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“eral’ Motors Corporatmn, Detrox
poration of Delaware

:,_rs to Gen-

Application  April 23, 1949, Serial No. 89,192

9 Claims. .

1

This ‘invention relates to aircraft propellers

controlled as. to blade angle by fluid pressure sys-
tems,, artlcularly_ those-making -use of an accu-
mulator or. pressure- storing- device for -effecting

blade. angle changes. of. con51derab1e magnitude, ‘

Tt is a prmmpal obJect of the invention to pro-
vide for charge of the accumulator Whlle the pro-
peller -is_in ‘operatlon‘ but- ‘WIthQut‘ interfering
w‘ith,the;ﬂuid circuit feeding the blade angle con-
trol means.

A further object of the invention is to provide
for accumulator charge . that does not take all
of the. avallable ﬁow while blade angle or pltch
change is required.

-Another object of the invention is to provide
a system-in which the .entire-volume of the accu-
mulator . will' be avaﬂa_ble if necessary to com-
plete the function called for.

- Another object of the invention is to provide

tr1p means for malntalmng accumulator connec-.

tion.to the system though.the system pressure is
the higher.

Yet another object.of the invention is to pro-
vide.for applying- the accumulator pressure to the
system such that it-will not be 11m1ted -Or' con-
trolled by the pressure control valve of the system

Further objects. and advantages of the present
invention. will be. apparent from. the -following
description, reference being had to the accom-
pbanying drawings wherein a - preferred emb0d1-
ment of the present 1nvent10n is clearly shown

" In the drawings:

PFig. 1 is a schematlc view of ;the. ﬂuld c1rcu1t
for controlhng a propeller with :controlled pres-
sure-in the -pressure line, and a branch line. for

charging an accumulator under the: control of a
trip valve selectively admitting the accumulator

pressure to the pressure line.
Fig. 2-is a similar view, embodying a-modified
form of accumulator control valve. ‘
Figs. 3 and 4 represent altered positions of the
control.valves for the accumulator, shown in Figs.
1. and 2.respectively.

CFig, 5 is-a schematic sectional view longitudi-
nally -of g propeller mechanism .embodying the
subject-invention, particularly -the circuit shown
in Flg 1

In fuid pressure controlled ‘variable pitch pro-
pellers, regulation of the piteh to match the pro-
peller. .thrust %o the power being applied.by. the
engine is effected by the; :response of a valve, which
may be a governor valve of -several types, that
distributes. measured amounts. of fluid under
pressure- to one gide or.another of a ‘blade operat-
ing servomotor. There are also.instances when

(CI. 60—”51)

2
more thanmeasured. amounts of fluid under pres-
sure must be apphed 1o the hlade operatmg Servo-
motor for accomphshmg« a /des1red blade sh}ft

oh, attams the obJects and.
g the }d1fﬁcu1t1es by pro-

‘01 apparatus and in-
ressure ‘valve in that

) ama
trol calle 1.i0 varlable pressure con-

res sufﬁc1ent pressure

Thus aceumulator charge ‘and apphcatlon to’ the
pressure line is, thereby 1ndependenu of the pres-

mum pressure
aceur ulator

mlmmum pressure valve
‘nects W1th a check valve

s1te sldes of'a’ /lade sh1 mg servomotor 40 whose
plston 4i. actuates a’gear 42 turning a blade 43
about its, “pitch ‘chﬂ nge axis. Tapped into the
pressure. hne 2 be en. the mlmmum pressure
valve 10 and the‘C» ck al.ve 20 there is'a branch
passage . 22 connectlng '_1th a chamber 23 of the
variable pressure valve.!iﬂ,whose vanable control
is completed by a feed-~back line, 33 extending
from the pitch 'ncr line, 31, The part b is
prov1ded with' a’restrlctlon 6 that slows up flow
of ﬁu1d from the ump (N m 1ts passage. through
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open to passage 8 which is branched at 64 to con~
nect with an accumulator control valve assembly
10, 80 for selectively applying accumulator pres-
sure through 24 to the pressure line 21 at a point
between the check valve 20 and the distributor
valve 33. Selective control of the accumulator
pressure control valve is effected by manual oper-
ated means 90 as will presently appear.

A minimum pressure is established in the pres-
sure outlet 8, 5 due to the action of the valve unit
{8. The chamber 1 is fitbed with a plunger (3
headed at {4 to span the bore of the chamber
1i, the stem having a bore 15 opening from the
face of the head 14 and opéning by passages 16
to the outside of the stem to be in communica-
tion with the passages 3 and 5. A spring IT in
the chainber {1 disposed about the stem {3 tends
to move the head {4 toward the end of the cham-
ber to which is connected the pressure line 12,
there being spacing pads 18 to provide a slight
spacing between the head and end of chamber
{1 for pressure application from the bore I5. In
operation, when the pump i is operating the out-
put builds up pressure in chamber (I that is also
existent in the passage 5 leading to the resfric-
tion 6, and in the bore ¢5 of the stem which ex-
erts itself against the whole area of the plunger
head 14, which is opposed only by the same pres-
sure against an annular area of the head (4
around the stem 3, plus the force of the spring
i1 and centrifugal force acting on the plunger
and head due to the propeller rotation. The re-
sult is that the build-up of pressure will eventually
move the head i4 away from the end of the
chamber to open the passage into the pressure
line 12, thereby establishing a minimum of pres-
sure potential in the passage 3, 5 before any pres-
sure potential appears in the pressure line {2.

That minimum of pressure potential is provided
for distribution to the blade shifting servo-motor
by means of the distributor valve 30 after mov-
ing from the accumulator through the control
valve assembly. The fluid under pressure in the
line i2 flows through the check valve 20 by dis-
placing the ball check 25 against the spring 26
and flows on through 21 to,the pressure supply
port 34 of a sleeve 35 providing the ports 31 and
32. A speed responsive plunger 36 has lands 31
and 38 so spaced as normally to cover the poris
31 and 32 respectively, the end of the plunger 36
being pivotally joined to a lever 39 for transmit-
ting spring force to the valve plunger 36 in op-
position to centrifugal force resulting from rota-
tion of the propeller on which the control mecha-
nism is mounted. In the drawings the distributor
valve 39 is illustrated in the equilibrium position
in which the lands 37 and 38 stop flow of fiuid
from the pressure supply port 34 to either of the
pitch change ports 31 and 32. Under those con-
ditions there is no appreciable relief for the pres-
sure that is being built up in the pressure line
i2, 21 due to the continued operation of the pump
f. In this equilibrium position of the distributor
valve the build-up of pressure is felt all along the
way through the passages 3, 4, 5, 6, T and 8 {o
the accumulator, and all along the way through
the chamber i, 12 and 22 to the chamber 23 of
the variable pressure control valve which deter-
mines the maximum limit to which the line pres-
sure can reach at any time. It should be ap-
parent, that movement of the distributor valve
piunger 36 in either direction along the sleeve 35
from the position closing the ports 31 and 32 will
tend to relieve the pressure built up in the line
12,21. Any movement of 36 from the port cover-
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ing position permits fluid under pressure to fow
from port 34 to either port 3t or 32 and thence
by either passage 44 or 45 to one side or the
other of the piston 4i of the servo-motor 40.
Thus, the system must not only provide means
for protecting the fluid pressure lines against
damage from excessive pressure, but must also
be provided with means for insuring that there
will be sufficient pressure available in the pres-
sure line at all times to completely and quickly
perform any degree of operation called for by
the distributor valve.

The variable pressure control valve provides
sufficient control over the potential of pressure
in the pressure line during the normal propeller
operating conditions even though of the most
critical demands, and the accumulator with its
control mechanism are sufficient to take care of
any emergency, as will presently appear. The
build-up of pressure in the pressure line 12 is
applied through 22 to chamber 23 of the unit 50,
which chamber is traversed by a plunger 51 carry~
ing lands 5l¢ and 5i{b and damping head 5ic en-
gaged by a spring 52 and seated on g shoulder 23a
joining a reduced bore 23b surrounding the lands
5ie and 5!b. From the chamber 23 a passage 23¢
extends to a chamber 23d into which projects
the stem 53 of a headed plunger 53¢ urged by a
spring 53b to close a relief passage 53¢c. Upon the
rise of pressure to an excessive value, the plunger
83 will be moved downward tc establish com-
munication between chamber 23d and relief pas-
sage 83c, which spills back into the reservoir sup-
plying the intake 2 of the pump.

The pressure within the system rarely reaches
that point of blow-off due to the action of plunger
51 in first relieving pressure from the chamber
23 through port 54 and 54a to the reservoir, be-
cause the pressure in chamber 23 applies to the
annular area around the plunger 51 against the
end of the land 5la¢ and opposes the force of
spring 52 and centrifugal force on the plunger
assembly tending to move the plunger and lands
toward the top of the view. When the pressure
on that annular area predominates the plunger 54
moves downward and uncovers the blow-off port
54 which reduces the pressure in chamber 23
and consequently the pressure in the line 12,
That reduction of pressure is variably resisted by
an additional force applied from the pitch in-
crease line 44 through the passage 33 that opens
into the reduced bore 23b housing the spaced
lands 5l¢ and 51b. A neck portion between the
lands 5i¢ and 51b is apertured at $id to open
into an axial bore 5ile communicating with a
chamber 5(f of the reduced bore 23, making it
possible for the pressure in 33 to be applied
against the whole area at the end of the land 5ib
in assisting relation to the centrifugal force and
force of the spring 52 moving the valve plunger
to a closing position with respect to the port 54.
While the land b5ia is closing port 54, the land
5ib is also closing a passage 54b leading to a
leak valve 55 having lands 552 and 55b housed in
a. bore 56 opening with a leak orifice 56¢ into
The neck portion between the
lands 55¢ and 55b opens by 585c to an axial bore
55d communicating with the leak chamber 56b.
A spring 87 resists upward movement of the valve
55 since the spring is housed in an enlargement
56c of the bore 56, a relief or venting passage
being provided at 56d.

When the valve plunger 36 moves away from
the covering relation with respect to ports 31 and
32, there is connection of the supply port 34
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with: one: or the-other of ‘the:pitchishift portse31(
and 32 which connection:gives rise:to.a:momen-
tary reduction in-pressure in-the pressure line
£2,72 1 and which is transmitted - to the- chamber
23--of 'the pressure - control valve. ~The' fall .of
pressure there. permiits thelands.-Blq:and25id
to-move up slightly-closing-off :'somewhat, if:not
altogether; ‘the ports:54 and:54b, thereby imme-
diately -raising. the potential-of pressure in :the
line -12, “21,: to meet -the - pressure - demands -of
the ports 34 -and 32, If it-is-an instance in“which
the valve:plunger 36-moves:upwardly to -connect
pori-34 with port 8i, as for-increase pitch shift
which- usually ‘requires-the expenditure-of :more
energy,-then-in -addition to'the-increase-of-pres-
sure ‘provided-by the ‘movement -of valve 8 to
close the ports because-of lessened-pressure:on
the area of land: 5fa, there :is-applied- the in-
fluence of ‘the pressure -from.-44 through: 83 to
the under side -of land:£1b, or to chamber:5if
which assists-centrifugal-and:spring-force on the
valve ‘51 in closing ‘the -ports- 84 and 54b. That
results because the pressure applied at the neck
of -the -valve 51 between ‘the lands 5i¢ and - 5ib
passes ‘through 51d-and §te to the -echamber 51
where “it -is applied against the whole-area :of
the -land 51b -and cancels-out the-effect: of 'the
pressure from 22 -upon the-end-area of land:8la,
presuming -that ‘the pressures-in'passages-i2-and
33 connected by parts 24 and 31 are-equal.

‘Puring normal operation of the propeller while
it*is-being ‘regulated or-governed by the distrib-
uting valve, there-is designedly a bounteous sup-
ply of fluid under pressure:being delivered by-:the
pump i-into the system, the-supply being in such
surplus over what is-needed -for -continued - on~
speed -operation that there will -be more -or -less
a -continual -discharge -from ‘passages--58g, -56a
and ‘56d (Fig. 2) -into the reservoir. In the-on-
speed condition there is usually sufficient crack-
ing of the covering relation of land 387 and port
31 ‘that the pressure from:-port- 24 will -be-main-
tained thru port -31 to the increase pitch-side
of the servo=motor-48. That pressure is- de-
signed to oppose the natural -tendency -of ‘the
blade to. turn on its:pitch axis-toward-a pitch
decreased position. ' Flow :may -oceur-in passage
33 to the neck of valve ‘5{-between -the lands'§ig

and 51b and through 54b when-not-completely

covered by land 51b, to‘the neck of valve-§5 be-
tween.the lands 53¢ and §5b to flow through-55¢c
and 55d to chamber 86b and finally ‘through the
leak orifice 56¢. The rate of leak through 68 -is
controlled at two points. Under medium pressure
conditions in chamber 23 the land 5{b-may only
partly uncover opening 54b -such that when an
increasing pressure pulse is applied through-33,
that pressure will work through the passages-§id
and Sie in the chamber 51f to completely cover
the passage-54b. Then the flow to the leak-valve
is completely cut-off. If the pressure-in chamber
23 is so high that passage 54b is wholly-open then
2 pulse of pressure applied through 83 may:flow
therethrough to the neck of the leak valve 63,
There it flows through'58¢c and 55d:to the‘cham-
ber 56b, and there -if -not relieved by flowing
through the leak orifice -55a, exerts :against the
end face of land -55b to force the valve 55 up-~
ward against the -spring -57, and in'doing.so the
land 55b at-least partially-cuts off ‘the flow from
passage 54b. In these provisionsthe system: pres-
sure is always maintained-at-such a-potential of
pressure that the blade shift-called -for by ‘the
distributing valve-is always-acecomplished.

“The charging of ‘the accumulator, andthe-ap-
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plication of its stored energy ‘does:not interfere
with the system pressure at any time. By reason
of:the:restriction: 8. charge -of the accumulatoriis
retarded until the pressure in‘the line :42,:21.:is
builtup:to a minimuym value, it :then occurring by
flow: of fluid under pressurethrough the restric-
tion:§.and :check valve 1. to the storage chamber
83: of the.accumulator. . From the:storage cham-
ber:63.of the accumulator the branch 64 leads:to
the: accumulator control valve. 18, 88 through
branches:§5,.66 that.end.at: a pressure actuated.
valve Tl and a pilot-valve 81 .respectively. 'The
pressure:actuated valve 71 :is urged to port. clos-
ing position by .a . spring 72, while a :pressure
chamber 73:hias.a cross connection 14:to the pilot
valve:s8l that controls:a.port 82, admitting.accu-~
mulater pressure to the.chamber 18 for shifting
the pressure actuated valve T1. . Whenthis.valve
is actuated.it eonnects the accumulator line 65:to
the pressure.line2i by passage 24:at.-a:point be-
tween the.line.check valve20.and the.distribut-
ing-valve:38. "The valves Ti and 81 are-housed;in
bores 15 and:=83 respectively, each having proper
ports:and connections-one:with another. to-effect
selected operation of the:control valve when:a
trip member 84 is actuated by the. pilot.

i.In the specific form of control valve ofFig.:1,
the -pressure actuated wvalve Tl .provides-a large
diameter head Tia traversing -the larger:section
of ‘the -bere 15 housing :the-ispring “72 -and:is
adapted to move to eitherside of.a:port 18, open-
ing ‘into the passage 24. ‘A.coned portion Tfd
seats:on a shoulder 1Cb.at. the juncture with.a
reduced portion 7Tig.of the bore :which ends:in
the pressure chamber I3 heretofore mentiened,
and idisposed at the.end-of a piston Iic on'the
yvalve ¥, "The -passage 74.:leads from {he cham-
ber8-and opens intc-a -reduced -portion.83a.of
the bore 83 for the pilot.valve, the :reduced por-
tion: joining the larger portion by -a-shoulder
forming a.seat or port 82:for -a conic .valve ele-
ment- 8ia urged to:closing .position by -a spring
5, the valve ‘8i:having a portion- 81t extending
oub-of the bore 83a to engage the trip member 84,
‘As the -control valve is shown in Fig. 1, the-ac-
cumuiator pressure is elosed .off ‘fremn:the: pres-
sure-line- 24, ‘but - may be cennected thereto by
movement of the member:84 1o’ depress the ‘valve
81 -which lifts -the head 8¢ from: the port B2.
‘When that is done, the fluid under pressure-in‘the
accumitator: &8 -may fow--through 64,68, 83,
‘82, ‘834, and ¥4 -to the pressure -chamber I3.
That pressure acting on the piston -Tic :pushes
‘the valve 11 against the. spring 2 -to lift the
coned part Tib from -the :port: T8b :so that the
accurmulator - pressure. in -branch--%6% -may 2then
flow-into -bere 18q-and ‘through port 1856 -to :the
‘chamber 75b onthe right side-of the head Tlq,
‘which-operates-te-move the head to-the left hand
side of ‘the -port -78a - opening to ‘the passage:-24.
‘These conditions-of the valve are shown in Fig: 3.
The -accumulator-pressure is -now - directly -con-
nected-to-the line 21 through the elements 64, 65,
F5a, 78D, T8, 16a and 24, and is-adapted to flow
to-the bladernroving serve-motor as determined-by
‘the -position- of the- distributing valve--38. - The
‘vaive Tt remains open for-that connection so leng
-as'there is'flowagainst-the right-hand side ofthe
head ¥ a, but-as-soen as the-flow stops, the pres-
‘sure-on-opposite -sides -of the head Tfa becomes
equal -and -the -valve-closes against -the -port ‘185
under ‘the -influence -of :the- spring.- 2, .the - ex-
posed-area -of ithe: cone’ 7ib being-equal - to the
-greas-of ‘the ‘piston Tic -such: -that there -is ‘no
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moment of force tending to hold the valve Ti
open.

In the specific form of control valve assembly
shown in Fig. 2, the pressure actuated valve Ti
is of cylindrical form having two portions Tid
and Tie separated by an annular groove 1{f with
a longitudinal bleed 7lg connecting each end face,
there being provided stop portions Tiz and Tii
adapted to engage the opposite ends of the bore
15 so as to form the pressure chamber 13 and
a spring chamber T3¢ housing the spring 72. In
the accumulator closing position of the valve Ti
the stop 7i2 is against the left hand end of the
bore 15 so that the portion 1id closes port 65a
from the accumulator and port 78a to the pressure
line 21. The pressure chamber 73 is connected
to the bore 83 of the pilot valve where the port
82 is closed by a cylindrical portion §ic when the
valve 81 is maintained in the set position gshown.
Spaced from the cylindrical portion 81c¢ there is a
guide land 81d and an abutment portion 8ie en-
gaged by the spring 85 which pushes the valve 81
toward the left as shown to engage a latch 84a
on the member 88. In the unlatched position of
the valve a stop 8i7 in the reset chamber 83¢ may
engage the end of the bore 83 when the valve
portion 8ic uncovers the port 82 which then con-
nects with the groove 81¢g between the portions
8ic and 81d to which the passage 66 is always
open, thereby connecting accumulator pressure
from 66 through 81g, 82, and 74 to the pressure
chamber 13. That fluid connection is made when
the member 84 is tripped to release the valve 81
which moves to the left from the illustrated posi-
tion in Fig. 2 to the position shown in Fig. 4. The
accumulator pressure in chamber 13 pushes the
valve Tl against the spring 72 until the stop 112
engages the end of the bore 15, in which both
ports 65¢ and 18a are open to the chamber 13 so
that accumulator pressure may now flow from 64
through 65, 65a, 13, 10a, and 24 to the line 24 at a
point between the system check valve 20 and the
distributing valve 38 to be directed to the blade
moving servo-motor. The valve Tl in so moving
closes a port T76a and opens a port 16b of a pas-
sage 16 connecting the reset chamber 83¢ with
the bore 15. In the accumulator closed position
of valve T{1 the port T6a normally connects with
the groove Tif of the valve which is also open in
that position to a relief port 18b leading back to
- the reservoir from which the pump 1 takes up its
supply. In the connecting position the ports 10b
and T6¢ are both closed, but the port 716 is open
to the groove Tif which now also opens into a
groove 10c¢ along the side of the bore 75 and which
opens to the passage 24 by means of a pipe 24a.
The chamber T3¢ is always open to the pressure
in 21 and the bleed Tig communicates the same
pressure to the chamber 73, which in the valve
closing position is line pressure. In the con-
necting position the chamber 13 is exposed to ac-
cumulator pressure from 24, 24q, and which pene-
trates along 78c, around 7if, and through 16b
and 16 to chamber 83a where it presses upon the
end of 8ic to move valve 81 against the spring
85 until the latch 84q drops behind the abutment
8le, thereby closing the port 82 leading to the
pressure chamber 13. The accumulator pressure
being cut off from the chamber 13 the valve Ti
now coasts back to the set position under the ac-
tion of the spring 72 and the bleed Tig. In other
words, the pressure actuated valve 71 contfinues in
the accumulator connecting position so long as
the fluid under pressure flows through 65¢ and
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10a, which like the structure shown in Fig, 1
is controlled by the distributing valve 30.

The initial control of the distributing valve 30
is effected by the movement of some member con-
nected with the correlating device 90 embodying
a control ring 91 maintained against rotation
while the propeller mechanism rotates relative
thereto so that shoes 92 and 93 of the rotating
device ride in a groove 94. The position of the
confrol ring 9( is controlled by a screw device 85
or otherwise so that the ring may be shifted axially
for moving a fulcrum 96 along the length of the
lever 39 of the distributing valve 30, and for mov-
ing an actuator 97 to start feathering and un-
feathering. The lever 39 of the distributor valve
is held in contact with the fulcrum 96 by means
of a spring 98, and movement of the fulcrum 96
along the length of the lever 38 determines the
effect that centrifugal force will have on the valve
36 and lever 39 moving against the force of the
spring 98. In the positions shown in Pigs. 1 and
2 the valve 36 is shown in the equilibrium during
which the propeller would be operating at a se-
lected speed. If the fulcrum $§6 is moved to a

5 new position a new set of conditions will obtain at

which equilibrium would be established between
centrifugal force and the force of spring 98, which
gives rise to a different speed of propeller opera-
tion. Movement of the fulcrum 56 may be for
other than selecting a new speed for propeller
operation, such as for feathering or for un-
feathering the propellers. That movement in-
volves movement of the fulcrum to a reverse side
of the line of force application from the spring
98. If the movement is for feathering the pro-
peller, then the fulerum will be moved from some-
thing like the full line shown to the dotted line
position indicated at 96¢. Centrifugal force will
then be assisting the spring force and the valve
36 will move upwardly to connect supply port 34
with the increase pitch port 31 leading to the
servo-motor 40. If the movement is for unfeath-
ering the propeller, then the fulerum will be
moved from the dotted line position at 96a to
something like the full line position. Since the
propeller is at rest when the fulcrum is moved
from the feathering position, there will be no
centrifugal force applied to the valve and the
spring force will move the valve 36 inward to con-
nect supply port 34 with pitch decrease port 32,
leading to the servo-motor 40,

Coincident with moving the fulcrum into and
out of the feathering position the actuator 97 is
operable to trip the accumulator control valve
70, 80 to supply the power for effecting the shift.
In Fig. 1 the actuator 81 has a cam 89 operable to
engage a part (80 of a pivoted lever 18t whose
arm 102 swings the member 84 in g manner to
depress the part 8ib of the pilot valve, and start
the flow of accumulator pressure as has been de-
scribed. The member is actuated whether the
fulerum is moved either to or from the feather-
ing position. When the fulerum is moved to the
feathered position at 96¢ the cam 88 will be at the
position 99a preparatory to again trip the mem-
ber 84 when the fulcrum is moved to the un-
feathering position. Should feathering be called
for at a time when the propeller is rctating at
high speed, it is possible that the controlled pres-
sure in the control line 12, 21 and consequently in
the bore 75 of the pressure actuated valve 71 is
so high that unseating of the valve 8l¢ would not
create sufficient differential on the valve Ti to
open the port 70d, for accumulator pressure flow.
In order to have the proper connections available



2,556,700

9

for that: flow when the speed falls far enough to
reduce: the 1ine pressure:in 15, a centrifugal re-
sponsive-member. 103 is.adapted to:slide to a posi-
tion: behind the end of: member: 84 so as to hold
the pilot valve open at the port 82. A.spring 104
withdraws the member 103 when the speed or
pressure falls to-a proper.value.. When the feath=
ering function is completed,.all of the parts re-
tirn - to. the normal position trapping the re-
maindeér of fluid’under: pressure in the accumu-
lator: Inthe form shown in Fig. 2, the actuator
97 ‘moves a cam: 99" into- contact with the riser
{05 0f the member 84 to rock it about a pivot
106-against a spring 107 tending to maintain the
latch 84e in place, Once the latch 84¢ is with-
drawn, the pilot valve 81 moves to the:left and
stays there until the shift of the pressure ac-
tilated valve 7F moves-to close the port 76a and
connect port T6b with:T0c. Therefore high pres-
sure in the lines 12,21 at the start of feathering
will eventually fall so low as to present the re-
quired differential on valve 11 and it will shift
when the conditions are right for its completing
the function. From the dotted line position 99«
shown in either view, the-actuator may be moved
toward ‘the full line position for unfeathering,
and that movement again trips_the_control valve
and connects the accumulator with the line as
hags been:deseribed;

Fig. 5 shows an installation: of apparatus.pro-
viding thefluid-circuit:shown:in Fig. 1,.and graph-
ically shows a gear casing or engine nosing 110
from which extends a propeller shaft {11 -mount-
ed.in bearings ‘112 secured to the nosing; there
being .clips 113 “secured-thereon between which
engages a lug 114 extending from a-sleeve 115 and
from which radially extends a toothed flange 116
engaged by a pinion {17 attached to the pump 1.
The pump 1 and all of the control elements and
connections therebetween are mounted on a plate
{18 supported by the propeller -hub (19 carried
by the shaft {1 to which it is secured in driving
relation by means of splines (28 or the like. A
cover 121 secured to the edge of the plate 1i8
encloses all of the control elements and provides
a reservoir {122 for storing the fluid medium on
which the control mechanism works. The sleeve
115 extends rearwardly out of the reservoir to
make connection with the clips 113 and therefore
holds the toothed flange {16 against rotation
within the reservoir §22 so that rotation of the
propeller will cause the pump driving gear {17
to roll around the flange f1§ in developing the
fluid pressure needed. Qutside the cover there is
a circular rack {23 having an arm {24 to be os-
cillated by a rod or wire 125 and in doing so ro-
tate a plurality of pinions 126 provided for the
screw shafts 85 that operate to shift the control
ring 91 as has been described. The hub 119 pro-
vides a plurality of sockets 127 each of which
pivotally support a blade 43 that is rotated in a
pitch changing sense by the servo-motor piston
40, 41, the rotation of the several blades being
equalized by the master gear 128. The accumu-
lator 68 is mounted on the front of the hub and
has its fluid connection 8 leading back through
the hub to connect with the control valve assem-
bly 70, 88 as has been described. A push or pull
on the member 125 will select the operating con-
dition desired by the pilot, and will enable him
to select the speed at which the propeller will
operate, or will make it possible for the pilot to
either feather or unfeather the propeller,

While the embodiment of the present invention
as herein disclosed, constitutes a preferred form,
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10
it.is to be understood that other forms might be
adopted: .

What is:claimed is-as follows:

1. Hydraulic - control means for an aircraft
propeller;. comprising- in -combination; a source
of fluid ‘under-pressure and-a pressure line for
conveying the-fiuid under pressure to pitch con-
trol devices including a fluid: pressure - servo-
motor and .a-distributing valve, a miniraum pres-
sure-valve inthe line between  the scurce and
distributing valve, an: accumulator and control
valve:assembly connected to the:line and shunt-
ing: thé minimum' pressure valve:whereby the
accumulator may be charged without interfering
withi-the -fluid ‘pressure ‘line to: the. pitch control
devices.

27 Hydraulié- control means: for an aircraft
propeller, comprising ifi:- combination, a. source
of “flilid undeér :pressure including a pump and
a;/pressure lifie for conveying the fliid under pres-
sure to- pitch control’ devices including a:. fluid
pressure - servo-motor and-'a distributing valve;
pressure--storing  means- iricliuding ' an acecumu-
lator, means in the lihe for insuring a minimum
operating pressure to-be:delivered to the accu-
mulator, variable pressure control means. coi-
nected to the:line: for: controlling the pressure
fluid applied by the distributing valve in accord-
ance with the power needs of the servo-motor,
means connecting-the accumulator to the pres-
sure line -hydraulically ahead of thHe minimum
pressure - means, an’ accumulator - control’ valve
assembly hydraulically connecting the accumu-
Igtor to the pressure-line at & point hydraulically
after the variable pressure control valve, whereby
the regulated fluid-pressure-from the pump dis-
tributed by the distributing valve -may be sup-
pléementéd by accumulator pressure.

3. The combination set forth in claim 2 wherein
the accumulator is charged through a restricted
passage and check valve exposed to source
pressure,

4, The combination set forth in claim 2, where-
in the variable pressure control means includes
an equal area valve controlling a constant bleed
of fluid pressure from the pressure line to the
pitch increasing side of the servo-motor.

5. Hydraulic control means for an aircraft
propeller, comprising in combination, a source
of fluid under pressure and a pressure line for
conveying the fluid under pressure to pitch con-
trol devices including a fluid pressure servo-
motor and a distributing valve, a fluid pressure
accumulator and connections to said source for
charging the accumulator independent of said
pressure line, valve means in said line and ex-
posed to the pressure source for establishing a
minimum pressure potential in said accumulator,
pressure control means connected with said
pressure line for determining the maximum po-
tential of said line, a check valve in said pres-
sure line operable to admit controlled pressure
to the distributor valve, and accumulator control
means for applying the pressure charge of the
accumulator to the pressure line at a point be-
tween the said check valve and the distributing
valve, so that the accumulator pressure may bhe
added to the pressure line without being altered
by the pressure control means.

6. The combination set forth in claim 5, where-
in the accumulator control means comprises a
hydraulically operated valve exposable to the
pressure of the accumulator and to the pressure
line, and control valve means for  selecting
whether the accumulator pressure or the line



2,556,700

11

pressure shall be applied to the hydraulically
operated valve, and means whereby the accumu-
lator pressure applied to the hydraulically oper-
ated valve will move that valve to a position
connecting the accumulator pressure to the line
and maintain that valve in the connecting posi-
tion sc long as accumulator pressure flows into
the pressure line.

7. The combination set forth in claim 5, where-
in the accumulator control means comprises a
hydraulically operated valve exposable to the
pressure of the accumulator and to the pressure
line, and control valve means for selecting
whether the accumulator pressure or the line
pressure shall be applied to the hydraulically
operated valve, and means whereby the accumu-
lator pressure applied to the hydraulically oper-
ated valve will move that valve to a position
connecting the accumulator pressure to the line
and mainfain that valve in the connecting posi-
tion so long as accumulator pressure flows into
the pressure line, said last named means in-
cluding a pivoted lever for actuating the control
valve, and a speed responsive member operable
to hold the lever in control valve open position.

8. The combination set forth in claim 5, where-
in the accumulator confrol means comprises a
hydraulically operated valve exposable to the
pressure of the accumulator and to the pressure
line, and control valve means for selecting
whether the accumulator pressure or the line
pressure shall be applied to the hydraulically
operated valve, and means whereby the accumu-
lator pressure applied to the hydraulically oper-
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ated valve will move that valve to a position 35

connecting the accumulator pressure to the line
and maintain that valve in the connecting posi-
tion so long as accumulator pressure flows into
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the pressure line, said last named means in-
cluding a spring and an opposing piston face on
said hydraulically operated valve exposed to the
accumulator pressure during flow from said ac-
cumulator.

9. The combination set forth in claim 5, where-
in the accumulator control means comprises a
hydraulically operated valve exposable to the
pressure of the accumulator and to the pressure
line, and confrol valve means for selecting
whether the accumulator pressure or the line
pressure shall be applied ‘to the hydraulically
operated valve, and means whereby the control
valve means is spring pressed tc normally con-
dition said hydraulically operated valve to inter-
rupt connection between the accumulator and
the pressure line, manually operated means are
provided for tripping fthe control valve means
for applying the accumulator pressure to the
hydraulically operated valve for connecting the
accumulator pressure with the pressure line, and
means for resetting the control valve means
preparatory for a succeeding connection of the
accumulator with the pressure line.

RICHARD E. MOORE.
DAVID ALLEN RICHARDSON.
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