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(54) FLOW CONTROL VALVE

(57) The invention relates to a flow control valve (1)
adapted for use as a flow-dividing and flow-combining
valve in hydraulic devices, comprising:
- a valve body (2, 2’, 2") having a first longitudinally ex-
tending bore (20),
- an outer spool (3) slidably positioned within said bore
(20), said outer spool (3) having an axially extending pas-
sageway (30) therethrough,
- a pair of axially extending inner spools (4) slidably po-
sitioned within said passageway (30),

said valve body (2, 2’, 2") having a first port (21) and a
pair of second ports (22),

said outer spool (3) having at least a first opening (34)
communicating with the first port (21) and with the pas-
sageway (30), and at least two pairs (350) of second
openings therethrough.

According to the invention, at least one second open-
ing (35a) of each pair (350) is of non-constant longitudinal
section, said section narrowing from the outer face (36)
of the outer spool (3) on at least a part of the thickness
(t) of said second opening (35a), so that a lateral side of
said second opening (35a) offers an obstacle where a
part of the fluid flow entering said second opening (35a)
crashes before it enters the inner spool (4).



EP 3 051 147 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The invention relates to the technical field of the
flow control valves and more particularly to a flow control
valve capable of serving as a flow-dividing and flow-com-
bining valve for the synchronous operation of hydraulic
devices or equipments.

BACKGROUND OF THE INVENTION

[0002] A flow control valve serving alternatively as a
flow-dividing valve and as a flow-combining valve is al-
ready known from US 3 554 213.
[0003] This flow control valve comprises a valve body
which has a longitudinally extending bore for receiving
therein a longitudinally extending main spool, for sliding
motion. A coil spring urges the main spool to be posi-
tioned in the centre of the bore in said valve body.
[0004] Two subsidiary spools are disposed in end-to-
end relation in an axially extending passageway provided
in said main spool for sliding motion relative to each other.
[0005] The valve body has a first port connected to a
source of hydraulic fluid (serving alternatively as an inlet
and an outlet port) and a pair of second ports connected
to a hydraulic device and through which hydraulic fluid
can flow in one direction or in the reverse one.
[0006] Each of the subsidiary spools has a partition
wall with an orifice formed therein and a passage there-
through adapted to selectively register with one passage
of each of two pairs of passages formed in the main spool
and one formed in the valve body.
[0007] When the flow control valve operates in dividing
mode, the flow of hydraulic fluid introduced in the first
port flows inside the main spool where it is divided into
two streams into each subsidiary spool. As the fluid pass-
es through the orifice formed in the partition wall of said
subsidiary spool, the resistance offered by the orifices to
the fluid flow causes the subsidiary spools to move away
from each other. The hydraulic fluid flows through the
passage provided in the subsidiary spool and then in
through the passages provided in the main spool to be
discharged through the second ports of the valve body.
[0008] In case the pressures in the two second ports
are not equal then the main spool will move to the right
or to the left till the pressures inside the two subsidiary
spools are equalized. Then the main spool will come back
to its central position.
[0009] When the flow control valve operates in com-
bining mode, the flow of hydraulic fluid introduced in the
two second ports are combined inside the passageway
of the main spool before to be discharged through the
first port of the valve body. In this case, the two subsidiary
spools move towards each other.
[0010] Again, in case the pressures in the two second
ports are not equal then the main spool will move to the
right or to the left. The movement of the main spool (for

example the rightward movement), gradually reduces the
degree of opening of the right passage of the left pair of
passages provided in the main spool and increases the
difference of pressure between the left second port and
the fluid chamber of the left subsidiary spool. This results
in a reduction of pressure of fluid inside the left subsidiary
spool. When the pressure of hydraulic fluid introduced
into the fluid chamber of the left subsidiary spool through
the left port is lower than the pressure of hydraulic fluid
introduced into the fluid chamber of the right subsidiary
spool through the right port, then the main spool will move
to the left.
[0011] The rightward and leftward movements of the
main spool are alternatively repeated rapidly to maintain
the main spool in the normal central position.
[0012] However, such kind of flow control valve, in
combining mode and for high fluid flow rate has the dis-
advantage to be less accurate because of the oscillations
of the main spool.
[0013] Further, theoretically the pressure drop through
the orifices provided in each partition wall of said subsid-
iary spools should be independent from main spool axial
position. Nevertheless, because of high turbulent flow,
this is not always true.

SUMMARY OF THE INVENTION

[0014] Accordingly, the object of the present invention
is to avoid the previously mentioned drawbacks.
[0015] Thus, the invention relates to a flow control
valve adapted for use as a flow-dividing and flow-com-
bining valve in hydraulic devices, comprising:

- a valve body having a longitudinally extending bore
therethrough,

- an outer spool slidably positioned within said bore,
said outer spool having an axially extending pas-
sageway therethrough,

- return means which tend permanently to position
said outer spool centrally in the longitudinal direction
of said bore,

- a pair of axially extending inner spools slidably po-
sitioned within the passageway provided in said out-
er spool, each inner spool having an axially extend-
ing passageway therethrough,

said valve body having a first port therethrough and a
pair of second ports therethrough, said first port and sec-
ond ports communicating with the bore,
said outer spool having at least a first opening commu-
nicating at one end with the first port of said valve body
and at its other end with a central zone of said outer spool,
the outer spool also having at least two pairs of second
openings therethrough, one pair on each side of said first
opening, with the two second openings of each pair being
offset from one another in the longitudinal direction, so
that for each pair at least one of said second openings
is in communication with one of said second ports, de-
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pending on the axial position of the outer spool, in the
bore,
each inner spool having at least one opening therein ar-
ranged to be in register with one of the two second open-
ings of said outer spool, depending on the axial position
of said inner spool, for affording a flow path from the
passageway within said inner spool to the second port
in said valve body,
[0016] According to the invention at least one second
opening of each pair of two second openings of the outer
spool is of non-constant longitudinal section, said section
narrowing from the outer face of the outer spool on at
least a part of the thickness of said second opening, so
that a lateral side of said at least one second opening
offers an obstacle where a part of the fluid flow entering
said second opening from the second port crashes before
it comes into an axially extending passageway of the in-
ner spool.
[0017] According to other advantageous and non-lim-
iting features of the invention, taken alone or in combi-
nation:

• said second opening of non-constant section com-
prises a central drill and at least one peripheral blind
drill partially overlapping said central drill and open-
ing out only on the outer face of the outer spool, said
blind drill constituting said obstacle;

• said second opening of non-constant section com-
prises a central drill, a blind drill spaced apart from
said central drill and joined to it by a channel, the
blind drill and the channel opening out on the outer
face of the outer spool;

• at least one blind drill is disposed along or close to
the diametrical axis of the central drill which is parallel
to the longitudinal axis of the outer spool and on the
side of the central drill which is the nearest of the
end of the outer spool;

• the lateral wall of said second opening of non-con-
stant section is divergent from the inner face of the
outer spool to its outer face;

• said second opening of non-constant longitudinal
section comprises a central drill provided with a
counter bore opening out on the outer face of the
outer spool;

• the second opening of non-constant longitudinal
section of the outer spool has an area at the outer
face of the outer spool greater than its area at the
inner face of said outer spool;

• each inner spool is provided with a partition wall ex-
tending transversally across the passageway there-
through and this partition wall is provided with at least
one hole therethrough, this hole affording communi-
cation between the central zone of said outer spool
and the passageway therethrough of the inner spool;

• the partition wall comprises a central hole extending
along the longitudinal axis of said inner spool and/or
at least one peripheral hole extending parallel to this
longitudinal axis (X-X’);

• a partition element is disposed inside the central
zone of the outer spool in front of the at least one
first opening to separate the flow of hydraulic liquid
circulating inside the flow control valve into two flows;

• the partition element is a portion of tube inserted in
coaxial relationship with and inside the passageway
of said outer spool, the tube being provided with a
plane partition wall extending in a plane transversely
bisecting said tube, and the tube being provided with
at least one aperture on both sides of said wall, the
aperture opening in front of the opening provided in
the outer spool;

• the partition element is a portion of tube inserted in
coaxial relationship with and inside the passageway
of said outer spool, the tube being provided with a
partition wall extending in a plane transversely bi-
secting said tube, and the tube being provided with
at least one aperture on both sides of said wall, the
apertures opening in front of the opening provided
in the outer spool, said partition wall being provided
with two cones disposed on the partition wall such
that their respective basis are in contact with said
partition wall;

• the flow control valve comprises an additional by-
pass spool;

• said by-pass spool is in coaxial relationship with the
outer spool and is mounted outside of said outer
spool and inside the first bore of the valve body, said
by-pass spool being slidably positionable within said
bore; and

• said by-pass spool is slidably positioned within an
additional longitudinally extending bore provided in
said valve body parallel to said first bore of the valve
body,

• the valve comprises a control spool slidably mounted
inside a second bore of the valve body, parallel to
the first bore receiving the by-pass spool, the first
bore and the second bore being connected by at
least one connecting port,

• said control spool is moveable between a so-called
"activation" position in which it connects the two sec-
ond ports therethrough of the valve body to a hy-
draulic pump of said hydraulic device and a so-called
"deactivation" position in which it connects the two
second ports therethrough of the valve body to a tank
of hydraulic fluid of said hydraulic device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Additional objects as well as features and ad-
vantages of the invention will become apparent from the
description set forth hereunder when considered in con-
junction with the accompanying drawings, which repre-
sent several possible embodiments. On these drawings:

- Figures 1 and 2 are longitudinal sectional views of
the flow control valve according to the invention, in
flow combining mode, with the outer spool respec-
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tively in central position or in offset position,
- Figure 3 is a longitudinal sectional view of the outer

spool of the flow control valve according to the in-
vention,

- Figure 4 is a perspective view of a part of the outer
spool of figure 3,

- Figure 5 is a partial longitudinal sectional view of the
flow control valve of figure 1, at a greater scale,

- Figures 6 to 20 are schematic top views or sectional
views of through openings of different shapes pro-
vided inside the outer spool of the flow control valve
according to the invention,

- Figures 21 and 22 are respectively a longitudinal
sectional view and a perspective view of a partition
element configured to be disposed inside the pas-
sageway provided inside the outer spool,

- Figure 23 is a perspective view of a second embod-
iment of the partition element,

- Figures 24 and 25 are circuit diagrams representing
the flow control valve of Figure 26 in two different
positions of the by-pass spool,

- Figure 26 is a longitudinal sectional view of a second
embodiment of the flow control valve according to
the invention, which comprises a by-pass spool,

- Figures 27 is a diagram showing pressure differenc-
es ΔP between two different points of a flow control
valve according to the prior art against the flow rate
FR of hydraulic fluid flowing inside and this, for two
boundary outer spool axial movements (two curves),

- Figure 28 is a similar diagram for a flow control valve
according to the invention,

- Figure 29 is a perspective view of half of a variant
embodiment of an inner spool according to a longi-
tudinal sectional plane,

- Figure 30 is a view similar to figure 29 but showing
another variant embodiment of an inner spool,

- Figure 31 is a hydraulic circuit diagram showing the
flow control valve of figure 32, and

- Figure 32 is a view in longitudinal section of a third
embodiment of the flow control valve according to
the invention, which comprises a control spool.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0019] The structure of the flow control valve 1 accord-
ing to one possible embodiment of the present invention
will now be explained with reference to Figures 1 to 3.
[0020] It is to be noted that the elements making up
the flow control valve of this invention are arranged sym-
metrically on the left and right sides of the valve. In other
words, the flow control valve 1 comprises a plane of sym-
metry P1 represented by the line Y-Y’ on the Figures 1
and 2.
[0021] The flow control valve 1 comprises a valve body
2 provided with a central tubular bore 20 (so-called "first
bore") extending longitudinally along an axis X-X’.
[0022] The valve body 2 is provided with a first through
port 21 and a pair of second through ports 22.

[0023] The first port 21 extends along an axis Y-Y’ per-
pendicular to the longitudinal axis X-X’.
[0024] The first port 21 ends in an annular groove 23
provided on the inside face of the bore 20.
[0025] Thus, the first port 21 is in fluid communication
at one end with the outside of the valve body 2 where it
can be connected to a hydraulic device and at its other
end with the inside of the bore 20, more precisely with
the annular groove 23.
[0026] Preferably, each of said second ports 22 is ax-
ially positioned between the first port 21 and one end of
the valve body 2. Said second ports 22 extend along
longitudinal axis Y1-Y’1 and Y2-Y’2 respectively, parallel
to the axis Y-Y’.
[0027] Each second port 22 ends at one end at the
outside of the valve body 2 and at its other end in an
annular groove 24 provided on the inner face of the bore
20.
[0028] Each second port 22 is configured to be able to
be connected to a hydraulic device.
[0029] Both ends of the bore 20 are blocked by a cover
25 attached to said valve body 2. An O-ring 26 is mounted
in said cover 25 for providing a seal to the valve body 2
and preventing leakage of hydraulic fluid. Also, each cov-
er 25 is provided with a recess 250 on its inner face, i.e.
the face facing the bore 20.
[0030] An outer spool 3 of tubular shape is coaxially
disposed within the bore 20.
[0031] The outer diameter of the outer spool 3 corre-
sponds, within a clearance, to the inner diameter of the
bore 20, so that the outer spool 3 can slide inside said
first bore 20.
[0032] The passageway inside the outer spool 3 is ref-
erenced 30.
[0033] Return means 31 tend permanently to position
said outer spool 3 centrally in the longitudinal direction
of said bore 20.
[0034] Preferably, said return means 31 are a com-
pression coil spring one end of which is retained (fixed)
in the recess 250 and the other end of which is retained
(fixed) in an annular inner groove 38 provided on the
inner face 37 of the outer spool 3, (see figure 3).
[0035] As can be best seen on Figure 3, the outer spool
3 has at least a first opening 34 communicating at one
end with the first port 21 or more precisely with the annular
groove 23 provided inside the bore 20 and at its other
end, with a central zone 32 inside the passageway 30.
More preferably, said outer spool 3 is provided with two
openings 34 diametrically disposed or with four openings,
as represented on the drawings.
[0036] Said outer spool 3 has also at least two pairs
350 of second openings therethrough, one pair 350 on
each side of said first opening 34. In each pair 350, the
two second openings 35a, 35b are offset from one an-
other in the longitudinal direction of the outer spool 3.
Further, and as can be seen on Figure 3, the second
openings 35a, 35b of each pair are preferably angularly
offset.
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[0037] In each pair 350, the second opening which is
the closest to the ends of the outer spool 3 is referenced
35b whereas the one which is the closest of the central
area 32 is referenced 35a.
[0038] Preferably, on each side (left and right) of said
first opening 34, the outer spool 3 is provided with two
pairs 350 of diametrically disposed second openings 35a,
35b and more preferably, as represented on Figure 3,
with four pairs of second openings disposed at 90 de-
grees one from the other, i.e. a total of eight pairs 350 of
second openings.
[0039] The particular shape of said second openings
will be described more precisely later.
[0040] Two annular grooves 39 are provided on the
inner face 37 of the outer spool 3. Their role will be de-
scribed later.
[0041] As can be seen in figures 1 and 2, the flow con-
trol valve 1 according to the invention also comprises a
pair of axially extending inner spools 4 slidably positioned
within the passageway 30 provided in said outer spool
3. The two inner spools 4 are respectively positioned on
both sides of the central zone 32 provided inside the pas-
sageway 30.
[0042] Each inner spool 4 has a tubular shape with an
axially extending passageway 40 therethrough.
[0043] Preferably, each inner spool 4 is provided with
a partition wall 41 extending transversally across said
passageway 40, preferably at the end of the inner spool
4 located near the central zone 32.
[0044] Each inner spool 4 is coaxial with the outer spool
3. According to a first variant embodiment, the partition
wall 41 is provided with a hole 410 therethrough, extend-
ing along the longitudinal axis X-X’ for affording commu-
nication between the central zone 32 and the axially ex-
tending passageway 40 of said inner spool 4.
[0045] According to a second variant embodiment, il-
lustrated in figure 29, the partition wall 41 is pierced by
a central hole 410 coaxial to the longitudinal axis X-X’ of
the inner spool 4 and by several peripheral holes 410’
arranged around the central hole 410 such that they ex-
tend parallel to the axis X-X’. In the variant of figure 29,
there are six of these peripheral holes 410’, (four only
being visible in the figure in section). But this number is
not limited. The peripheral holes 410’ are preferably ar-
ranged symmetrically relative to the central hole 410.
[0046] According to a third variant embodiment illus-
trated in figure 30, the partition wall 41 comprises several
peripheral holes 410’, preferably at least two, arranged
preferably symmetrically relative to the axis X-X’, but no
central hole 410.
[0047] The fact of having several holes 410, 410’ in-
stead of one enables especially:

- having a drop in pressure through the partition wall
41 which is independent of the axial displacement
of the inner spool 4, including in combining mode,
corresponding to better precision of the control valve,

- decreasing the "transition distance" after passing

through the holes 410, 410’, in which the speed of
the fluid decreases,

- decreasing turbulence after passing through the
holes 410, 410’, especially in combining mode, es-
pecially preventing the creation of recirculation
zones.

[0048] Each inner spool 4 has at least one through
opening 42 arranged therein in the lateral wall of said
inner spool 4. Preferably, each inner spool 4 has at least
two openings 42 diametrically disposed and more pref-
erably four openings 42, as represented on Figures 1
and 2, (disposed at 90° from each other).
[0049] Each inner spool 4 is also provided with a plug
43 which blocks its end opposite the partition wall 41.
[0050] Preferably, snap rings 33 are disposed inside
the grooves 38, 39 of the outer spool 3. They constitute
means for limiting the extent of movement of each inner
spool 4 in the longitudinal direction within the passage-
way 30 in said outer spool 3.
[0051] The openings 42 are arranged inside each inner
spool 4 to be in register with one of the second openings
35a, 35b of said outer spool 3, depending on the axial
position of the inner spool 4, for affording a flow pass
from the passageway 40 to the second port 22 provided
in said valve body 2.
[0052] Advantageously, a partition element 5 or 5’ is
disposed inside the central zone 32 of the outer spool 3,
in front of the first openings 34 and between each inner
spool 4.
[0053] The function of this partition element will be de-
scribed later. This partition element 5, 5’ may also act to
limit the extent of movement of each inner spool 4.
[0054] All the elements constituting the flow control
valve 1 are preferably made of metal or plastic material.
[0055] A first embodiment of the partition element (ref-
erenced 5) will now be described with reference to the
Figures 21 and 22. The partition element 5 is a portion
of tube 50, i.e. a tube of small length. The tube 50 is
provided with a plane partition wall 51 of circular shape
extending in a plane transversally bisecting said tube 50.
Further the tube 50 is provided on both sides of the wall
51 with at least one through aperture 52, preferably sev-
eral apertures 52, for example four apertures, of large
dimensions, as in the example represented on Figure 22.
[0056] A second embodiment of the partition element,
referenced 5’, will now be described with reference to the
Figure 23.
[0057] The partition element 5’ differs from the partition
element 5 in that the partition wall referenced 51’ is pro-
vided with two cones 53, disposed on the partition wall
51’ such that their respective bases are in contact with
said partition wall 51. In other words, the tip 530 of each
cone 53 is oriented towards one of the inner spool 4.
[0058] As can be seen on Figures 1 and 2, the tube 50
is inserted in a coaxial relationship with the inside pas-
sageway 30 of the outer spool 3 such that the plane of
the partition wall 51 is coplanar with the plane P1 of the
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valve body 2.
[0059] The partition elements 5 or 5’ act as a splitting
element when the flow control valve 1 works in dividing
mode. The stream of hydraulic fluid enters the first port
21 and the groove 23 and then enters the central space
32 through the first openings 34. Since the partition wall
51 is disposed in the plane of symmetry P1 of the flow
control valve, the stream (flow) of hydraulic fluid is per-
fectly divided into two flows which are directed toward
the hole(s) 410 of each inner spool 4.
[0060] To the contrary, in combining mode, the two
flows of hydraulic fluid issuing from each inner spool 4
impact the partition wall 51 or the cones 53 on both sides
and are then directed towards the set of first openings
34, therefore preventing that stagnation pressure from
one side flow exerts an influence on the flow from the
other side.
[0061] The cones 53 promote deflection of the flow
from one direction to the perpendicular direction.
[0062] In dividing mode, the pressure differential be-
tween both sides of the partition wall 41 and the resist-
ance offered by the holes 410 to the fluid causes the two
inner spools 4 to move away from each other in the di-
rection of the cover 25. In this position, not represented
on the Figures, the opening 42 of each inner spool 4 is
in register with the second opening 35b of each pair 350
of openings.
[0063] To the contrary, in combining mode, the pres-
sure differential across the inner spools 4 forces them
against each other, in the position represented on Fig-
ures 1 and 2. In this position, the opening 42 registers
respectively with the second opening 35a.
[0064] According to the invention, at least one opening
35a on each side of the first opening(s) 34 and preferably
all the openings 35a of the outer spool 3 have a non-
constant longitudinal section, said section narrowing
from the outer face 36 of the outer spool 3 on at least a
part of the thickness t of said second opening 35a (which
corresponds to the thickness of the wall of the outer spool
3), so that a lateral side of said at least one second open-
ing 35a offers an obstacle where a part of the fluid flow
entering said second opening 35a from one of the second
port 22 crashes before it comes into the axially extend
passageway 40 of the inner spool 4.
[0065] A first embodiment of the second opening 35a
will now be described in reference with the Figures 3 to
7. Said second opening 35a comprises a central drill 351
provided through all the thickness t of the outer spool 3
and at least one peripheral blind drill 352 partially over-
lapping said central drill 351 and opening out only on the
outer face 36 of the outer spool 3.
[0066] As already explained before in relation with the
prior art flow control valve, when a flow control valve op-
erates in combining mode, and if the pressures in the two
second ports 22 are not equal, then the outer spool 3 will
move to the right or to the left to equilibrate the pressure
of hydraulic fluid introduced into the central space 32 and
thereafter in the first port 21. Thereafter, when the pres-

sure is equilibrated, the outer spool comes back to the
central position represented in figure 1.
[0067] When the outer spool 3 is in the position repre-
sented on Figure 2, wherein it is on the right side of the
flow control valve, the second openings 35a of the right
side of the outer spool 3 are in register with the right
second port 22 or the corresponding annular groove 24.
To the contrary, the second opening 35a located on the
left side of the outer spool 3 is only partly in register with
the left hand second port 22 of the valve body 2.
[0068] When the outer spool 3 moves back to the left,
it get through an operating position represented on Figure
5 where only the peripheral blind drill 352 starts to register
with the second port 22 of the left side of the valve body 2.
[0069] In this situation, and as represented on Figure
5, the entering flow issuing from the second port 22 (arrow
i) impacts on the bottom 353 of the blind drill 352, before
to impact the inner face of the bore 20 (arrow j) and then
to be sent back (arrow k) toward the hole 410 of the inner
spool 4. The same applies if there are several holes 410,
410’.
[0070] With this structure and the creation of an obsta-
cle (bottom 353), the turbulences inside the inner spool
4 are avoided because the entering flow do not enter the
passageway 40 too abruptly, or at least is less dependent
from the outer spool axial displacement.
[0071] Other shapes of second openings 35a will now
be described in relation with Figures 8 to 20.
[0072] The bottom 353 of the blind drill 352 may be
perpendicular to the longitudinal axis Y3-Y’3 of the cen-
tral drill 351, as represented on Figure 7.
[0073] However, the bottom 353 of the blind drill 352
can be tilted toward the central drill 351 and the inner
face 37, (as represented on Figure 8) or tilted toward the
central drill 351 and the outer face 36 of the outer spool
3, as represented on Figure 10. Further, the bottom 353
can also be curved, its concavity directed towards the
outer face 36 of the outer spool 3. The shape of the blind
drill 352 may be a part of a circle, as represented on
Figures 6 and 11, of the same diameter as the central
drill 351, as represented on Figure 11, or of a smaller
diameter, as represented on Figure 6.
[0074] The blind drill 352 may be also have a shape of
a part of a ring as represented on Figure 12.
[0075] Further, it is also possible to have several blind
drills 352, either of smaller and smaller diameters from
the central drill 351 to the outside, as represented on
Figure 13 or disposed separately as represented on Fig-
ure 16.
[0076] When there are several blind drills 352, they
can be of the same depth, as represented on Figure 14
or of different depths as represented on Figure 15. In this
case, the outermost blind drill 352 is of lower depth than
the middle blind drill 352.
[0077] The second opening 35a can also comprise a
central drill 351 and a counter bore 353 surrounding said
central drill, as represented on Figure 17.
[0078] As represented on Figures 18 and 19, the sec-
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ond opening 35a can comprise a central drill 351 and a
blind drill 354 spaced a part from the central drill 351 and
joined to it by a channel 355 opening out on the outer
face 36 of the outer spool 3. The blind drill 354 and the
channel 355 may be of same or different depths.
[0079] Further, the bottom 353 of the blind drills 352
or 354 can also be tilted or curved as previously described
or be conical.
[0080] Finally, and as represented on Figure 20, the
second opening 35a can have a lateral wall 356 divergent
from the inner face 37 of the outer spool to its outer face
36.
[0081] In respect of the embodiment of the shape of
the second opening 35a, it has to be noted that the ele-
ments (blind drill, groove or biased wall) which constitute
the obstacle are disposed or formed along the diametric
axis of the central drill 351 which is parallel to the axis X-
X’ or close to it and on the side of the central drill 351
which is directed toward the ends of the outer spool 3.
In other words, and as can be seen on Figure 3, the ob-
stacle element, as the blind drill 352, is provided on the
left side of the left second opening or on the right side of
the right second opening.
[0082] The effects of specific shapes of the second
opening 35a on the stream of hydraulic fluid will be de-
scribed later.
[0083] In all the previously described embodiments,
the area of the second opening 35a is greater at the outer
face 36 of the outer spool 3 than its area at the inner face
37 of said outer spool. Nevertheless, the second opening
35a could diverge toward the inner face 37 after the area
of the obstacle.
[0084] Further, it is to be noted that the second open-
ings 35b could have the same shape as the second open-
ings 35a. Nevertheless, it is not absolutely necessary
because these second openings are used only in dividing
mode and because the problems of turbulences and loss
of accuracy of the valve appears only in combining mode.
[0085] The flow control valve of the invention can be
used alone, as previously described or can also be used
in combination with an additional by-pass spool.
[0086] Such a by-pass spool allows using the flow-di-
viding and flow-combining valve according to the inven-
tion or by-passing it.
[0087] According to a first embodiment of the invention
represented on Figure 26, the by-pass spool 6 is dis-
posed inside the bore 20 and outside the outer spool 3
in coaxial relationship with said bore and said outer spool.
Thus, the by-pass spool 6 extends along the longitudinal
axis X-X’. This embodiment of the flow control valve is
referenced 1’.
[0088] The by-pass spool 6 has an axially extending
passageway 60 therethrough.
[0089] The outer ends of the two compression helicoi-
dal springs 31 are no more received in the recess 250 of
the cover 25 as in the valve 1 but in plugs 61 inserted
respectively at both ends of the passageway of the by-
pass spool 6.

[0090] O-rings 62 are mounted between the outside
annular face of the plugs 61 and the inner cylindrical face
of the passageway 60 of the by-pass spool 6 for providing
tightness of the by-pass spool 6.
[0091] The valve body is referenced 2’ and differs from
the valve body 2 by the fact that an annular groove 27
opening out inside the first bore 20 is provided between
the annular groove 23 and each annular groove 24, to
put said grooves into fluid communication. The grooves
27 are less deep than the grooves 23 and 24.
[0092] The by-pass spool 6 of tubular shape presents
an inner cylindrical face 63 and an outer cylindrical face
64.
[0093] The by-pass spool 6 presents in its central area
an annular groove 65 opening out inside the passageway
60. Said annular groove 65 is perpendicular to the axis
X-X’. Further, the by-pass spool 6 comprises at least one
through opening 650 affording communication between
the bottom of the inner groove 65 and the outer face 64
of the by-pass spool 6.
[0094] The by-pass spool 6 also comprises at least one
through opening 660, (preferably two or four through
openings regularly and angularly distributed), on each
side of the opening 650. These openings 660 communi-
cate at one end with the annular groove 66 and at the
other end with the annular grooves 24. Moreover, the
outer face 64 of the by-pass spool 6 is provided with two
annular grooves 640 of X-X’ axis, each of said annular
groove 640 being located between the central opening
650 and one of the lateral openings 660.
[0095] The by-pass spool 6 is provided with return
means, in this case a compression helical spring 67.
[0096] The bore 20 of the valve body 2’ is closed at its
both ends by a cover 28 (on the left side of Figure 26)
and a cover 29 (on the right side of Figure 26). O-rings
280, 290 are mounted respectively between the covers
28, 29 and the valve body 2’ to ensure the tightness of
the bore 20. The cover 29 comprises an annular inner
passageway 291 for receiving the spring 67.
[0097] The spring 67 tends permanently to position
said by-pass spool 6 in a "by-pass position" represented
on Figures 24 and 26, i.e. a position where the end of
the by-pass spool 6 opposite to the spring 67 abuts
against the cover 28.
[0098] The by-pass spool 6 can be displaced by signal
pressure on x port (see figures 24 and 25) against the
return force of the spring 67, slightly on the right side of
Figure 26 to be put in a "working position" represented
on Figure 25.
[0099] In both positions of the by-pass spool 6, the
openings 660 are in register with the annular grooves 24
and the central opening 650 is in register with the central
annular groove 23.
[0100] In the "by-pass position" represented on Figure
26, the two annular grooves 640 are respectively in reg-
ister with the two annular grooves 27 provided inside the
valve body 2’. In this case, the flow of hydraulic fluid en-
tering the first port 21 is directed toward the annular
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grooves 24 via the annular grooves 23 and 27 and then
toward the two ports 22, therefore by-passing the outer
spool 3 and the two inner spools 4.
[0101] To the contrary, when the by-pass spool 6 is in
"working position", with the spring 67 in compressed state
and the spool 6 shifted toward the right, then the parts
of the outer face 64 of the by-pass spool 6 located near
the right side of the left opening 660 and near the right
side of the central opening 650 are in register with the
bottom of the annular grooves 27, therefore closing the
fluid communication between the annular groove 23 and
the two annular grooves 24. In this position, and as rep-
resented on Figure 25, the flow of hydraulic fluid is di-
rected toward the outer spool 3 and the two inner spools
4. In this case the flow control valve works in flow-dividing
mode and in flow-combining mode as previously de-
scribed.
[0102] In a second embodiment not represented on
the figures, the outer spool 6 can be disposed inside an
additional longitudinally extending bore, provided in the
valve body 2’, parallel to said first bore 20.
[0103] In the "by-pass position", said by-pass spool is
positioned inside the additional bore to send the hydraulic
fluid directly towards the port 22. To the contrary, in its
"working position", the by-pass spool leads the flow of
hydraulic fluid in the first port 21 and the flow-control valve
works as explained with the valve 1 of figures 1 and 2.
[0104] The flow control valve 1’ provided with a by-
pass spool 6 coaxial to the outer spool 3 and which has
been described in conjunction with figure 26 can also be
used, coupled to an additional control spool 7. The whole
constitutes a flow control valve referenced 1" and illus-
trated in figure 32.
[0105] The fact of having assembly with the concentric
dividing and by-pass spools, such as illustrated in figure
26, heightens the compactness and consequently easily
adds a third spool in parallel into the same body to obtain
three different functions.
[0106] The upper part of the valve 1" in figure 32 is
identical to the valve 1’ described in conjunction with fig-
ure 26 and the same reference numerals are used to
designate identical elements. Only the lower part will be
described in more detail. The valve body is referenced 2".
[0107] The control spool 7 is a cylindrical element sli-
dably mounted inside a second cylindrical bore 20’, ar-
ranged inside the valve body 2".
[0108] The control spool 7 illustrated is a so-called
"freewheeling" spool. This spool 7 could be any other
spool, such as especially a front step/rear step selection
spool.
[0109] The second bore 20’ extends according to a lon-
gitudinal axis X1-X’1 parallel to the longitudinal axis X-
X’ of the first bore 20.
[0110] These two bores 20 and 20’ are connected to-
gether by at least one connecting port 80 which extends
preferably according to the axis Y-Y’.
[0111] The connecting port 80 opens out both in an
annular groove 81 made on the inner wall of the second

bore 20’ and also in the annular groove 23.
[0112] The valve body 2" also comprises two annular
grooves on either side of the annular groove 81. These
annular grooves are referenced respectively 82 and 83
for those located to the left in figure 32, 84 and 85 for
those located to the right. Finally, a third annular groove
86, narrower than the others, is made to the right of the
groove 85. All these annular grooves open out inside the
bore 20’.
[0113] The annular grooves 82, 83, 84 and 85 are each
respectively connected to orifices opening out outside
the valve body 2’ and not visible in figure 32.
[0114] The control spool 7 comprises an axial central
channel 70 from one of its ends and over part of its length.
[0115] The control spool 7 also has over its outer sur-
face three annular grooves referenced successively from
left to right 71, 72 and 73.
[0116] The annular grooves 71 and 73 are in fluid com-
munication with the central channel 70 via lumens refer-
enced respectively 74 and 75.
[0117] Finally, the central channel 70 is connected to
its cylindrical outer wall by at least one lumen 76.
[0118] The control spool 7 has at one of its ends, here
to the right in figure 32, a cylindrical head 77, of lesser
diameter, around which is arranged a helicoidal compres-
sion spring 78. This spring 78 is retained at one of its
ends by the spool 7 and at the other by a hollow cover 29’.
[0119] The channel 70 opens out at the opposite end
of the head 77 and is blocked by a stopper 79.
[0120] Moreover, the bore 20’ is also blocked by a cov-
er 28’.
[0121] The helicoidal spring 78 constitutes return
means which permanently tend to return the control spool
7 to a so-called "deactivation" position which is that illus-
trated in figure 32.
[0122] In this deactivation position the annular grooves
83 and 85 (and also the ports therethrough facing the
outside to which they are connected), are insulated from
the connecting port 80. Also, the annular groove 73 is
located facing the connecting port 80 and the annular
groove 84. As a consequence, the orifice 80 is in fluid
communication with the groove 84 and via the lumen 75
with the channel 70 and with the annular groove 82.
[0123] The control spool 7 can be moved against the
force exerted by the spring 78, by introduction of hydraulic
fluid at the end of the bore 20’ located facing the cover
28’. It moves to the right in figure 32 to occupy a so-called
"activation" position.
[0124] In this activation position, the connecting port
80 is in fluid connection with the annular groove 83 and
the port therethrough towards the outside to which it is
connected. Also, the annular groove 84 is in fluid con-
nection with the annular groove 85 via the annular groove
73 of the control spool 7.
[0125] Figure 31 shows an example of application of
the flow control valve 1", given purely by way of illustra-
tion. This application relates to hydraulic assistance of
vehicle wheels.
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[0126] In this case, two hydraulic motors M1 and M2
are attached respectively to two vehicle wheels, the latter
not being illustrated in the figures. Each of these hydraulic
motors is connected both to one of the second ports 22
therethrough and also to a port joining the annular groove
84.
[0127] Also, a pump P of the hydraulic control circuit
of these motors is attached both to the port opening out
in the annular groove 83 and also to that opening out in
the annular groove 85. Finally, the annular groove 82 is
attached to a tank R of hydraulic fluid.
[0128] The spool 7 is called "freewheeling" spool of the
hydraulic motors, (of course, it could be any other spool,
such as especially a front/rear step selection spool).
[0129] The above hydraulic device creates hydraulic
assistance for vehicle wheels or on the contrary places
these wheels in freewheeling operating mode when the
control spool is in the deactivated position.
[0130] This type of assembly combines three different
functions in the same valve body 2", here the flow divid-
er/combiner function, the by-pass function of the divid-
er/combiner and the freewheeling function of the motors.
[0131] Such a type of assembly is advantageous as it
has several spools in the same body and avoids making
and machining two separate bodies and connecting them
by pipes.
[0132] Even though this has not been illustrated in the
figures, it is also possible to make a flow control valve
coupling the above control spool 7 with the variant em-
bodiment of the control valve in which the by-pass spool
6 is placed in an additional bore separate from the first
bore 20. In this case, there are three parallel bores.

TESTS

[0133] Tests were conducted to register the pressure
differences ΔP between the left end of the bore 20 sur-
rounding the spring 31 and the port 21 as a function of
different flow rates FR of hydraulic fluid inside a flow con-
trol valve according to the prior art when this valve oper-
ates in combining mode.
[0134] The results are represented in figure 27, where
ΔP is expressed in 105 Pascals and the flow rate FR in
liter per minute. The curve A represents the results ob-
tained when the outer spool is in middle (central) position
and the curve B the results obtained when the outer spool
is moved on right.
[0135] As can be seen, the two curves do not overlap.
[0136] Similar tests have been conducted with a flow
control valve according to the invention such as the one
represented in figures 1 and 2.
[0137] The results are shown in figure 28, where the
curve C represents the results obtained when the outer
spool 3 is in the middle position (see figure 1) and the
curve D the results obtained when the outer spool 3 is
moved on right (see figure 2).
[0138] As can be seen, the two curves nearly com-
pletely overlap, which means that there is less oscilla-

tions of the outer spool 3 and that the accuracy of the
valve according to the invention is better.
[0139] Finally, measurements have also been done
with the two aforementioned flow control valves but in
dividing mode. The obtained results showed that the flow
control valve according to the invention acted like the
flow control valve of the prior art, which means that the
amendments done on the second openings 35a have no
negative influence in dividing mode.

Claims

1. A flow control valve (1, 1’, 1") adapted for use as a
flow-dividing and flow-combining valve in hydraulic
devices, comprising:

- a valve body (2, 2’, 2") having a first longitudi-
nally extending bore (20) therethrough,
- an outer spool (3) slidably positioned within
said bore (20), said outer spool (3) having an
axially extending passageway (30) there-
through,
- return means (31) which tend permanently to
position said outer spool (3) centrally in the lon-
gitudinal direction of said bore (20),
- a pair of axially extending inner spools (4) sli-
dably positioned within the passageway (30)
provided in said outer spool, each inner spool
(4) having an axially extending passageway (40)
therethrough,

said valve body (2, 2’, 2") having a first port (21)
therethrough and a pair of second ports (22) there-
through, said first port (21) and second ports (22)
communicating with the first bore (20),
said outer spool (3) having at least a first opening
(34) communicating at one end with the first port (21)
of said valve body (2, 2’, 2") and at its other end with
a central zone (32) of said outer spool (3), the outer
spool (3) also having at least two pairs (350) of sec-
ond openings (35a, 35b) therethrough, one pair
(350) on each side of said first opening (34), with the
two second openings (35a, 35b) of each pair (350)
being offset from one another in the longitudinal di-
rection, so that for each pair (350) at least one of
said second openings (35a, 35b) is in communica-
tion with one of said second ports (22), depending
on the axial position of the outer spool (3), in the first
bore (20),
each inner spool (4) having at least one opening (42)
therein arranged to be in register with one of the two
second openings (35a, 35b) of said outer spool (3),
depending on the axial position of said inner spool
(4), for affording a flow path from the passageway
(40) within said inner spool (4) to the second port
(22) in said valve body (2, 2’, 2"),
characterized in that at least one second opening

15 16 



EP 3 051 147 A1

10

5

10

15

20

25

30

35

40

45

50

55

(35a) of each pair (350) of two second openings (35a,
35b) of the outer spool (3) is of non-constant longi-
tudinal section, said section narrowing from the outer
face (36) of the outer spool (3) on at least a part of
the thickness (t) of said second opening (35a), so
that a lateral side (352, 353, 354, 355, 356) of said
at least one second opening (35a) offers an obstacle
where a part of the fluid flow entering said second
opening (35a) from the second port (22) crashes be-
fore it comes into an axially extending passageway
(40) of the inner spool (4).

2. A flow control valve (1, 1’, 1") according to claim 1,
characterized in that said second opening (35a) of
non-constant section comprises a central drill (351)
and at least one peripheral blind drill (352) partially
overlapping said central drill (351) and opening out
only on the outer face (36) of the outer spool (3), said
blind drill (352) constituting said obstacle.

3. A flow control valve (1, 1’, 1") according to claim 1,
characterized in that said second opening (35a) of
non-constant section comprises a central drill (351),
a blind drill (354) spaced apart from said central drill
(351) and joined to it by a channel (355), the blind
drill (354) and the channel (355) opening out on the
outer face (36) of the outer spool (3).

4. A flow control valve (1, 1’, 1") according to claim 2
or claim 3, characterized in that the at least one
blind drill (352, 354) is disposed along or close to the
diametrical axis of the central drill (351) which is par-
allel to the longitudinal axis (X-X’) of the outer spool
(3) and on the side of the central drill (351) which is
the nearest of the end of the outer spool (3).

5. A flow control valve (1, 1’, 1") according to claim 1,
characterized in that the lateral wall (356) of said
second opening (35a) of non-constant section is di-
vergent from the inner face (37) of the outer spool
(3) to its outer face (36).

6. A flow control valve (1, 1’, 1") according to claim 1,
characterized in that said second opening (35a) of
non-constant longitudinal section comprises a cen-
tral drill (351) provided with a counter bore (353)
opening out on the outer face (36) of the outer spool
(3).

7. A flow control valve (1, 1’, 1") according to any of the
preceding claims, characterized in that the second
opening (35a) of non-constant longitudinal section
of the outer spool (3) has an area at the outer face
(36) of the outer spool (3) greater than its area at the
inner face (37) of said outer spool (3).

8. A flow control valve (1, 1’, 1") according to any of the
preceding claims, characterized in that each inner

spool (4) is provided with a partition wall (41) extend-
ing transversally across the passageway (40) there-
through and in that this partition wall (41) is provided
with at least one hole (410, 410’) therethrough, this
hole (410, 410’) affording communication between
the central zone (32) of said outer spool (3) and the
passageway (40) therethrough of the inner spool (4).

9. A flow control valve (1, 1’, 1") according to claim 8,
characterized in that the partition wall (41) com-
prises a central hole (410) extending along the lon-
gitudinal axis (X-X’) of said inner spool (4) and/or at
least one peripheral hole (410’) extending parallel to
this longitudinal axis (X-X’).

10. A flow control valve (1, 1’, 1") according to any of the
preceding claims, characterized in that a partition
element (5, 5’) is disposed inside the central zone
(32) of the outer spool (3) in front of the at least one
first opening (34) to separate the flow of hydraulic
liquid circulating inside the flow control valve (1, 1’)
into two flows.

11. A flow control valve (1, 1’, 1") according to claim 10,
characterized in that the partition element (5) is a
portion of tube (50) inserted in coaxial relationship
with and inside the passageway (30) of said outer
spool (3), the tube (50) being provided with a plane
partition wall (51) extending in a plane transversely
bisecting said tube (50), and the tube (50) being pro-
vided with at least one aperture (52) on both side of
said wall (51), the apertures (52) opening in front of
the opening (34) provided in the outer spool (3).

12. A flow control valve (1, 1’, 1") according to claim 10,
characterized in that the partition element (5’) is a
portion of tube (50) inserted in coaxial relationship
with and inside the passageway (30) of said outer
spool (3), the tube (50) being provided with a partition
wall (51’) extending in a plane transversely bisecting
said tube (50), and the tube (50) being provided with
at least one aperture (52) on both sides of said wall
(51’), the apertures (52) opening in front of the open-
ing (34) provided in the outer spool (3), said partition
wall (51’) being provided with two cones (53) dis-
posed on the partition wall (51’) such that their re-
spective basis are in contact with said partition wall
(51’).

13. A flow control valve (1’, 1") according to any of the
preceding claims, characterized in that it com-
prised an additional by-pass spool (6).

14. A flow control valve (1’, 1") according to claim 13,
characterized in that said by-pass spool (6) is in
coaxial relationship with the outer spool (3) and is
mounted outside of said outer spool (3) and inside
the first bore (20) of the valve body (2, 2’, 2"), said
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by-pass spool (6) being slidably positioned within
said first bore (20).

15. A flow control valve (1’, 1") according to claim 13,
characterized in that said by-pass spool (6) is sli-
dably positioned within an additional longitudinally
extending bore provided in said valve body (2’, 2")
parallel to said first bore (20) of the valve body (2’).

16. A flow control valve (1") according to claim 14 or 15,
characterized in that it comprises a control spool
(7), slidably mounted inside a second bore (20’) of
the valve body (2, 2’, 2"), parallel to the first bore (20)
receiving the by-pass spool (6), the first bore (20)
and the second bore (20’) being connected by at
least one connecting port (80).

17. A flow control valve (1") according to claim 16, char-
acterized in that said control spool (7) is moveable
between a so-called "activation" position in which it
connects the two second ports (22) therethrough of
the valve body (2, 2’, 2") to a hydraulic pump of said
hydraulic device and a so-called "deactivation" po-
sition in which it connects the two second ports (22)
therethrough of the valve body (2, 2’, 2") to a tank of
hydraulic fluid of said hydraulic device.
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