
som griber ind i hinanden.

3. Tandhjulsflowmaler ifglge krav 1 eller 2,

kendetegnet ved,

at optagelsesomraderne (24) hver iseer er udformet af en trininddelt spalte
(25), som er en fordybning i en endeflade af maletandhjulet (20, 21) eller i
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bunden (52) og i laget (56), og
at hver trininddelt spalte (25) er aben ud mod drejeskaftet (30, 31).

4. Tandhjulsflowmaler ifglge krav 3,

kendetegnet ved,

at hver trininddelt spalte (25) hver iseer har en bundvaeg, som forlgber pa
tveers af en rotationsakse (34) af maletandhjulet (30, 31), og en sideveeg,
som forlgber i retning mod rotationsaksen (34), og

at rulleelementerne (40) direkte bergrer den trininddelte spaltes (25) sidevaeg
0g bundvaeg, som de er anbragt i.

5. Tandhjulsflowmaler ifglge krav 3 eller 4,

kendetegnet ved,

at hver trininddelt spalte (25) har et afrundet eller skrat overgangsomréade
mellem sin bundvaeg og sin sidevaeg.

6. Tandhjulsflowm@ler ifglge et af kravene 1 til 5,

kendetegnet ved,

at hvert drejeskaft (30, 31) er udformet af en stationeer drejeakse (32), som
det pageeldende maletandhjul (20, 21) er lejret drejeligt pa via rulleelemen-
terne.

7. Tandhjulsflowmaler ifglge et af kravene 1 til 5,

kendetegnet ved,

at hvert drejeskaft (30, 31) er udformet af en rundtgadende akse (33), som er
fast forbundet med det pagaeldende maletandhjul (20, 21).

8. Tandhjulsflowmaler ifglge et af kravene 1 til 7,

kendetegnet ved,

at tandhjulskammeret (50) er afgraenset i siderne af et midterstykket (54),
som omgiver det mindst ene maletandhjul (20, 21) i siderne, at bunden (52)
og laget (56) hver iseer er forbundet midterstykket (54) og

at bunden (52), laget (56) og midterstykket (54) er udformet i det mindste i tre
dele.
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9. Tandhjulsflowmaler ifglge et af kravene 1 til 7,

kendetegnet ved,

at bunden (52) og/eller laget (56) har en udsparing, som det mindst ene ma-
letandhjul (20, 21) er anbragt i,

at tandhjulskammeret (50) ved maletandhjulets (20, 21) endeflader samt i
siderne ud mod maletandhjulet (20, 21) er afgreenset af bunden (52) og laget
(56).

10. Tandhjulsflowmaler ifglge et af kravene 1 til 9,

kendetegnet ved,

at bunden (52) og laget (56) har en plan flade til at holde rulleelementerne
(40), hvor den plane flade er udglattet, og rulleelementerne (40) bergrer den
plane flade direkte.

11. Tandhjulsflowmaler ifelge et af kravene 1 til 10,

kendetegnet ved,

at i det mindste omrader af maletandhjulene (20, 21) og/eller af bunden (52)
og af laget (56) og/eller af drejeskafterne (30, 31) er haerdet eller har en be-
lzegning, hvis hardhed er hgjere end den for et materiale, som befinder sig i
neerheden af belaegningen.

12. Tandhjulsflowmaler ifglge et af kravene 1 til 11,

kendetegnet ved,

at der i optagelsesomraderne (24) er anbragt rulleelementer (40), der bergrer
hinanden.

13. Tandhjulsflowmaler ifglge et af kravene 1 til 12,

kendetegnet ved,

at rulleelementerne (40) i optagelsesomraderne (24) er anbragt, sa de er frie
af kuglelejeholdere.

14. Tandhjulsflowmaler ifglge et af kravene 1 til 13,
kendetegnet ved,
at rulleelementerne (40) er kugler (40).
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Fig. 2
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