United States Patent

[19]

nn o 3,823,646

Wadsworth (451 July 16, 1974
[54] SYNCHRONIZING VALVES Primary Examiner—Paul E. Maslousky
[76] Inventor: Geoffrey Wadsworth, c/o Fort Attorney, Agent, or Firm—Stevens, Davis, Miller &
Dunlop, Erdington, Birmingham Mosher
B24 9Qt, England
[22] Filed:  May 17, 1972 (71~ ABSIRACT _
A synchronizing valve, for controlling the flow of fluid
(211 Appl. No.: 254,097 to and from two fluid pressure actuated components
so. as to synchronizing their movements, in which a
[30] Foreign Application Priority Data housing incorpogates two relativ_ely movable members,
May 26, 1971 Great Britain 17080/71 one member being provided with a cam profile and
TOTT T e being arranged to be operatively connected to one
[52] U.S.Cl 91/171, 60/97 E fluid pressure actuated component so that movement
(51] Int. CL... FO1b 25/04 F15b 11 /22 - of the-component causes corresponding movement of
[58] Field of Search ... 91/171: 60/97 E  the member and the other member being provided
"""""""""""" ’ with a cam follower and similarly being arranged to be
. operatively connected to the other fluid pressure actu-
[56] References Cited ated compyonent Relative movement of the two mem
UNITED STATES PATENTS ) bers and hence of the cam profile and follower, result-
2,365,095. 12/1944 Milleretal. ....ccoovvvevevviennns 91/171 lng from non-synchronous movement of the fluid pres-
3’232’333 %}ggg fﬂf{’ ----- i g{; };: - sure actuated components, is arranged to actuate a |
V% SALOR CL AL wovvvvevervvserinnes flow  proporting valve means positioned within the
gggg;?; ! ;ﬂggg gmmerma'.‘ """""""""""""" gm;i housing thereby adjusting the flow of fluid to or from

the fluid pressure actuated components to re-establish
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1
SYNCHRONIZING VALVES

This invention relates to synchronizing valves, that is.
valves for controlling the flow of fluid to and from two
fluid pressure actuated components thereby synchro-
nizing their movements.

One object of the present invention is to prov1de an
improved synchronizing valve.

According to one aspect of the present invention a
synchronizing valve for controlling the flow of fluid to
and from two fluid pressure actuated components so as
to synchronize their movements comprises a housing
incorporating two relatively movable members, one
member being provided with a cam; profile and being
arranged to be operatively connected to one fluid pres-
sure actuated component so that movement of the
component causes corresponding movement of the
member and the other member being provided with a
cam follower and similarly being arranged to be opera-
tively connected to the other fluid pressure actuated
component, relative movement of the two members
and hence of the cam profile and follower, resulting
from non-synchronous movement of the fluid pressure
actuated components, being arranged to actuate a fluid
flow control valve (more. particularly a flow propor-
tioning valve means positioned within' the housing)
thereby adjusting the flow of fluid to or from the fluid
pressure actuated components to re-establish synchro-
nous movement.

The present invention also prov1des a'synchronizing
system incorporating a synchronizing valve in accor-
dance with the present invention.

One embodiment of the present invention. will now
be -described by way of example with reference to
" FIGS. 1 to 5 of the accompanying drawings in which:

FIG. 1 is a diagrammatic representation of a synchro-
nizing system in accordance with the present invention;

FIG. 2 is a longitudinal section through a synchroniz-
ing valve in accordance with the present invention;

_FIG. 3 is a longitudinal section on the lme A—A of
FIG. 2;

FIG. 4 is an outSIde part-sectional view of the syn-

chronizing valve shown in FIGS. 2 and 3 showing a typ-

ical cam proﬁle and follower arrangement, and

FIG. § is a further outside view of the synchronizing
valve shown in FIGS. 2 to 4 showing a typical valve
inlet and outlet arrangement.

A system for synchronizing the movement of two hy-
draulically operated aircraft airbrake flaps 41 and 42,
as shown in FIG. 1, comprises a pair of rams 43,44 one
arranged to actuate each flap and a synchronizing valve
45 arranged to control the flow of hydraulic fluid to
each ram. Flow of fluid to the ends 72 and 73 of rams
43 and 44 respectively is arranged to extend the rams
" and associated airbrake flaps while the flow of fluid to
the other ends 74 and 75 of the rams is arranged to re-
tract the rams and flaps. A selector valve 46 controls
the flow of fluid from a source of supply pressure (not
shown) to the synchronizing valve 45 and also controls
the exhaust of fluid from the synchronizing valve 45 to
a fluid reservoir 47. .

Each airbrake flap is linked to a separate rotatable
shaft member supported by and partially enclosed
within the housmg of synchromzmg valve 45.

2

In the example shown in FIG. 1 each airbrake is
linked to the synchronizing valve by a system of levers
48,49, It will be understood that any other suitable

. form of mechanical linkage, such as wires, pulleys,
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gears or rods. or indeed any suitable form of hydraulic
or pneumatic feedback may be employed. Airbrake
flap 41 is linked by rod 48 to an inner rotatable shaft
member 16 (see FIG. 2) supported within the housing
8 of synchronizing valve 45 by bearing 33 and airbrake
flap 42 is linked by rod 49 to an outer rotatable shaft
member 185 supported coaxially with shaft member 16
on bearing 19 by bearing housing 12,

Inner shaft member 16 carries a roller shaft member
37 extending at right angles thereto. The end of roller -
shaft member 37 remote from shaft 16 carries a roller
bearing 35 which acts as a cam follower co-operating
with a cam profile cut-out 50 (see FIG. 4) in the end
of outer rotatable shaft member 15 within housing 8.

The end of inner shaft member 16 within housing 8
is connected to a valve spool 25 by means of a cylindri-
cal connector 51 arranged to fit over the ends of the
spool and inner shaft, cylindrical connector 51 being
pinned to the inner shaft by roller shaft 37 and to the
spool by a separate transversely extending pin 21. Thus
relative rotation of inner and outer shaft members 16
and 15 causes relative movement of roller bearing 35
and cam profile 50 thereby causmg corresponding axial
deflection of spool 25.

Spool 25, which is provided with an axially extending
internal bore 52 is arranged to extend within a bore 53
of the housing, each end of the spool being provided
with an annular seal 24 to prevent the escape of fluid
between the spool and bore 53 into the remainder of
the housing. The portion of spool 25 which extends be-
tween the seals 24 is of a reduced diameter and is pro-

vided with two axially spaced circumferentially extend-

ing flanges 54 and 55 which thus form three annular
passageways 56, 57 and 58 between spool 25 and bore
53. The external diameter of flanges 54 and 55 is ar-
ranged to be such that they can make sealed contact
with bore 53 in a manner to be described.

Bore 53 is provided with four axially spaced circum-
ferentially extending grooves 59, 60, 61 and 62.
Groove 60 communicates via passageway 63, spring-
loaded non-return valve 5 and passageway 64 with
combined inlet and outlet passage 65 which in turn
communicates with combined inlet and exhaust port 80
(see FIG. 5). Groove 62 also communicates via pas-
sageway 66, spring-loaded non-return valve 9 and pas-
sageway 67 with combined inlet and outlet passage 65.

Grooves 59 and 61 are connected to rams 43 and 44
respectively via outlets 68 and 69 respectively (see
FIG. 3). The axial positions of grooves 60 and 62 within
bore 53 are such that when roller bearing 35 is in the
center of cam profile cut-out 50 the flanges 55 and 54
are positioned axially centrally within grooves 60 and
62 respectively thereby placing non-return valves § and
9 in communication with bore 53. .

Spool 25 is provided with two transversely extending

drillings 70 and 71 which place annular passageways 56

and 58 in communication with otherwise closed inter-
nal bore 52. ,

Non-return valves 5 and 9 which .are directly con-
nected by passageway 64 are arranged so that when the
synchronizing valve is supplying fluid to the ends 72,73
of the rams 43 and 44, in order to extend the airbrake
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flaps, the direct flow of fluid through passageway 64 is
prevented by non-return valve 5.

A centralizing pin 18 (see FIGS. 3 and 4) extending
through aligned transversely extending holes 76,77 in

the exposed ends of shafts 15 and 16 is provided to en-
able the bearing 35 to be centralized within cam profile
cut-out 50 during installation of the synchronizing
valve and final adjustment of the feedback levers
48,49. Centralizing pin 18 is removed during operation
of the valve and stored in hole 78 in housing 8.

The system functions as follows:

The pilot selects the “airbrakes extend” condition
using selector valve 46. This connects the supply pres-
sure to synchronizing valve 45 and hence to the ends
72 and 73 of rams 43 and 44 respectively while con-
necting the other ends 74 and 75 of the rams to fluid
reservoir 47. : :

As flaps 41 and 42 extend, their movement is fed
back to synchronizing valve 45 via links 48 and 49 and
results in a clockwise rotation of inner and outer shafts
16 and 15.'As long as flaps 41 and 42 extend symmetri-
cally, that is in synchronism, shafts 16 and 15 will ro-
tate in a clockwise manner without relative movement
therebetween and bearing 35 thus remains in the center
of cam profile cut-out 50 thus maintaining spool 25 in
its axially central position in which equal quantities of
fluid flow to rams 43 and 44 via ports 68 and 69 respec-
tively. The fluid flows to outlets 68 and 69 via passages
65 and 67, non-return valve 9, groove 62, passageways
56,57 and §8, drillings 70 and 71, bore 52 and grooves
59 and 61. ,

If flap 41 extends ahead of flap 42 then inner shaft 16
will rotate relative to outer shaft 15 causing bearing 35
to move along the cam profile thereby drawing spool
25 to the right, as viewed in the accompanying draw-
- ings. This movement of the spool to the right causes
flanges 55 and 54 to move to the right in grooves 60
and 62 respectively thereby reducing or completely
cutting-off the communication to internat bore 52 via
drillings 70 and 71 thus reducing or cutting-off the flow
of fluid to outlet 68 while increasing the flow of fluid
to outlet 69 via annular passageway 57.

The amount of movement of the spool 25 in response
to a given amount of movement of the airbrake flaps 41
and 42 is determined by the shape of the cam profile
cut-out 50 and by the arrangement of the feedback
linkages 48 and 49. Typically the system is arranged so
that one degree movement of either airbrake flap re-
sults in a one degree rotation of the associated inner or
outer shaft member and the cam profile cut-out is so
designed that three degrees relative rotation between
the inner and outer shaft members is sufficient to com-
pletely cut off the flow of fluid to one outlet while al-
lowing the full flow to the other outlet. The cam profile
cut-out shown in the accompanying drawings is ar-
ranged to allow up to 65 degrees relative rotation be-
tween the inner and outer shaft members in either di-
rection, though after 3 degrees relative rotation the
flow of fluid to one outlet.is completely cut off as de-
scribed above.

The reducing or cutting-off of the flow of fluid.to out-
let 68 and increasing of the flow to outlet 69 reduces
or eliminates the rate of extension of flap 41 and allows
ram 44 to catch up ram 43 thus re-establishing synchro-
nization between the movements of flaps 41 and 42
thereby eliminating the relative rotation between inner
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4

and outer shafts 16 and 15 and returning bearing 35 to
the centre of cam profile cut-out 50,

Should flap 42 extend ahead of flap 41 outer shaft
member 15 rotates relative to inner shaft member 16
and bearing 35 moves along cam profile 50 thereby
pushing spool 25 to the left, as viewed in the accompa-
nying drawings. This movement of the spool to the left
causes flanges 54 and 55 to reduce or completely cut
off the flow of fluid to outlet 69, via annular passage 57
while increasing the flow of fluid, via annular passage
58, to outlet 68. This reducing or cutting-off of the flow
of fluid to outlet 69 allows ram 43 to catch up ram 44
thus re-establishing synchronization between the move-
ments of flaps 41 and 42 and returning bearing 35. to
the center of cam profile cut-out 50, :

Thus the extension of airbrake flaps 41 and 42 is con-
trolled by the system and the occurrance of dangerous
excessive assymmetry is avoided. ‘

When the pilot selects the “‘airbrakes retract” condi-
tion selector valve 46 connects the ends 74 and 75 of
rams 43 and 44 directly to the fluid pressure supply and
connects the ends 72 and 73 of the rams to fluid reser-
voir 47 via synchronizing valve 45. Thus by controlling
the rate of exhaust of rams 43 and 44 using synchroniz-
ing valve 45 the retraction of flaps 41 and 42 can be
synchronized in a similar manner to their extension.

As long as flaps 41 and 42 retract symmetrically
inner and outer shafts 16 and 15 rotate in an anti-
clockwise manner without relative movement therebe-
tween and bearing 35 again remains in the center of
cam profile cut-out 50 thus maintaining spool 25 in its
axially central position in which equal quantities of
fluid are exhausted from rams 43 and 44. The fluid
flows to combined inlet and outlet passage 65 from out-
lets 68 and 69 via grooves 59 and 61, annular passage-
ways 56, 57 and 58, drillings 70 and 71, bore 52, pas-
sageway 63, non-return valve 5 and passageway 64.
Non-return valve 9 prevents the direct flow of fluid, via
passages 66 and 67, into passage 65.

In the event of assummetrical retract of the flaps the
shaft members 15 and 16 will rotate anti-clockwise rel-
ative to each other and cause the appropriate axial
movement of spool 25 to control the relative rates of
exhaust of fluid from rams 43 and 44 in a similar man-
ner to the control of the extension of the flaps de-
scribed above. Thus the retraction of the airbrake flaps
is controlled by the system and the occurrance of dan-
gerous excessive assymmetry is again avoided.

Although the synchronizing valve described above
incorporates a spool valve member arranged to be axi-
ally displaced in response to relative movement be-
tween a cam and a follower resulting from relative rota-

-tion between two co-axial shaft members, the synchro-

nizing valve could equally well be arranged to operate’
any convenient form of fluid flow control valve, other
than a spool valve, in response to relative movement
between a cam and a follower resulting from non-
rotational relative movement between two relatively
movable members,

Further, although the synchronizing system has been
described above with reference to the control of hy-
draulically actuated aircraft airbrake flaps it will be ap-
preciated that the system has a wide field of application
in the synchronization of the control of the movement
of hydraulically and pneumatically actuated compo-
nents in general.

I claim:
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1. A synchronizing valve assembly for controlling the
flow of fluid to and from two fluid pressure actuated
components so as to synchronize their movements
comprising: .

a. a housing having two relatively movable members
comprising inner and outer rotatable shaft mem-
bers mounted co-axially with one inside the other,
one member having a cam profile integrally ar-
ranged to be operatively connected to one fluid
pressure actuated component so that movement of
the component causes movement of said one mem-
ber;

b. the other member having a cam follower and simi-
larly arranged to be operatively connected to the
other fluid pressure actuated component;

c. a flow proportioning valve means positioned within
the housing and means connecting said members to
said valve so that relative rotation of the two- shaft
members along with the cam profile and follower which
results from non-synchronous movement of the fluid
pressure actuated components will cause the valve to
adjust the flow of fluid to or from the fluid pressure ac-
tuated components to re-establish synchronous move-
ment.

2. An assembly according to claim 1 wherein the cam
follower comprises a roller mounted on a shaft carried
by and extending at right angles to the inner rotatable
shaft member.

3. An assembly according to claim 2 wherein the cam
profile comprises a slot cut in the outer rotatable shaft
member and arranged to receive the roller.

4. An assembly according to claim 1 wherein the flow
proportioning valve means comprises a spool valve
member axially slidable within a bore-in the housing,
relative movement between the two relatively movable

members being arranged to axially displace the spool -

valve within the bore thereby adjusting the flow of fluid
to or from the fluid pressure actuated components.

10

6

S. An assembly according to claim 4 wherein the
spool valve member is supported at its ends in sealed
sliding contact within the bore, the portion of the spool
valve member between the sealed ends being of re-
duced diameter and provided with two axially spaced
circumferentially extending flanges which co-operate
with the bore to provide three axially spaced passage-
ways between the bore and the reduced diameter por-
tions of the spool valve member, one fluid pressure ac-
tuated component being arranged to be in permanent

fluid communication with one annular end passageway
.and the other fluid pressure actuated component being

arranged to be in permanent fluid communication with
the center annular passageway, the two annular end
passages being interconnected by an internal bore ex-
tending within the spool valve member, two axially
spaced circumferentially extending grooves provided in

_ the wall of the bore, the two grooves communicating
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with a combined inlet and outlet passage, a non-return
valve means disposed between the combined inlet and
outlet passage and the circumferentially extending
grooves, the non-return valve means being arranged to
supply fluid to the fluid pressure actuated components
via one groove and to exhaust fluid from the compo-
nents via the other groove, the flanges provided on the
spool valve member being arranged to co-operate with
the grooves to allow a substantially equal flow of fluid
to or from the fluid pressure actuated components
when these components are moving in synchronism,
axial displacement of the spool valve member resulting
from non-synchronous movement of the fluid pressure
actuated components being arranged to allow propor-
tionately more fluid to flow to or from one or the other
of the fluid pressure actuated components depending
on the direction of displacement of the spool valve

member.
* ok ok ok ok



