1 580 472

10

15

20

25

30

35

40

45

PATENT SPECIFICATION

(21) Application No. 29494/77

(33) France (FR)

(44) Complete Specification published 3 Dec. 1980

(51) INT. CL:* F16K 31/10

(52) Index at acceptance

G3P 11 16EX 18 9A4 9A5 X
F2V HI4 HI15 H28 H3

(22) Filed 13 July 1977
(31) Convention Application No. 7 625 314" (32) Filed 20 Ang. 1976 in

an

(19)

(72) Inventor GEOFFROY DE LA BOUILLERIE

(54) IMPROVEMENTS IN AND RELATING TO SERVO-VALVES

71 We, SOCIETE D’OPTIQE PRECISION
ELECTRONIQUE ET MECANIQUE SOPELEM, a
French Corporate Body of 125 Boulevard
Davout, 75020 Paris, France, do hereby de-
clare the invention, for which we pray that a
patent may be granted to us, and the method
by which it is to be performed, to be
particularly described in and by the following
statement : —

The present invention concerns a servo-
valve, that is to say, a device which enables
a hydraulic flow or pressure to be controlled
proportionally with a low-energy electrical
control signal.

A servo-valve includes at a minimum a
hydraulic regulator controlled by an electrical
motor. Distinction is made between flow-
control servo-valves and pressure-control
servo-valves. A servo-valve for regulation of
flow has the purpose of regulating the flow
of fluid in proportion to the electrical con-
trol signal. A pressure-control servo-valve
has the purpose of regulating the pressure
in proportion to the electrical control signal.

A known hydraulic regulator is formed
of a slide mounted in a lining (or sleeve)
which is provided with orifices for the flow
of the hydraulic fluid. Displacement of the
slide modifies the areas of flow at the
orifices, these areas of flow being annular.

The slide regulator is generally controlled
by a differential pressure controlled by a
hydraulic amplifier which enables the control
force to be reduced and accurate positioning
to be obtained. Hence the slide regulator
constitutes only the second stage of the
servo-valve. The hydraulic amplifier which is
used to control the second-stage slide com-
prises a paddle moving between two nozzles
and two fixed nozzles.

The foregoing hydraulic amplifier, also
called a hydraulic potentiometer, may be
used for direct control of a power member.
However, the power supplied by a moving-
paddle stage is limited and it is not in
general possible to obtain large flows at low
pressures.

In British Patent Specification No. 1389514

a paddle servo-valve is described which, with
only one stage, enables large flows at low
pressures to be obtained. This servo-valve is
essentially characterized by displacement of
the paddle perpendicular to the axis of the
nozzles, which avoids the disadvantage,
encountered in conventional systems, of the
displacement of the paddle being restricted
to the gap between the nozzles. However,
the powers capable of being controlled by
this type of servo-valve must not be too
high.

According to the invention there is pro-
vided an electrohydraulic servo-valve
comprising a valve body, a torque motor
comprising permanent magnet means associ-
ated with coils for receiving control currents
and a movable armature connected to a
spring attached to said body and to a spindle
which in operation of said motor will
oscillate in a plane, a liner fixed in said body
and having an outer cylindrical bearing
surface, an inner duct for a fluid and at
least one opening enabling a substantially
radial flow of fluid from said inner duct,
a sleeve having a cylindrical bore and
engaged with minimum clearance on said
outer bearing surface of said liner for con-
trolling the effective area of the or each
said opening in said liner, and an articulation
connecting said sleeve to the end of said
spindle for oscillation of said sleeve by said
spindle.

In one embodiment of the invention said
sleeve is provided with at least one opening
for radial flow of the fluid and which is
associated with said opening in said liner.

Said torque-motor may be arranged so
that the plane of oscillation of said spindle
is parallel with the axis of said liner and
said sleeve, or so that the plane of oscillation
of said spindle is perpendicular to the axis
of said liner and said sleeve.

The invention will be more fully under-
stood from the following description of
embodiments thereof, given by way of
example only, with reference to the
accompanying drawings.

1580 472

50

55

60

65

70

75

80

85

90

95



1,580,472

10

15

20

25

30

35

40

45

50

55

60

65

In the drawings:

Figure 1 is a section through a first
embodiment of a servo-valve in accordance
with the invention;

Figure 2 is a section along the line II—II
in Figure 1;

Figure 3 is a section through a second
embodiment of a servo-valve in accordance
with the invention;

Figure 4 is a section along the line IV—IV
in Figure 3;

Figure 5 is a section through a third
embodiment of a servo-valve in accordance
with the invention;

Figure 6 is a section along the line VI—VI
in Figure 5;

Figure 7 is a section through an embodi-
ment of a three-way servo-valve in accor-
dance with the invention and wuses for
pressure control;

Figure 8 is a section through an embodi-
ment of a four-way servo-valve in accor-
dance with the invention, used for control
of differential pressure;

Figure 9 is a section along the line IX—IX
in Figure 8; and

Figure 10 is a diagram of an embodiment
of a two-stage servo-valve in accordance
with the invention and endowed with
mechanical control between the two stages.

The servo-valves shown in Figures 1 to
10 each comprise a torque motor 1 which
receives an electrical signal and is used for
positioning the moving parts of the servo-
valve. This torque motor comprises an
armature 2 which can move in the gap of a
permanent magnet 31 of the motor, the north
and south poles of which are marked N and
S in the Figures. The moving armature 2 is
connected to a spring 4 which is used for
returning the armature to a neutral position
and to a spindle 5 which is used to manipu-
late the moving parts. The armature 2 is
surrounded by coils 32 which receive the
control currents.

In the embodiments shown in the Figures
the torque motor is of dry type. The spring
4 is in the form of a tube and the spindle 5
passes through it. The spring tube 4 is
attached in an oiltight way to the body 6
of the servo-valve and serves to ensure
oiltightness between the fluid and the torque
motor components. The torque motor 1
may alternatively be of wet type.

The servo-valve includes a sleeve 7 which
is housed in a chamber 61 in the servo-valve.
This sleeve is coupled by means of an
articulation 8 to the lower end of the spindle
5. The articulation 8 enables oscillation of
the sleeve with respect to the spindle 5 and
enables slight displacements of the sleeve
with respect to the spindle 5 along the axis
of the spindle to be absorbed. This
articulation comprises a sphere 51 cut at the
lower end of the spindle 5, which engages

without play in a seating 71 cut in the sleeve
7. The articulation 8 may be achieved by
any other equivalent means.

The servo-valve includes a liner 9 which
passes through the chamber 61 in which the
sleeve 7 is housed. The liner 9 is held fixed
in the body 6 of the servo-valve and is
provided with an outer cylindrical bearing
surface 91. The sleeve 7 is fitted on to the
liner. The inner bore 72 of the sleeve is
fitted with minimum clearance to the outer
bearing surface 91 of the liner so that
guidance of the sleeve is accurate and so
that internal leakages of hydraulic fluid
between the sleeve and the liner are reduced
to a minimum.

The chamber 61 in which the liner and
the sleeve are housed communicates with an
exhaust duct 62 which is used for the return
of oil. The chamber 61 is isolated from an
oil inlet duct 63. In the embodiments shown
the chamber 61 is isolated from the torque
motor by the spring tube 4.

The liner 9 includes at least one inner
duct 92 used to channel the hydraulic fluid.
Preferably the end of the duct 92 is blocked
by an oiltight seal 11 and inlet of hydraulic
fluid into the duct 92 is effected by one or
more lateral orifices 93. Inlet of fluid to the
orifices 93 is effected through the inlet duct
63 and an annular chamber 64 surrounding
the liner.

Oiltightness of this annular chamber
arranged between the liner and the body is
ensured by oiltight seals 101 and 102.

The liner 9 includes one or more lateral
openings 94 which enable radial flow of
fluid from the duct 92 towards the chamber
61. The area of flow of the fluid through the
openings is controlled by the sleeve 7, the
position of which is determined by the
electrical signal applied to the torque motor.

The means employed for controlling the
effective area of the openings 94 differ in the
embodiments.

In the embodiment of Figures 1 and 2 one
annular end face 73 of the sleeve is positioned
in front of the openings 94 so that oil flow
leaving the openings 94 flows radially against
the face 73. The control of the area of flow
of the fluid through the openings 94 is
obtained by displacement of the sleeve in a
direction parallel with the axis 12 of the
sleeve and the liner. The torque motor 1 is
positioned so that the plane of oscillation
P of the spindle 5 passes through the axis
12 of the sleeve and the liner.

In the embodiment of Figures 3 and 4 and
in the embodiment of Figures 5 and 6 the
sleeve is pierced by openings 74 radially
aligned with openings 94. Hence the oil
flows radially to the chamber 61 through
the openings 94 and 74.

In the embodiment of Figures 3 and 4 the
sleeve is displaced with respect to the liner
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in a straight line parallel with the axis 12 of
the liner and the sleeve. Each opening 74 has
a face perpendicular to the axis 12 which
determines the effective area of flow of the
fluid through the corresponding opening 94.
The torque motor is positioned so that the
plane of oscillation P of the spindle 5
passes through the axis 12 of the liner and
the sleeve or is parallel with this axis 12.

The openings 74 and 94 are preferably
rectangular. In this embodiment the length
L of the openings 94 and 74 in a direction
parallel with the axis 12 is relatively small
while the width D perpendicular to the axis
12 is relatively large. This form of the
openings enables large variations in area for
small linear displacements of the sleeve.

In the embodiment of Figures 5 and 6 the
displacement of the sleeve with respect to the
liner is an angular displacement about the
axis 12 of the liner and the sleeve. In this
embodiment each opening 74 has a face
parallel with the axis 12 which determines
the area of flow of the fluid through the
openings 94. The torque motor is positioned
so that the plane of oscillation P of the
spindle 5 is perpendicular to the axis 12 of
the liner and the sleeve. The openings 74
and 94 are preferably rectangular, the width
L of the openings 94 and 74 in a direction
parallel with the axis 12 is relatively large
while the width D perpendicular to the axis
12 is relatively small. This form of the
openings enables large variations in area for
small angular displacement of the sleeve.

The servo-valves shown in Figures 1 to
6 may be used for control of flow and are
two-way, the variable delivery being arranged
between the inlet duct 63 and the outlet
duct 62.

The servo-vaalve includes a sleeve 7 which
for control of pressure. It is a three-way
servo-valve with a fixed nozzle of “single
hydraulic potentiometer” type. The duct in
the liner is fed with fluid under pressure
from a feed duct 13 via a fixed calibrated
nozzle 14 and channels opening into the
orifice 93. The load outlet opens into the
liner through an orifice 95. The control of
the leakage flow through the sleeve may be
obtained by linear or angular displacements
of the sleeve as in the preceding embodi-
ments.

The servo-valve shown in Figures 8 and 9
is used for the control of pressure. It is a
four-way servo-valve of double hydraulic
potentiometer type. The liner includes two
ducts 92 and 92* independent of one another
and separated by a partition 96. Fluid outlet
openings 94 and 94! controlled by the
sleeve 7 open into each of the ducts. Each
of the ducts 92 and 92 is fed with fluid under
pressure from the feed orifice 13 by way of
a fixed calibrated nozzle 14 or 14! and an
orifice 93 or 93!. Two load outlets 95 and

95" open each into one of the ducts in the
liner.

The arrangement of the orifices 94 and
94 is such that a displacement of the sleeve
7 causes an increase in the area of flow
through the orifices associated with one duct
in the liner and simultaneously a reduction
in the area of flow through the orifices
associated with the other duct in the liner.
In the rest position the areas of flow are
equal. For example, displacement of the
sleeve causes an increase of the leakage
flow through the orifices 94 and a reduction
of the leakage flow through the orifices 94*,
the pressure in the one load outlet therefore
increasing to the detriment of the pressure
in the other load outlet.

The sleeve is displaced linearly along the
axis of the liner. In the rest position the
orifices 74 and 74 in the sleeve are sym-
metrical with respect to the orifices 94 and
94 and partially cover them so that the
outlet flows are equal. Displacement of the
sleeve 7 along the axis of the liner increases
(or reduces) the flow through the orifices 94
and reduces (or increases) the flow through
the orifices 94*.

In a modification (not shown) the sleeve
is angularly displaced about the axis of the
liner as in the servo-valve shown in Figures
5 and 6.

The servo-valve shown in Figure 10 is a
servo-valve having two stages and four ways.
The sleeve 7 is extended by a feedback rod
16 used for mechanical control of the slide
17 of the second stage.

Of course the invention is not intended
to be restricted to the embodiments described
and illustrated but encompasses any variants
within the scope of the appendent claims.

There is thus provided a servo-valve which
does not have the disadvantages of known
servo-valves. The valve can be used for flow
or pressure control, and, with only one stage,
enables large flows with low pressures and
relatively high powers to be obtained. The
surfaces for flow of the fluid are not sub-
jected to the restrictions that are encountered
in paddle systems. The servo-valve is easy
to produce and to adjust and it is not very
sensitive to pollution. The servo-valve can
easily be provided with variable gain by
making the area of flow of fluid vary accor-
ding to a non-linear law as a function of the
control current (parabolic variation, etc.).
The servo-valve may comprise a single stage
or may form part of a servo-valve with a
number of stages.

WHAT WE CLAIM IS:—

1. An electrohydraulic servo-valve com-
prising a valve body, a torque motor
comprising permanent magnet means
associated with coils for receiving control
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currents and a movable armature connected
to a spring attached to said body and to a
spindle which in operation of said motor
will oscillate in a plane, a liner fixed in
said body and having an outer cylindrical
bearing surface, an inner duct for a fluid and
at least one opening enabling a substantially
radial flow of fluid from said inner duct,
a sleeve having a cylindrical bore and en-
gaged with minimum clearance on said
outer bearing surface of said liner for
controlling the effective area of the or each
said opening in said liner, and an articulation
connecting said sleeve to the end of said
spindle for oscillation of said sleeve by said
spindle.

2. A servo-valve as claimed in claim 1,
wherein said articulation comprises a seating
in said sleeve and a sphere provided at an
end of said spindle and engaged in said
seating in said sleeve.

3. A servo-valve as claimed in either
claim 1 or claim 2, wherein an annular sur-
face of said sleeve is positioned in front of
the or each said opening in said liner, and
said torque motor is arranged so that said
plane of oscillation of said spindle is parallel
with the axis of said liner and said sleeve.

4. A servo-valve as claimed in either
claim 1 or claim 2, wherein said sleeve has
at least one opening therein for controlling
the area of flow of fluid through the or a
respective one of the said openings of said
liner.

5. A servo-valve as claimed in claim 4,
wherein said torque motor is arranged so
that the plane of oscillation of said spindle
is parallel with the axis of said liner and
said sleeve.

6. A servo-valve as claimed in claim 4,

wherein said torque motor is arranged so
that the plane of oscillation of said spindle
is perpendicular to the axis of said liner
and said sleeve.

7. A servo-valve as claimed in any one
of the preceding claims, wherein said inner
duct of the said liner is supplied with fluid
through a nozzle. '

8. A servo-valve as claimed in any one
of the preceding claims, wherein said spring
comprises a tube fixedly attached to said
body, the spindle extending through said
tube.

9. A servo-valve as claimed in any one
of the preceding claims, wherein said liner
comprises two independent ducts each fed
by the fluid through a nozzle and at least
two openings which are connected one to
one of said ducts and the other to the other
of said ducts and are arranged so that dis-
placement of said sleeve causes an increase
in the effective area of flow through one of
said openings and a reduction in the effective
area of flow through the other said opening.

10. A servo-valve as claimed in claim 9,
wherein said sleeve is provided with at least
two openings which control the flow of fluid
through said opening connected to one of
said ducts and through said opening con-
nected to the other of said ducts.

11.  An electrohydraulic servo-valve sub-
stantially as herein described with reference
to Figures 1 and 2, Figures 3 and 4, Figures
5 and 6, Figure 7, Figures 8 and 9, or Figure
10 of the accompanying drawings.

A. A. THORNTON & CO.,
Chartered Patent Agents,
Northumberland House,

303/306 High Holborn,
London WC1V 7LE.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1980.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.
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Sheet 1
7777777777 777777772 = C';‘ N
7 g ‘
~N (4 /
7,
[a N
- A4 g‘ S
NS m
“'//
iz
// \
///7)///{////}/////f N \ \ \
Y T 1/1 - D <« I~ &
N 0— n
'-:\\
:\\ ‘ i \\_To
S_’\ d,\ g
N B N 00N <
N\ S | i
IRTTXITITYXTX
g N| N el i I
FRNN Y N N -6
v"\ = —:-*55 <
X O an O
N = LN —
% (T
vy )
g RE ) ol \
4 L< (N~ 8
& [
&\ \J‘S
g NN
V7 777




1580472 COMPLETE SPECIFICATION

This drawing is a reproduction of
5 SHEETS e Original on a reduced scale
Sheet 2

& ¥
q\\ NAANAVANANAN =~ I?\
J \ L oo e -
N i \
N L ! vt\" «
& O
——ta L
)
RGN
dolo y

p 7]
o | /
SRNENT
NN A
- a N\rmw; % L3R
(WY AR B AN
NN N BN \\}\\\%\\
N — 3l
Ny °
- ZIN, g 3
N \ = =) | B
NEIAN Z N & (9
7 N t N -
AN | == Ny eps £
\ \\ 3l N H
= =9
N =
N
\ NN s
~ AN AR ! //




1580472 COMPLETE SPECIFICATION

This drawing is a reproduction of
5 SHEETS the Original on a reduced scale

N

2
5\74_

l

Sheet 3
&
<
° O
O
w
- (
I
I~ N O
e
/] i
I ’\
LR
o
~ 3 .
o 0
o
:- ". N 4 U
\ME\U RO
- v
o




1580472 COMPLETE SPECIFICATION

This drawing Is a reproduction of
9 SHEETS the Original on a reduced scale

Sheet 4
SSSSSNSSSS << <] 1
N "</—‘
N7 N 3
:// #1N
N N 2
N d—
N E 4
: :,/
\ / ,;/Z
N — N .
N I—‘— » T
‘e \ ] //iﬁ /7
= r > i
% R i 1X
s S P
FIG8 :
7] T
93" 92/ o1 o 95 94 9 92 93
93 61 7 74 7% 9 93
L I \ \
P ([j JJ
/ DX | %
= 0 D /]
i1 | () )\
| ) |
\ Wl N * \ ’ ]ln:
%oy 13 95 . 1%

FIGS .



COMPLETE SPECIFICATION

This drawing Is a reproduction of

1580472

the Original on a reduced scale
Sheet 5

5 SHEETS

YAy

Io— r4e}
<3
/. r— ST
- | ]
= £ g
~ 15
(2]
Nyl \_
W 6656 v, L \T
/ _
b4
S
)
a3\l s

AT TIITRIITT T VT VIVIVVYY




