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(54) Gear pump

(57) A positive-displacement rotary pump compris- faces (17a, 17b) which are subjected, in use, to pres-
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ing a pair of meshing gears (13, 14) or rotors, consisting
of a driving gear and a driven gear, contained in a shell
(10) having an output opening and an intake opening for
a fluid. The gears (13, 14) comprise shafts (23, 24)
which are supported by bushings (15a, 15b) having two

sures which bring about an axial load on the bushing
itself, characterized in that the resultant of the axial
loads (S', S") on the two bushings has a predetermined
direction so as to move the bushings (15a, 15b) and the
gears (13, 14) as a whole into close abutment with a
predetermined reference plane (VI-VI).
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Description

[0001] The present invention relates to the sector of
positive-displacement rotary pumps. There are known
various types of rotary pump, including gear pumps,
lobe pumps and screw pumps.

[0002] Gear pumps generally comprise two gears,
one of which, known as the driving gear, is connected
to a drive shaft and causes the other wheel, known as
the driven gear, to rotate. The pumps of this type for high
pressures are generally produced with a so-called "bal-
anced" or "equilibrated" configuration, in which the two
opposing faces of the bushings for supporting the gears
are subjected to pressures over areas which, although
they are large in absolute terms, are not very different
from each other in order to generate a moderate differ-
ential force which tends to keep each bushing in contact
with the gears.

[0003] Figures 1 and 2 illustrate an example of a gear
pump of known type. In particular, Figure 1 is a longitu-
dinal section along a plane which extends through the
axes of rotation of the two gears, and Figure 2 is a sec-
tion taken on line ll-Il in Figure 1. The driving gear 13
and the driven gear 14, whose shafts are supported by
two bushings 15, are housed inside a shell 10 which is
closed by a front cover 11 and a rear cover 12. Omega-
shaped () seals 16 which separate the intake zone (A),
at lower pressure, from the output zone (M), at higher
pressure, are housed on the outer face 17a of the bush-
ings 15. During use, the bushings 15 are subjected to a
pressure both on the outer faces 17a thereof and on the
inner faces 17b thereof. The omega-like configuration
of the seals 16 is such that the portion of outer face 17a
of each bushing 15 on which the output pressure, which
is greater than the intake pressure, acts is greater than
the portion of inner face 17b of the bushing which is sub-
jected to the same output pressure. Since the area on
which the output pressure acts in the region of the inner
face 17b of each bushing cannot be determined with ac-
curacy, the optimum configuration of the omega-like
seal 16 is usually identified by trial and error.

[0004] Owing to the difference between the pressures
which act on the two faces, the outer face 17a and inner
face 17b, the bushings 15 are urged with a force which
is moderate, and controlled, against the gears 13 and
14 so as to minimize the leakages over the faces of the
gears themselves as a result of the difference in pres-
sure between the intake and output. In the prior art,
therefore, the two bushings are floating in an axial
sense.

[0005] Obtaining good leak-tightness between the in-
take and output is one of the principal objectives in the
production of gear pumps. In fact, the efficiency of
pumps of this type declines rapidly if the leak-tightness
is not total. Another problem which the manufacturers
of pumps have to deal with is the noise of the pumps
themselves, owing to irregular phenomena, or "ripples"”,
in the transfer of the fluid. A study of the above-men-
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tioned problems linked to the design of gear pumps is
set out in "C. Bonacini, Sulla portata delle pompe ad in-
granaggi (On the efficiency of gear pumps), L'ingeg-
nere, 1961 n. 9".

[0006] The above-mentioned solutions of the prior art
have the common problem consisting in the noise of op-
eration caused by the instantaneous oscillations of the
output over time, better known as ripple noise. The
above-mentioned oscillations generate a pulsating
wave which, by way of the fluid, is transmitted to the
surroundings and, in particular, to the walls of the pump,
to the pipes and to the output ducts. The noise produced
can reach levels which are also unpredictable where the
above-mentioned members begin to resonate with the
frequency of oscillation or ripple.

[0007] In addition to this, the rotation of the gears
causes a periodic variation in the area of the inner face
17b of the bushings 15 that is exposed to the output
pressure. This variation determines oscillations in the
axial loads on the bushings, which contributes to an in-
crease in the noise of the pump, besides reducing the
total efficiency thereof. This oscillation of the axial loads,
which is normally of small magnitude in gear pumps hav-
ing straight teeth, becomes significantly greater in gear
pumps having helical teeth, in which the meshing be-
tween the gears is the cause of both mechanical and
hydraulic axial loads such that the balance and the tak-
ing-up of clearances on the bushings illustrated in Fig-
ures 1 and 2 is not completely satisfactory, since the hy-
draulic axial loads have perceptible pulses.

[0008] The objectofthe presentinventionis to provide
a positive-displacement rotary pump which overcomes
the disadvantages of the prior art and, in particular,
which substantially reduces the noise without resulting
in a substantial increase in the cost and complexity of
production in comparison with pumps of known type. A
further object of the invention is to provide a pump which
has good leak-tightness characteristics between the in-
take and output, which is simple and economic to pro-
duce and maintain and which has good reliability over
time.

[0009] In order to achieve the above-mentioned ob-
jects, the subject-matter of the invention is a positive-
displacement pump which comprises the features indi-
cated in the claims appended to the present description.
[0010] One advantage of the present invention con-
sists in that the axial position of the rotors is unambigu-
ously defined even in the event that they are subjected
to axial loads or pressures owing to mechanical contact
with the shell or portions thereof. In fact, it is known that,
in the running-in stages of pumps of known type, it is
accepted and desirable for there to be contact of por-
tions of the rotors with the shell so that the rotors remove
an extremely small layer of material until an individual
seat has been "scooped out", in such a manner that,
when the pump is used after the running-in operation,
the clearance between the teeth of the rotors and the
shell has minimal dimensions. This slight interference
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between the helical teeth of the rotors and the shell of
the pump produces additional axial loads on the rotors,
which mainly have an unknown value. The present in-
vention, by providing a fixed plane of reference, also en-
sures the correct positioning of the rotors in the initial
running-in stage of the pump, and even in the event of
interference between the rotors and the shell, when un-
known axial forces resulting from the above-mentioned
mechanical contact are added to the axial forces expect-
ed in normal operation of the pump.

[0011] Othercharacteristics and advantages of the in-
vention will become clear from the following detailed de-
scription which is given with reference to the appended
drawings which are provided purely by way of non-lim-
iting example and in which:

- Figures 1 and 2 illustrate, as described above, a
gear pump of known type,

- Figure 3 is a longitudinal section of a gear pump
according to the present invention, substantially
similar to Figure 1, in which identical reference nu-
merals identify corresponding elements,

- Figure 4 is a perspective view of a bushing set of
the pump in Figure 3,

- Figure 5 is a plan view of an intermediate plate of
the pump, taken in the plane of the line V-V in Figure
3,

- Figure6is aplan view of the front cover of the pump,
taken in the plane of the line VI-VI in Figure 3,

- Figure 7 is a top view of a variant of one of the two
components of a bushing set, configured to pro-
mote the hydrodynamic lubrication thereof, and

- Figure 8 is a cross-section, drawn to an enlarged
scale, taken on line VII-VIl in Figure 7, in which the
depth of the depressions or channels of the bushing
has been greatly increased for clarity of description.

[0012] Now with reference to Figure 3, a gear pump
20 comprises, as already described above with refer-
ence to the known pump in Figures 1 and 2, a shell 10
having an output opening and an intake opening for a
fluid, inside which are housed the driving gear 13 and
the driven gear 14. In the example in the Figure, the
gears 13 and 14 are of the cylindrical type having helical
teeth, but naturally the invention can also be used with
different gears, for example, a pair of straight spur
gears, similar to thatin the prior artillustrated in Figure 1.
[0013] The shell 10 is closed at the two ends by the
front cover 11 and the rear cover 12. The end 21 of the
shaft 23 of the driving gear 13 protrudes from the front
cover 11. For ease of illustration, the seals between the
shaft 23 and the front cover 11 have been omitted in
Figure 3. Inside the shell 10, the shafts 23 and 24 of the
gears 13 and 14, respectively, are supported by two
bushing sets, a front bushing set 15a and rear bushing
set 15b. Each of the bushing sets 15a and 15b can be
produced in one piece, as in the case of the known pump
in Figure 1, or preferably in two separate pieces 22a,
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22D, as illustrated in detail in Figure 4. This latter pre-
ferred solution is more economical and precise from the
point of view of production since it is easier to obtain
very high levels of working precision without any neces-
sity for resorting to special machine tools. Furthermore,
such a configuration of bushing sets minimizes the axial
output passages for fluid, in the region of the central
zones 27 of the bushing sets 15a, 15b which correspond
to the meshing zone of the gears 13, 14. Longitudinal
channels 25 are preferably, but not in a limiting manner,
provided on the two flanks of each bushing set 15a, 15b
and promote the distribution of the output pressure over
the flanks of the bushing sets so as to keep the two sep-
arate pieces 22a, 22b close together.

[0014] The bushing sets 15a, 15b, both in the one-
piece version and in the version produced by means of
separate pieces 22a, 22b, can preferably have passag-
es having variable width in order to allow the hydrody-
namic lubrication thereof. One embodiment is illustrated
in Figures 7 and 8, wherein the face 17b of each piece
22a, 22b of one or both of the bushing sets 15a, 15b has
depressions or channels 50 which extend in a radial di-
rection and whose profile-section is slightly concave in
a direction orthogonal to the radius of the piece 22a,
22b. A slightly deeper slot or channel 51 is preferably
provided in a substantially central position in respect of
each depression or channel 50 for better distribution of
the lubricating fluid. The behaviour in use of a pump with
bushing sets configured in this manner allows the per-
formance thereof to be further improved, especially dur-
ing use at high operating pressures.

[0015] At the end adjacent the rear cover 12, the
shafts 23, 24 react against a pair of check pins or bal-
ancing pistons 29, 30 which are mounted for axial sliding
in a close-fitting manner in respective axial housings 31,
32 which are provided in an intermediate plate 26. The
ends of the check pins 29, 30 that are remote from the
shafts 23, 24 are directed towards a common chamber
34 which is provided in the rear cover 12 and which, in
use, is preferably in communication with the output of
the rotary pump. In this manner, the pressurized fluid
which will occupy the chamber 34 acts on the check pins
29, 30 so as to oppose the axial load produced by the
gears 13, 14.

[0016] Asisvisiblein Figure 5, a groove 27 foraccom-
modating a seal 16 which is, for example, substantially
configured in an "omega"-like manner, is provided in the
face of the intermediate plate 26. An opening 28 is pro-
vided at the side of the plate that, when the pump is in
use, communicates with the intake A. The configuration
of the intermediate plate 26, which is similar to that of
the lower cover of the pumps of the prior art in Figures
1 and 2, allows, during use of the pump, a distribution
of output pressure M to be obtained over the outer face
17a of the rear bushing 15b which substantially affects
the area Py, indicated with hatching in Figure 5. This
area, as is known, is greater than the area of the inner
face 17b of the rear bushing 15b which is subjected to
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the output pressure, as long as the force differential ow-
ing to the pressure provides for the production of an axial
load on the rear bushing 15b directed towards the gears
13, 14, as indicated by arrow S' in Figure 3.

[0017] With reference now to Figure 6, the inner face
of the front cover 11, unlike the pumps of known type,
does not have the omega-like seal, and is instead pro-
vided with a large opening 36 which communicates with
the intake A of the pump. Two limbs 37 which commu-
nicate with the openings 38, 39 for housing the shafts
23, 24 of the gears 13, 14 extend from the opening 36.
This configuration of the face of the front cover 11 en-
sures that the outer face 17a of the front bushing 15a is
subjected only to the intake pressure, which affects, by
way of indication, the hatched area, which is denoted
Pyin in Figure 6. Since, however, a portion of the inner
face 17b of the same front bushing 15ais also subjected
to the output pressure, the pressure differential acts on
the front bushing 15a in a manner counter to that seen
previously for the rear bushing 15b, as long as during
use of the pump, the front bushing 15a, and in particular
the two pieces 22a, 22b thereof, are urged firmly against
the face of the front cover 11, as indicated by arrow S" in
Figure 3.

[0018] At all times during use of the pump, the pres-
sure applied to the shafts 23, 24 by the check pins 29,
30 is such that the gears 13, 14 are in turn thrust axially
onto the front bushing set 15a, as indicated by arrow S™'.
Consequently, the axial forces S', S" and S" which are
produced during the operation of the pump all act in the
same direction and contribute to keeping the gears 13,
14 and the front bushing set 15a and rear bushing set
15b as a whole in abutment with the reference plane,
indicated by line VI-VI in Figure 3, which is constituted
by the face of the front cover 11 that is directed towards
the inside of the shell 10.

[0019] In this manner, there is obtained a taking-up of
the axial clearances which is complete and constantly
defined in spite of the oscillation of the axial forces pro-
duced during the rotation and the meshing of the gears
13, 14.

[0020] As is visible in Figure 3, the check pins 29, 30
have different diameters in order to apply different axial
loads to the two gears 13, 14. This is because, in the
example of the Figure, the driving gear 13 and driven
gear 14 are of a helical type and therefore, during oper-
ation, produce per se axial loads whose direction is
counter to and in accordance with the direction of the
axial load applied by the check pins 29, 30. Naturally, in
the case of gears having straight teeth which do not pro-
duce per se axial loads, the check pins 29, 30 can have
substantially corresponding diameters so as to apply an
axial load of equal intensity to both of the gears.
[0021] Naturally, the principle of the invention remain-
ing the same, the forms of embodiment and details of
construction may be varied widely with respect to those
described and illustrated, without thereby departing
from the scope of the present invention.

10

15

20

25

30

35

40

45

50

55

Claims

1. Positive-displacement rotary pump comprising a
pair of meshing gears (13, 14) or rotors, consisting
of a driving gear and a driven gear, which are con-
tained in a shell (10) having an output opening and
an intake opening for a fluid, the gears (13, 14) com-
prising shafts (23, 24) which are supported by bush-
ings (15a, 15b) having two faces (17a, 17b) subject-
ed, in use, to pressures which bring about an axial
load (S', S") on the bushing itself, characterized in
that the resultant of the axial loads (S', S") on the
two bushings has a predetermined direction so as
to move the bushings (15a, 15b) and the gears (13,
14) as a whole into close abutment with a predeter-
mined reference plane (VI-VI).

2. Positive-displacement pump according to claim 1,
characterized in that the axial loads (S', S") on the
bushings (15a, 15b) always act in the same direc-
tion as one another towards the reference plane
(VI-VI).

3. Positive-displacement pump according to claim 1 or
2, characterized in that the gears (13, 14) are of
the type having helical teeth, the positive-displace-
ment pump comprising a system for compensating
for the loads, including axial load means (29, 30)
which act on the same end of each shaft (23, 24) of
the gears (13, 14), the axial load means (29, 30)
causing, in use, an axial load (S™) on the gears (13,
14) which prevails over the axial forces produced
by the meshing and having the same direction as
the resultant of the axial loads (S', S") on the bush-
ings (15a, 15b).

4. Positive-displacement pump according to claim 3,
characterized in that the axial load means com-
prise check pins or balancing pistons (29, 30) which
are mounted for axial sliding in a tight manner in
respective housings (31, 32) which are provided in
a plate (26) fixed to one of the two covers (11, 12)
of the shell (10) of the pump.

5. Positive-displacement pump according to claim 4,
characterized in that the ends of the check pins
(29, 30) press, at one side, on the ends of the shafts
(23, 24) of the gears (13, 14) and, at the other side,
are directed towards a common chamber (34) which
is provided in the cover (12) of the shell (10), the
common chamber (34) being in communication with
the output opening of the rotary pump.

6. Positive-displacement pump according to claim 2,
characterized in that the axial load means (29, 30)
have different dimensions so as to apply different
axial loads (S™) to each of the gears.
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Positive-displacement pump according to claims 3
and 6, characterized in that the check pins have
different diameters.

Positive-displacement pump according to any one
of the preceding claims, characterized in that at
least one bushing (15a, 15b) comprises at least two
separate pieces (22a, 22b), each of which is intend-
ed to support in rotation an end of one of the two
shafts (23, 24) of the gears (13, 14).

Positive-displacement pump according to claim 8,
characterized in that at least one longitudinal
channel (25) is provided on the flanks of each sep-
arate piece (22a, 22b) of the at least one bushing
(15a, 15b) and promotes the distribution of the out-
put pressure over the flanks of the bushing (15a,
15b), so as to keep the two separate pieces (22a,
22b) close together.

Positive-displacement pump according to claim 1,
characterized in that the outer face (17a) of one
(15a) of the two bushings is directed towards the
reference plane (VI-VI) and is affected only by the
intake pressure (Pyn)-

Positive-displacement pump according to claim 10,
characterized in that a portion (Pyx) of the outer
face (17a) of the other one (15b) of the two bushings
is affected by the output pressure (M), the portion
(Pymax) being separated from the remaining portion
of the outer face (17a), which is affected by the in-
take pressure (A), by a separating seal (16) which
is connected to a plate (26) directed towards the
outer face (17a) of the bushing (15b), in such a man-
ner that the resultant of the pressures on the outer
face (17a) of the bushing (15b) is constantly greater
than the resultant of the pressures acting on the in-
ner face (17b).

Positive-displacement pump according to claim 1,
characterized in that depressions or localized
channels (50) are provided on one (17b) of the two
faces of at least one of the bushings (15a, 15b) in
order to allow the hydrodynamic lubrication thereof.

Positive-displacement pump according to claim 12,
characterized in that the depressions or channels
extend radially over the face (17b) of the bushing,
the profile-section of each depression being slightly
concave in the direction orthogonal to the radius, a
slightly deeper slot or channel (51) being provided
in a substantially central zone of each depression
(50).
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