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Description

This invention relates to proportioners suitable
for use in hydraulic circuits.

Proportioners such as that described in
US—A—2,466,485, may be used in hydraulic cir-
cuits to provide the symmetrical deployment of
components controiled by such circuits. For
example, in the airbrake-deploying circuit of an
aircraft, certain fail-safe conditions must be satis-
fied je the symmetrical deployment of the airbrak-
ing surfaces, and thus the inclusing of a pro-
portioner may be desirable if not essential.
Hitherto, where proportioners have relied only on
differential hydraulic pressures or flows, they

have proved somewhat imprecise.

- ltis therefore an object of the present invention
to provide a proportioner that has improved
precision of operation.

It is a further object to provide a proportioner
which is simple and therefore cheap to produce.

Yet a further object is to provide a proportioner
which is inherently fail-safe.

According to the present invention, there is
provided proportioning means for connection to a
source of fluid pressure and to separate actuators
which require to be synchronously moved,
including in combination, casing means having
twin fluid flow path means each having an iniet
for connection to said source and an outlet for
connection one of said actuators, fluid flow throt-
tling means, and pressure-sensitive piston-
cylinder means, the proportioning means further
including stepper motor means having stator
means and shaft means, the stator means being
carried by said casing means and the shaft means
lying within said casing means to actuate said
fluid flow throttling means, whereby stepping of
the stepper motor in response to variations in
flow to the actuators effects a decrease or
increase of flow in order to effect synchronisation
of the actuators, and on failure of the stepper
motor, any pressure differential within said
pressure-sensitive piston-cylinder means causes
said shaft means to actuate said flow throttling
means to effect synchronisation of the actuators.

Preferably, the stepper motor is reciprocatory
and the fluid flow throttling means comprise
valve surfaces formed upon spaced ends of the
casing means and between which is carried said
stator means of the stepper motor, the fluid flow
throttling means further comprising opposed
valve members carried at the remote ends of the
shaft means of the stepper motor, each valve
member being operable to mate with its asso-
ciated valve surface to open and close the valve
thereformed, so that when one valve is sub-
stantially fully opened, the opposed valve is
substantially closed.

The valve members and valve surfaces may be
of conical shape, the valve members having bleed
flutes formed on the conical surface.

Each pressure-sensitive piston-cylinder means
may be formed by an end portion of the casing
means and each pistion may be formed by an end
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portion of the shaft means, the two being sealed
by sealing means provided.

Advantageously, the casing means, the stepper
motor means, the pressure-sensitive piston-
cylinder means and the fluid flow throttling
means are arranged to be coaxially aligned.

For a better understanding of the invention,
reference will now be made, by way of example,
to the accompanying drawings in which:-

Figure 1 shows a sectional side elevation of a
proportioner; Figure 2 show a schematic block
diagram of an airbraking system as fitted to- an
aircraft incorporating the proportioner.

A proportioner, as shown in figure 1, comprises
a casing 1 in which are formed a pair of inlet ports
2a, 2b and a pair of outlet ports 3a, 3b. A linear
stepper motor 5 of annular form is mounted
rigidly in the casing 1. A shaft 4 having an axis
X—X passes through the annulus of the motor 5
and is carried on a pair of phosphor-bronze bush
bearings 6a, 66 for reciprocatory movement
along its axis. The stepper motor 5 consists of two
toroidal phase windings 5a, 56 and a samarium
cobalt permanent magnet 5¢. The shaft 4 has a
portion 4e in its centre which is adapted so that
the shaft can be “stepped” to the right or left
along its axis X—X by the motor 5. The outlet
ports 3b, 3b are located at the ends of the casing
coaxially with X—X. Adjacent the ports 3a, 3b, on
the interior of the casing 1, are provided conical
valve surfaces 1a, 16 respectively. At each end of
the shaft 4, is a conical vaive member 4a, 4b
having a fluid bieed flute 4f, 4g, which can mate
with the surfaces 1a, 1. The relative positions of
surfaces 1a, 16 and members 4a, 4b respectively
control the flow of fluid through the outlet ports
3a, 3b. Flanges 4c, 4d are formed on the shaft 4 to
form two separate hydraulic fluid cylinders 8a, 8b.
‘O’ ring seals 7a, 7b prevent the flow of fluid
between the flanges 4¢, 4d and the casing 1, but
they allow the shaft 4 to move relative to the
casing 1 when the stepper motor 5 is operated.

Under normal operating conditions, the pro-
portioner forms part of a system as shown in
figure 2. A pump 9 pumps hydrautic fluid into the
proportioner 10 from a fluid reservoir (not
shown). The inlet pressures at the inlet ports 2a,
2b are equal. The fluid flows through the pro-
portioner 10 and is fed to meters 11 and 12 via the
outlet ports 3a, 3b. The meters 11, 12 measure the
flowrate from each half of the proportioner 10 as
the fluid passes through them to airbrake jacks
{not shown). Signais representing the measured
flowrates are sampled at intervals by a com-
parator/controller 13 and the signals are com-
pared. If one signal is greater than the other, the
comparator/controller 13 then signals the pro-
portioner 10, indicating to the motor 5 which way
it should "step” to correct the imbalance present
in the system. For example, if the signal sampled
from meter 12 was greater than the one sampled
from meter 11, /e the flow out of the outlet port 35
was greater than the flow out of port 3a, the
comparator/controller 13 would signal the pro-
portioner 10, indicating to it that the motor 5
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should “step’” the shaft 4 to the right /e bringing
the valve surface 16 and valve member 44 closer
together and the moving valve surface i1a and
valve member 4a further apart to respectively
decrease and increase the flow.

Similarly, if the signal sampled from meter 11
was greater than that from meter 12, the shaft 4
would be “stepped” to the left. The next time the
signals from the meters 11, 12 are sampled, the
procedure is repeated. This may be carried out
several times until the two flowrates are bal-
anced. Sampling may be carried out every 40 ms-
the motor 5 can “’step’ the shaft 4 in increments
of 0.635 mm (0.025 in) giving a range of possible
outlet flowrates determined by the physical size
of the proportioner.

If, however, the linear stepper motor 5 fails, the
proportioner would then act to balance the
pressures in the two hydraulic cylinders 8a, 8b.
For example, if the motor 5 failed as the airbrakes
were being applied and, say, the left airbrake jack
was the more deployed /e there was a greater
flowrate through cylinder 8a than through
cylinder 85, then the pressure in the left hydraulic
cylinder 8a of the proportioner would be less than
the pressure in the right hydraulic cylinder 8b.
The greater pressure in cylinder 86 would then
cause the shaft 4 to move towards the left,
tending to close the off port 3a and open port 3b
until the pressures in both cylinder 8a, 86 were
balanced, thus producing equal deployment of
the airbrakes. If, on the other hand, the motor 5
fails as the airbrakes are being retracted with, say,
the left airbrake retracted to a greater extent than
the right airbrake, then the greater pressure in the
right airbrake jack due to the action of the
surrounding air on the airbrake surface would
cause the shaft 4 to move to the left tending to
close off port 3a and open port 35, thus producing
a greater flowrate through the right hydraulic
cylinder 8b, until the pressures are balanced.

Claims

1. Proportioning means for connection to a
source of fluid pressure {9) and to separate
actuators which require to be synchronously
moved, including in combination, casing means
(1) having twin fluid flow path means each having
an inlet (2a, 2b6) for connection to said source and
an outlet {3a, 3b) for connection to one of said
actuators, fluid flow throttling means (4a—1a,
4h—4b), and pressure-sensitive pistion cylinder
means (8a, 8b), characterised in that the pro-
portioning means further includes stepper motor
means (5) having stator means (5a, 5b) and shaft
means (4), the stator means being carried by said
casing means (1) and the shaft means (4) lying
within said casing means (1) to actuate said fluid
flow throttling means {4a—1a, 4b—1b), and in
that stepping of the stepper motor (5) in response
to variations in flow to the actuators effects a
decrease or increase of flow in order to effect
synchronisation of the actuators, and on failure of
the stepper motor (5), any pressure differential
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with said pressure-sensitive piston-cylinder
means (8a, 8b) causes said shaft means {4) to
actuate said flow throttling means (4a—1a,
4h—1b) to effect synchronisation of the actuators.

2. Proportioning means according to claim 1,
characterised in that the stepper motor shaft
movement is reciprocatory, and in that the fluid
flow throttling means comprise valve surfaces
(1a, 1b) formed upon spaced ends of the casing
means (1) and between which is carried said
stator means (5a, 5b) of the stepper motor (5), the
fluid flow throttling means further comprising
opposed valve members (4a, 4b) carried at the
remote ends of ths shaft means of the stepper
motor, each valve member being operable to
mate with its associated valve surface to open
and close the valve thereformed, so that when
one valve is substantially fully opened, the
opposed valve is substantially closed.

3. Proportioning means according to claim 2,
characterised in that the valve members and
valve surfaces are of conical shape, the valve
members having bleed flutes {4f, 4g) formed on
the conical surface.

4. Proportioning means according to any one of
claims 1 to 3, characterised in that each pressure-
sensitive pistion-cylinder means (8a, 8b) is
formed by an end portion of the casing means (1),
and each piston is formed by an end portion of
the shaft means (4c¢, 4d), and sealing means (7a,
7b) are provided for effecting sealing between
said portions of the casing means and the shaft
means. .

5. Proportioning means according to claim 4, .
characterised in that the casing means (1), the
stepper motor means (5), the pressure-sensitive
piston-cylinder means (8a, 8b) and the fluid flow
throttling means (4a—1a, 4b—1b) are arranged to
be coaxially aligned.

Patentanspriiche

1. Proportionierungsvorrichtung zum AnschiulR
an eine Druckmittelquelle (9) und an getrennte
Betétigungsorgane, die synchron bewegt werden
missen, welche in Kombination ein Gehause (1)
mit einem Doppelstromungsmittelpfad und je
einem Einla3 (2a, 2b) zum Anschluf an die Quelle
und einem AuslaB (3a, 3b) zum Anschiul? an eines
der Betdtigungsorgane sowie eine Strémungs-
mitteldrossel (4a—1a, 4b—1b) und eine druck-
empfindliche Kolben-Zylinder-Einrichtung (8a,
8b) aufweist, dadurch gekennzeichnet, daf} die
Proportionierungsvorrichtung auf3erdem einen
Schrittmotor (5) aufweist, dal® die Proportionie-
rungsvorrichtung auflerdem einen Schrittmotor
(5) aufweist, der einen Stator (5a, 5b6) und eine
Welle (4) aufweist, wobei der Stator von dem
Gehause (1) getragen wird und die Welle (4) in
dem Gehause {1) liegt, um die Strémungsmittei-
drossel {4a—1a, 4b—1b) zu betédtigen, und daB
die schrittweise Fortschaltung des Schrittmotors
(5) gema Anderungen in der Strémung nach
dem Betdtigungsorganen ein Abfallen oder
Ansteigen der Stromung bewirkt, um die Betéti-
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gungsorgane zu synchronisieren und bei Ausfall
des Schrittmotors (5) jedes Druckdifferential
innerhalb der druckempfindiichen Kolben-Zylin-
der-Einrichtung (8a, 8b) bewirkt, da® die Welle (4)
die Strémungsdrossel (4a—1a, 4b—1b) betétigt,
um die Betdtigungsorgane zu synchronisieren.

2. Proportionierungsvorrichtung nach
Anspruch 1, dadurch gekennzeichnet, da die
Bewegung der Schrittmotorwelle hinund herge-
hend ist, und daf} die Stromungsmitteldrossel
Ventiloberflachen {1a, 16) be sitzt, die auf im
Abstand zueinander liegenden Enden des Geh4u-
ses (1) ausgebildet sind und zwischen denen der
Stator (ba, 5b) des Schrittmotors (5) getragen
wird, daf3 die Strémungsmitteldrossel weiterhin
gegeniberliegende Ventilkorper (4a, 4b) besitzt,
die an den entfernten Enden der Welle des
Schrittmotors getragen werden, und dald jeder
Ventilkérper so betatigbar ist, da3 er mit seiner
zugeordneten Ventiloberflache zusammenpal3t,
un das so gebildete Ventil zu 6ffnen und zu
schlieen, und zwar derart, da® dann, wenn ein
Ventil im wesentlichen voll geéffnet ist, das
gegenuberliegende Ventil im wesentlichen
geschlossen ist.

3. Proportionierungsvorrichtung nach
Anspruch 2, dadurch Gekennzeichnet, daf3 die
Ventilkérper und die Ventiloberflachen konische
Gestalt haben und daR die Ventilkérper auf den
konischen Oberflaichen Abzapfauskehiungen (4f,
4g) aufweisen.

4. Proportionierungsvorrichtung nach einem
der Anspriiche 1 bis 3, dadurch gekennzeichnet,
daB die druckempfindliche Kolben-Zylinder-Ein-
richtung (8a, 8b) durch einen Endabschnitt des
Gehauses (1) gebildet ist und dall jeder Kolben
durch einen Endabschnitt der Welle (4c, 4d) gebil-
det ist und daf3 Dichtungen (7a, 7b) vorgesehen
sind, un eine Dichtung zwischen den Abschnitten
des Gehéuses und der Welle zu bewirken.

5. Proportionierungsvorrichtung nach
Anspruch 4, dadurch gekennzeichnet, daf} das
Gehéduse (1), der Schrittmotor (5), die druckemp-
findliche Kolben-Zylinder-Einrichtung (8a, 86) und
die Stromungsmitteldrossel (4a—1a, 4b—1b) koa-
xial aufeinander ausgerichtet sind.

Revendications

1. Moyen de dosage pour connexion a une
source de fluide sous pression (9) et a des
actionneurs séparés qui doivent étre placés en
synchronisme, comprenant en combinaison: un
movyen d’enveloppe (1) ayant des moyens de
trajet de courant fluidique jumelés présentant
chacun un orifice d'entrée (2a, 2b) pour con-
nexion a la source et un orifice de sortie {3a, 3b)
pour connexion a l’'un des actionneurs, un moyen
d'étranglement de courant fluidique {4a—1a,
45—1b), et un moyen de piston-cylindre sensible
a la pression (8a, 8b), caractérisé en ce que le
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moyen de dosage comprend en outre un moyen
de moteur pas a pas (5) incorporant un moyen de
stator (ba, 5b) et un moyen d'arbre {4), le moyen
de stator étant porté par le moyen d’enveloppe
(1), et le moyen d’arbre (4) étant situé a l'intérieur
du moyen d’‘enveloppe (1) pour actionner le
moyen d'étranglement de courant fluidique
(4a—1b, 4b—1b), et en ce que la marche pas a pas
(5) en réponse a des variations du débit vers les
actionneurs provoque une diminution ou une
augmentation du débit de maniére a effectuer la
synchronisation des actionneurs, et lors d'une
défaillance du moteur pas a pas (5), toute pres-
sion différentielle régnant a l'intérieur du moyen
de piston-cylindre sensible a la pression (8a, 8b) a
pour effet que le moyen d’arbre (4) actionne le
moyen d’éranglement de courant (d4a—1a,
456—1b) pour effectuer la synchronisation des
actionneurs.

2. Moyen de dosage selon la revendication 1,
caractérisé en ce que le mouvement de |'arbre du
moteur pas a pas est alternatif, et en ce que le
moyen d'érangiement de courant fluidique com-
prend des surfaces agissant en soupape (1a, 1b)
formées sur des extrémités espacées du moyen
d’enveloppe (1) et entre lesquelles est porté le
movyen de stator (5a, 56) du moteur pas & pas (5),
le moyen d’étranglement de courant fluidique
comprenant en outre des éléments opposés de
clapet (4a, 4b) portés aux extrémités éloignées du
moyen d‘arbre du moteur pas & pas, chaque
élément de clapet pouvant fonctionner pour s'ac-
coupler 3 sa surface associée agissant en sou-
pape afin d’ouvrir et de fermer la soupape ainsi
formée de sorte que lorsqu’une soupape est
pratiquement ouverte en totalité, la soupape
opposée est pratiquement fermée.

3. Moyen de dosage selon la revendication 2,
caractérisé en ce que les éléments de clapet et les
surfaces agissant en soupape sont de forme
conique, les éléments de clapet ayant des canne-
lures d'écoulement (4f, 4g) ménagées sur la sur-
face conique.

4. Moyen de dosage selon l'une quelconque
des revendications 1 a 3, caractérisé en ce que
chaque moyen de piston-cylindre sensible & la
pression (8a, 8b) est formé par une partie d’extré-
mité du moyen d'enveloppe (1) et chaque piston
est formé par une partie d'extrémité du moyen
d'arbre (4c, 4d), et des moyens d’'étanchéité (7a,
7b) sont prévus pour réaliser une étanchéité
effective entre lesdites parties du moyen d'enve-
loppe et du moyen d’arbre.

5. Moyen de dosage selon la revendication 4,
caractérisé en ce que le moyen d’enveloppe (1), le
moyen de moteur pas 3 pas (5) et le moyen de
pistion-cylindre sensible a la pression (8a, 8b) et
le moyen d’étranglement de courant fluidique
{da—1a, 46—1b) sont disposés de maniére a étre
alignés suivant le méme axe.
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