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John E. Anderson, Portland Conn., assignor to
United: Aireraft . Corporatnon,‘East “Hartford;
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Appllcatlon i

18 Clalms
RS S

1

This invention relates-to an lmproved propellel
construction and’ pal ticularly to‘an improved‘sélf
contained: ‘propeilér- “hHaving ‘a stationary control
§ystemand -an-oil supply; for the‘propeller-and
controls, mdependent of the englneulubncatmg
sy.;tem B

¥ Atvobject of this 1nvent10n is a propeller -con-
trol unit® Wlth a-hon- rotamng controlsystem for
stpplying’ ‘pressurs- fluld to 1otat1ng prOpeller
1‘3 chi*changing méch (R SRR

SA further obhject “isa/ propeller control umt
haviilg' a - propéller-carried-non-rotating: ‘control
system, including o fliid" supply-independent- ‘of
the engme Tubticating-systent, for supplying pres-
sure -fuid: 1o~ rotatlng ipropeller pltch changmg
‘mechanism.’ g
HUALSHIT Firther obJect is a propeller control umt
havihg a-gropeller-earried ‘nox-rotating ‘control
Eystein including mealis-for -controlling the same
to-effect eonstant speed control featzhermg and
reversmg Lo SRS e
TUACEEHT further ob}ect isa non-rotatmg control
in=g ‘propellers control umt with prowswns for
-1nverted ﬁ1ght s
I gt Turther oblect is to prov1de a self con-
tained propeller-control unit ‘Wwhieh may ‘be ‘com-
Bletely “assetnbled - before being secured on* the
propeller shaftand which delivers-oil-from’ ‘the
control unitto-the propeller ‘but ‘does not ¥ u_ €
% specigl” or-modified- ‘propellér  shaft: “

A still further object is an 1mproved propeller i

hydrauhc control system ONEIR AR
o’ the spec1ﬁcat1on and” claims’‘and fromthe
-accompanymg -drawings ° .which~-illustrate “what
‘{8 how-
ment of the invention.™

Flgure 1 ig'a‘side‘view, with one blade removed
of the’ proueller ~control ‘Unit-of ‘this application.
- Pigute 2'is'a schiematic side’ v1eW showing-the

considered to” be ‘the oreferred emboda- :

.
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ydrauhc control system and the pltch changmg ]

méchanism.
“LPigure 3is a schematlc diagram of the electrlcal
and hidraulic cireliits of the control. B
Cgire 4tis g “berspective view; with portlons

45

broken away, of ‘the control unit, removed froma:

the’ propeller, lookmg at the control umt 3
the propeller s1de nres
“Pigure '5 i 3 somewhat schematic diagram

showing, in’ an’ end view, the hydrauhc oontrol

‘eiféuit and the arrangement of: parts:

taken' ot line 8-<§"of F1gure 4 showmg the con-
o trol ‘moéunted on the propeller hub: =7

Figlire 6 i§ o' ‘section through: the control umt

50

Figure ’7 18" a’detalled seotional v1ew taken on 55

[: rch 30, 1949 _Serla.l No. 84, 305
(CL 170=160.2)

2
line 1-—T of Figure 4 showing the air relief valve.
- 'Various-attémpts have been made to construct
a propeller having:the advantages of a self-con-
tained ‘propeller ‘and also the: advantages of hy~
‘draulic-actuation -of the propeller pitch chang-

‘ig ‘mechanism:while at the same time providing

& structire which-‘would not-require modification

‘of ‘the ' propeller shaft or engine nose mechanism

to provide oil:passages therein. - One of the ob-
Jectives'is -a -¢complete:propeller which can be re-
moved and replaced as a unit with a minimum of

Bdjustment and-connections to be made upon in-

stallation: or-removal.-: Some such 'attempts -have

feduired: that the propeler: controls be bolted:-to
‘thet engine nose and.the propeller placed -sep-
‘wrately‘on the propeller shaft which requires con-
giderable adjustment- when :the propeller-is .as-
‘sembled on- the propeller shaft and connected
with:the confrols.-

Other such attempts have re-
guired-that the controls and oil reservoir rotate
with' tie :propeller. =Applicant has invented .a
hydratlically- eontrolled:-propeller:in which (the

‘0il reservoir and’coritrols-are stationary-and:are
‘rotatably:-supported on bearings on the propeller

and-tHe oil' contections between the controls:and

“the propeller-are ‘made through the propeller hub
-80: that no modification of the propeller: shaft:is
‘required:-to- provide:'the ‘necessary  oil passages.

By~this: construction applicant is able to -utilize

-6il-6f ‘any desired-characteristic for-operating the
‘propeller :and no:longer has to rely on the lubri-
‘cating oil-of the engine as propeller operating 6il.
‘Such a-propeller-constitutes a unitary structure
“fvhich-may be'complétely: adjusted -on the bench

prior to assembly on the propeller shaft-and
then assembled-on-the propeller shaft without
further adjustment.  The hydraulic control -sys-

“tem-remains-stationary and is electrically con-
‘trolled from a convenient control station to pro-

‘vi"dé;"in‘addition“to -constant speed control; means
for feathering; unfeathering, reversing, and-un-
reversing the propeller. This is'all accomplished

“in g'unitary mechanism in'which the oil‘reservoir

and all"the control elements are arranged in‘a
non-rotating unit*and act to control the flow of .

“hydraulic fluid ‘to and from the hydraulic -pitch
‘‘changing mechanism in the propeller: W1thout the
;use of any-external oil'¢onnections. - -

~In*the drawings which illustrate a inechamcal
cohstruction which* is* now -considered-the pre-

~férred form of the invention; thecontrol unit is
“indicated ‘generally at -10°'and is shown:as rotata-
‘bly: supported on'bearings  on-the propeller-unit,
“generally -indicated.-at12.
‘includes a-bearing sleeve 14 which is telescoped

FRE S AN AN RN A T

~The- control -<unit- 10
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with and supported on an axial projection 16 on
the hub (8 of the propeller 2. The sleeve (4 is
secured in position on the hub and held against

xial or rotational movement thereon by notched
rings 20 and 22. Sleeve 14 is provided adjacent
the propeller hub with upstanding lugs 24. Ring
22 is provided with depending lugs 26. The ring
22 has a diameter at the inner side of the depend-
ing lugs 25 substantially equal to the diameter
of the outside of sleeve {4 for a length substan-
tially equal to the open space between the up-
standing lugs 24 so that ring 22 with its depend-
ing lugs 26 may be assembled onto sleeve 14 and
rotated so as to engage the rear of upstanding
lugs 24.

Ring 28 has depending lugs 28 and an inside di-
ameter equal to the outside diameter of sleeve 14
so that ring 20 may be placed over sleeve (4 and
in the plane of upstanding lugs 24.

As shown in Figs. 4 and 6, ring 20 may be fas-
tened by means of cap screws 30 to the hub (8.
Rings 20 and 22 may then be secured together by
means of cap screws 32 threaded into ring 22.
When thus assembled, ring 22 will axially posi-
tion sleeve 14 and the control unit relative to the
propeller hub and ring 20 will prevent relative
rotational movement of the hub {8 and the sleeve
(4. Relative rotational movement of sleeve 14
and hub 8 would be prevented by contact of the
lugs 24 and 28.

The propeller may be of any type utilizing hy-
draulic fluid for piteh changing and preferably
having the propeller pitch changing motor carried
by and rotating with the propeller. In the pre-
ferred form, the pitch changing motor comprises
a piston mounted in a cylinder 34 and by means
of cam slots 36 and cam rollers, not shown, turns
a connecting cear 38 geared to the propeller blades
40 to thereby change the propeller blade pitch.
Oil may be selectively directed to either side of
the pitch changing mechanism by means of con-
duits 42 and 44. The propeller is secured to a
propeller or engine shaft 46 supported in the usual
manner by bearings in the engine or engine nose.
For further details of these propeller construc-
tions, reference may be made to Patent No.
2,477,868 of George W. Forman, filed April 17, 1946
and issued August 2, 1949. Reference may also be
made to Patent No. 2,371,873 of Erle Martin, is-
sued March 20, 1945, for a further disclosure of a
suitable type of propeller for use with the control
of this application. As this type of propeller is
now well known, further detailed description
thereof is believed to be unnecessary.

Hydraulic fluid is led from the control mecha-
nism to the propeller through the conduits 42 and
44 in the propeller hub, Conduit 42 leading into
the hub outside of propeller shaft 46 and through
suitable connections such as shown in Patent No.
2,471,868, is led to the forward side of piston 32.
Fluid may also be led through conduit 44 in the
hub to the interior of the propeller hub and the
space to the rear or inboard side of piston 32.
Suitable means such as a gasket 48 prevents flow
of oil inboard along the propeller shaft, the
propeller surrounding the outboard end of the
propeller shaft closes the outboard end against
the loss of oil in the outboard direction. Oil from
the control mechanism is directed into a groove
50 in the outer surface sleeve {4 which is con-
nected by suitable passages 52 with a groove 54
on the inside of sleeve (4, which when assembled
on hub projection 16, is in hydraulic communica-
tion with conduit 42. Oil may also be led from the
control unit into groove 56 in the exterior of
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bearing sleeve {4 which is connected by suitable
passages 58 with groove 80 formed in the interior
of bearing sleeve (4. Groove 60, when assembled
on the hub projection 16, is in hydraulic com-
munication with the conduit 44. A groove 62
located between groove 54 and 60 is not utilized
for any special function in the structure shown in
this application. A series of O ring seals 64, 66,
68 and 70, located between the sleeve 14 and hub
projection {6, define these grooves and serve to
prevent oil leakage therefrom. The threaded por-
tion 12 located at the inboard interior of sleeve {4
is provided to assist in removing the sleeve and
the control unit from its assemibled position on
the hub projection 16.

The control unit {0 comprises a main casting 14
which supports all of the various control elements
including the governor valve indicated generally
at 16, the scavenge pump, indicated generally at
18, main pump and its connections, indicated gen-
erally at 80, the auxiliary pump and motor, in-
dicated generally at 82, the various valves and
their controls, to which reference will be made
hereinafter, and the oil reservoir, indicated gen-
erally at 84. The various control elements are
preferably separate units bolted or otherwise re-
movably seured to the main casting. A bearing
sleeve 86 is secured in main casting 14 and serves
to rotatably support the entire control system on
the bearing sleeve {4 which is secured as previous-
ly described on the hub projection f6. Bearing
sleeve 86 is provided with a bearing metal such
as babbitt on its inner diameter and inboard face
which provides a bearing surface cooperating with
the outer surface of bearing sleeve 14 to provide
a suitablie running joint and oil seal between the
stationary control unit and the rotating propeller
unit. Asshown in Figs. 6 and 7 upstanding flange
i22 of sleeve 14 projects between one end of bear-

» ing sleeve 86 and a thrust plate 81. Suitable fas-

tening means such as screws, not shown, secure
both the thrust plate 81 and sleeve 86 to main
control casing T4. Flange 122 being positioned
between bearing sleeve 86 and thrust plate 87 posi-
tions the entire control mechanism with respect
to sleeve {4. Sleeve (4, as previously described,
being positioned with respect to hub {8, therefore
serves to locate the control mechanism with re-
spect to the propeller and maintain them in as-
sembled relation.

Four grooves 88, 93, 92, and 94 are provided in
the outer surface of bearing sleeve 86 and, like
the grooves in the interior of sleeve {4, are pre-
vented from leaking by means of suitable O ring
gaskets. Suitable passages lead from groove 94
through sleeve 86 to groove 56 in sleeve {4 and
other passages lead from groove 88 through sleeve
86 to groove 50 in sleeve i4. Groove 90 is not
utilized for any special function in the structure
shown in this application and the passages lead-
ing from groove 92 to groove 62 are not utilized
for any special function. Suitable passages led
from grooves 88 and 94 to the governor valve
which being thus connected with the propeller
pitch changing mechanism controls the flow of
oil to and from the pitch changing mechanism.
Groove 92 is connected with the output of the
main pump. Various passages in the main cast-
ing connect with groove 92 to deliver the output
of the main pump to the low pressure relief
valve, indicated generally at 96, high pressure
relief valve, indicated generally at 98, and to the
governor valve 100. A passage (02 connects an
auxiliary pump 104, driven by auxiliary motor 106
with passage 92. As will be explained later, this
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auxiliary pump and motor are used to provide
pressure. fluid when the propeller. is not rotating
and the main pump.is consequently idle.

A main sump.or.reservoir is formed. at one side
of the main casting 14 .of the control unit which
is the lower side when the control unit is in.its
normal upright position, by means of a.curved,
trough-like cover 108 secured .to the lower por-
tion of main casting 14 by cap screws {10 .and
sealed by suitable gaskets fi2. Bolts 114 are
utilized to prevent expansion.of the cover by.the
pressure usually carried in the reservoir. The
main pump 80 is enclosed by.the cover 108 and
comprises.a gear pump 16 driven through gear
18 by a gear 120.formed on an upstanding flange
122 on the inboard side of sleeve.l4 secured to.ro-
tate with the propeller. Pump 116 has an inlet
124 located near the bottom of the reservoir. This
inlet, however, is spaced from:the bottom of-the
reservoir a greater distance than inlet .26 lead~
ing to.auxiliary pump 184 so that in the event of
failure of .the propeller to change. pitch due to
lack of oil- it may. still.be possible to feather the
propeller by means of the auxiliary motor which
can still pump. oil if .the lack of oil is.caused by
the level falling just below the inlet to the main
pump.

Provision is also made for supplying oil.to the
main pump during inverted.flight. A gravity ac-
tuated ring 128, slideable:in a cylinder: 128 is. nor-
mally held by gravity in the position shown in
Figs. 4.and-5 so.as to.close orifice 132 and leaye
inlet 124 unobstructed. -When the control unit
is inverted as in inverted.flight, ring {28 will be
.moved under the influence of gravity.to a position
closer to the gear pump:(i6 to thereby close:in-
let 124 and open orifice.132 which is connected by
a.conduit to an inlet 134 located near the top of
the. oil reservoir which, of course, would be.the
bottom of the oil reservoir in:inverted flight. It
should be noted that both the oil and ring. {28 are
positioned. by the same force, normally grayvity,
so that other forces such as.acceleration which
might displace the oil would also displace the ring.
" As stated above, oil from main pump 116 is led
to passage 92 and thence. to:the governor. valve
100 from where it is directed in the usual manner
by.the governor to.the proper side.of the pitch
.changing motor to maintain constant propeller
-speed by varying the. propeller pitch. ~The. gov-
.ernor is driven from gear.129 by gear:136 and. a
pair of bevel gears as. shown in Fig. 4. The gov-
ernor comprises the usual flyweights 149 opposed
by .a speeder spring whose- tension may be-ad-
justed in a well known.manner: by. an _electric
motor, -not .shown, which in turn may be .con-
nected to controls from the pilot’s cockpit. : Pres-
sure oil is.also led through passage 144 to solenoid
actuated feathering valve 146 and solenoid actu~
ated reversing valve 148 . which are normally
closed. 'Actuation of the feathering valve will
direct pressure fluid through conduit 158. to the
underside piston 152 on the lower .governor valve
100 to thereby raise the governor valve 160 and
connect pressure fiuid with groove. 88 and.the
prtch increasing side of the piston 32 of the p1tch
changing motor.

Actuation of the reversing valve will direct
pressure fluid from the passage 144 to. passage

{54 leading to a piston 155 on the top.of the.

governor valve 408 thereby forcing the pilot valve
-down to-direct pressure fluid from groove 92 into
groove 94 and thence to the pitch. reducing side
of the piston 32 in the pitch changing motor.
Pressure. oil is also led from- the passage 92 to
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- 86 will collect in drainage areas 146 and 112 which
are sealed by sultable gagkets, two of’ wh1ch ate
1ip type gaskets-17i,
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ting of relief valve. 96

at 170,

.phere through the.valve {72..
svalve: {10 shown in Pigures 4,.5 and i compt

the front face of plunger 56 of relief valve 96
which is urged mto closed posltmn by sprmg 158,
The relief. settmg of rehef valve 96 is normally
determined by the capaclty of sprmg 158 but may
be increased by leading 011 under pressure to the
backs1de .of plunger I56 This is accomphshed
by.a shuttle valve, IGO one 51de of which. is con-
nected with the reversmg valve 148 and the upper
side of prston l55 on the governor valve 100 and
the other side of wh1ch is connected w1th the
groove ;88 leadmg to the pitch increasing side of
the pit ,,_changmg motor Hence, whenever the
reversmg valve ‘is opened or whenever pressure
fluid is being- led to the pxtch increasing s1de ‘of
the pitch changmg motor the capamty of ‘the

relief valve 96 is mcreased to thereby increase, the

pressure output of the main pump. Shuttle valve
.60, moves under, the predomlnant pressure, actlng
thereon to connect that p1edom1nant pressure
with.the 1ear of:the plunger I56

Under certain condltlons which wiil be de-
scribed later, it may be de51rable to increase the

pressure applied to the undersuie of plston 152
.Over that which is produced by the pumps when

their pressure is determmed by the normal set-
In order to provrde ;for
this contmgency a. shuttle valve 157 may be con-
nected into line. {59 leading to shuittle, valve -160.
Shuttle valve 157 is connected between the line

a0 leading from the upper side of p1ston 155 and the

line leading from the lower side of piston 152 50

,that when presgsure ig applled ‘fo the lower 51de of
piston 152 shuttle valye (57 w111 be operated to

direct pressure fluid from plston 152 to. hne l59

5 .to move shuttle valve (60 and apply that pressure

t0 back up plunger. 156 of relief valve 96. .Pres-

sure appl1ed to the upper side of plston l55 w1ll

move shuttle valve 157 and connect plston |=5
with line 189 to back up pluncer 156 in the same
manner as described above w1thout reference to

shuttle valve 157.  This is an. added feature that

may be required only on some 1nstallat10ns and
is, therefore, shown only in Flgures 3 and 4, ThlS

:shuttle valve 157 being omitted -from Flrfures 2

and 5 for the purpose of s1mp11c1ty
<Groave 92 is .also. connected vnth a high pres-

«sure rel1ef valve 38 whlch serves to 11m1t the uItr-
mate pressure attainable by the main pump.
Both relief valve 96 and. 98 discharge direct! g
;the main sump or res ervoir, rellef valve. 96 d1s-

chargmg through condult 161.
‘Gears ISZ of scavenge pump . 18 are driven
through gear 164 by gear 120 and serve: o remove

.0il that may collect in the drainage area {66 ‘and

force it mto the reservmr 168 to keep the. dralnage
area free from an accumulatlon of oil and main-
tain. reservon- 168 under a pressure determmed
by the reservoir relief valve indicated. generally
Pump 18 may pump hoth oil and air. to
mamtaln the reservoir pressure.

-0il leakage from the. ends of the bearing sleeve

113 formlng a runnmg seal

between the propeller and. control umts These

- gaskets I'“ 178 are arranged g0 that air may leak
- inward past them if the outsxde pressure is the

greater,  thus - tending to reduce oil leakage.
Drainage area 112 is connected wrth dramage
area 166 by holes, not shown, in the main casting

-18. .These drainage areas are maintained under

atmospheric pressure by being. vented to, atmos—
‘The rehef and ent

a spring pressed plunger 74 normally c Jsmg'a
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port 176 in a eylindrical bore i78. The underside
of plunger 174 is subjected to the pressure main-
tained in reservoir 168, being connected there-
with through a passage (88 and drilled holes
shown diagrammatically at 182. When the pres-
sure in the reservoir 168 is sufficient to lift plunger
{14 the sump will discharge through port {76 to
the area surrounding gear §20 and upstanding
flange 122 and thus be conducted around the in-
side of thrust plate 87 lubricating the gears on
the way and down back to the drainage area 166.
Drainage area 166 is continuously connected with
the outside atmosphere through a passage 184
and ports in the plunger {74 and its casing. The
drilled passages 182 connect, as shown in Figure
5, with the upper portion of the sump so that in
the normal upright position the relief valve serves
to vent excess air from the reservoir to the drain-
age area and as passage 184 is at the top of the
drajnage area air is vented from the drainage
area to the outside atmosphere.

The main casting 74 has projections 186 ex-
tending from one sigs thereof and forming a slot
between them. A lug 188 fixed on engine nose
190 extends to a position between said projections
and acts to prevent rotation of the control unit
with the propeller while permitting it to move
axially and radially with the propeller.

In normal constant speed operation the gov-

ernor 16 operating valve {05 controls the flow of s

oil through passages 42, 88, £4 and %4 to main-
tain constant propeller speed by varying the pro-
peller pitch. Shuftle valve {59 is maintained in
the position shewn in Figure 3 to apply pressure
back of relief valve plunger {55 whenever pres-
sure oil is introduced to the pitch inecreasing side
of the pitch changing motor, scavenging pump
162 serving to keep drainage area (8§ Iree from
the accumulation of oil and to maintain a pre-
determined pressure in reserveir 168.

When it is desired to feather the propeller,
feather button 192 in the control comparinment of
the airplane is pushed to close contacts 154, 196,
198, 206 to thereby energize holding coil 202,

feathering solenoid 204 and auxiliary pump motor

82 to thereby hold feather button 182 depressed,
open feathering valve i46 and operate auxiliary
pump {04 to supply fluid in addition to that being
supplied by the main pump and to, if necessary,
continue to supply fluid after the main pump
has ceased operation due to stopping of the pro-
peller. Holding coil 292 is in series with a cut-
out switch 206 which is actuated by the pressure
fluid changing the propeller pitch. Opening of
feathering valve {46 allows pressure fluid from
grooves 92 and passage (44 to enter conduit 150
and act on the underside of piston 152 to lift
governor valve {00 which wiil direct fluid from
the groove 92 to groove £8 and the pitch increas-
ing side of the piteh changing motor. Pressure
oil in groove 88 will move shuttle valve (€0 to the
position shown in Figure 3 to put pressure oil
back of plunger 156 of relief valve 98 and will
move shuttle valve 288 to the position shown in
Figure 3 to thereby connect the pressure cut-out
switch with the pitch increasing side of the pitch
changing motor. When the pitch changing motor
has reached its limit of movement determined
by stops, not shown, the pressure at the pitch
increasing side of the pitch changing motor will
increase creating a pressure surge which will
open the pressure cut-out switch releasing the
holding coil 202 and permitting springs 300 to
return the feather hutton 182 to its off position
as shown in Figure 3.
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In the event that shuttle valve {57 is utilized
pressure fluid acting on the underside of piston
{52 will move shuttle valve 157 to direct fluid
into line 159, move shuttle valve 160 so as to con-
duect pressure fluid to the back side of plunger
156. This will increase the pressure output of
both the main pump and the auxiliary pump to
thereby insure sufficient pressure to lift the gov-
ernor valve 100 against the action of the speeder
spring. After valve 100 has been lifted then the
predominate pressure in line 88 or 153 will be
the pressure which will move the shuttle valve
169 and back up plunger |58.

To unfeather the propeller from its non-rotat-
ing feathered position button {92 is pulled to the
left as viewed in Figure 3 closing contacts 302,
304, 306 and 308 to thereby energize holding coil
310 and consequently auxiliary pump motor 82
and reversing solenoid 312 thus opening revers-
ing valve [(48. Operation of auxiliary pump
motor 82 will supply auxiliary fluid in the same
manner as described for feathering, except that
it must supply all the fluid at the beginning of
the cperation as the main pump (16 then does
not operate and it will assist the main pump after
the propeller starts to rotate. Opening of re-
versing valve (48 will allow pressure fluid from
groove 92 and passage 144 to enter passage (54
and act on the upper surface of piston 155 to
thereby force the governor valve 100 down and
admit pressure fluid from groove 92 to 94 and
hence to the piteh decreasing side of the pitch
changing motor. Pressure fluid in passage 154
will move shuttle valve (60 to apply pressure

; fluid back of plunger 156 of relief valve 98 to

thereby increase the available pressure. Pressure
in groove 94 will move shuttle valve 208 to the
right a5 viewed in Pigure 3 thereby connecting
the pitch decreasing side of the pitch changing
motor with the pressure cut-out switch 206. The
pressure cut-out switch, however, is not utilized
to stop the unfeathering operation as this is ac-
complished by electrical contacts on the propeller
blade shank. When the propeller blade has
reached a predetermined position in its pitch
reducing movement the current in holding coil
310 is broken by an insulating segment 314 thus
releasing holding coil 310 allowing spring 316 to
return switch 318 to an off or neutral position
thus breaking the current to reversing solenoid
312 and auxiliary motor 82. The plunger which
coonerates with helding coil 282 is so far out of
the holding coil when button 192 is in unfeather
position that holding coil 202 has no effect. But-
ton 192 is held out manually for unreversing and
may be released by any time after the propeller
starts windmilling. If, however, it is not released
by the time the propeller has reduced its pitch
well into the operating range the reversing sole-
noid and the auxiliary motor will he deenergized
by the breaking of the circuit of the holding coil
318 by insulating segment 314 at which time the
governor will take over control. As in the
feathering operation the switch is returned to its
neutral position by springs 388 after it is releasad.
Reference may be had to application Serial No.
32,244 of Martin and McCarthy, filed June 10,
1948, for a more complete description of the con-
struetion and operation of the insulating and
conducting segments on the blade (8. It will be
sufficient to state here that by means of a brush,
insulated from, and held in fixed position on the
propeller hub an electric circuit may be com-
pleted by being conducted to ground through
conducting segments 328 and 330 and the pro-
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peller blade and hub. The brush and segments
.are arranged so that the brush will be approxi~
mately at the position indicated by F* when the
propeller is feathered at the position indicated
by L. P. when the propeller is at its low pitch
stops and at R when the propeller is in its re-
versed pitch position. It will thus be apparent
that even if switch knob 192 is held in the un-
feather position until conducting segment 320
contacts the brush, the circuit will again .he
broken by insulating segment 332 before the
propelled reaches its low pitch stop. This will
prevent the propeller from .going into reverse
pitch while unfeathering because the pressure
level maintained by relief valve 26 alang, when
not backed up by pressure from reversing valve
i48, is not sufficient to overcome the low pitch
stops.

In order to reverse tho propeller pitch, switch
320 is first closed .and .then reverse-unreverse
switch 322 is moved into the reverse position
which is the lower position as viewed in Figure 3.
Closing of these switches will energize reversing
solenoid 312 and holding coils 324 and 326. Ener-

gizing ‘holding coil 324 will close switch 334 and %

336. Closing switch 324 will in effect short cir-
cuit switch 322 so as to maintain holding coils
324 and 326 energized independent of the posi-
tion of switch 322. Energizing holding. coil 328

will close switeh 338 which will in effect short -

circuit switch 320 so as.to maintain holding coil
324 326 energized independent of the position
of switch 320. The closing of switch 336 has no
immediate effect, but -prepares the circuit for
unreversing which-will be described later. After
passing - through switches 320, 322 and holding
coils 324, 326 the current passes through switch
340 to ground. Switch 340 is normally held
closed by spring 342, Energizing the reversing
solenoid 312 will produce the same hydraulic
action as in unfeathering except. that the aux-
iliary motor is not energized for reversing - as
the. propeller is being continuously engine driven
the main pump will supply all of the fluid neces-
sary for pitch changing. As.in unfeathering
governor valve (00 is forced down-so as to con-
nect groove 92 with groove 94 -and. direct fluid
to the pitch reducing side of the pitch changing
‘motor. Itis to be understood that as is usual in
this double acting type of control, each fime
pressure fluid is. conducted to one- side of the
pitch changing motor the opposite side. of : the
motor is connected to drain or the reservoir to
permit fluid to flow from -one side of the motor
as it is introduced to the -other side. Switches
320 and. 322 remain in the.closed position. just
described as. long as it -is desired 4o have the
propeller remain in the reversed pitech position
and the propeller is maintained in that ‘position
by the fluid from the main pump being contin-
uously directed to the pitch reducing side of the
pitch changing -motor thereby forcing the pro-
peller against the reverse pitch or pitch limiting
stops not shown.,

To unreverse the propeller and-bring .it back
into.the -constant speed range, switch 322 i first
changed from its reversed to its unreversed -posi-
tion, the position shown in Figure 3, which will
deenergize -solenoid 312 and clese valve i48. In
the ynreversed position of switch 322 the current
will be conducted through switch 336.which is
still maintained closed by holding coil 324 and
will energize feathering solenoid or-increase piteh
solenoid 204. Switch 320 is then opened, but as
. it.is short eircuited by switch 338, it has no im-~
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.creased pitch pogition.

mediate effect. Placing switch 322 in the un-
reverse position will also close a circuit to prepare
holding coil 344 for action when the circuit is
completed through contact 33¢. Energizing in-
crease pitch solenoid 204 will cause actuation of
the governor valve 109 in the same manner as
was described in the feathering operation except
that the auxiliary pump is not used for unrevers-
ing. The governor valve 100 is moved to con-
nect groove 92 with groove 88 and apply pressure
fluid to the pitch increasing side of the pitch
changing motor and thus move the blades 18
from reverse pitch through zero pitch to in-
After the blade pitch
bas heen increassed to a pitch somewhat above

the pitch defined by the low pitch stops, brush

345 will make contact with conducting segment
333, which will energize holding coil 344 to there-
by oper switch 340. Opening switch 340 will
break the ground connection of holding coils 324
and 326 thus deenergizing them. Springs 348
and 350 will now open switches 334 and 338 and
deensrgize increase pitch sclenoid 284, closing
valve 146 and thus returning the governor valve
199 to . governor. control.

From. the above description it will be apparent
that applicant has invented a unitary self-con-
tained hydraulically actuated propeller construc-
tion which may be assemhled on or removed from
a standard propeller shaft as a unit and which
requires no modification of the propeller shaft
or of the engine in order fo accommodate the
rropeller. The lug |88 being the only element
attached to the engine may be a separate piece

5 secured hy bolts to the engine nose. The increase

and decrease pitch solenoids and th_e pressure cut-

out switch may be carried in a housing indicated
senerally ot 352 and the electrical connections

from, the switches at the control station in the
airplane may be made to housing 352, the elec-
tric controls for the governor {9, and the aux-
iliary motor 82 by means of separable electrical

_plug connections or any, other suitable type of
.eonnection shown generally at 354 and 356.
5 These plug-in connections 354, 356 and ground

connections- 358 are the only propeller control

_connections that are necessary in removing one

propeller and assembling another on fhe propeller
shaft. The propeller contains its own oil supply
and all of its own oil conduits and connections.

The propeller has been described in ’conn,ection
with a pressure cut-out switch 206 but if desired

_a suitable timing mechanism may be substituted
.for the.cut-out switch which mechanism instead
.of operation on a pressure surge, will operate to

disconnect the auxiliary motor after a predeter-
mined elapsed. time.
It 4s to. be..understood. that the invention is

-not limited to the specific embodiment herein

illustrated and described, but. may be used. in
.other ways without departure from its spirit as

defined by the following claims.

I claim:
1.-A propeller.comprising.a hub, blades. mount-
ed in. gaid hub for pitch.changing movement,

hydraulic piteh changing mechanism operatively
. connected with said blades and carried by said

hub, -control. mechanism for said pitch chang-

.ing .mechanism comprising s housing rotatably
.mounted on.said hub, and means for restraining

said housing against rotation with said hub, said

_housing including an oil reservoir, a speed gov-

ernor and pumps and means for actuating sald
governor and pumps incident to relative rotation
of said housing and hub, an auxiliary motor and
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pump supported by said stationary housing for
supplying oil from said reservoir to said hub when
the propeller is not rotating, means restraining
said housing against axial movement relative to
said hup, the rotatable mounting of said housing
on said hub including a plurality of fluid pas-
sages connecting said governor valve with said
pitch changing mechanism.

2. A propeller-control unit adapted for assem-
bly on a propeller shaft as a unit comprising a
hub having g shaft connecting portion, pitch
changing mechanism carried by said hub for
rotation therewith, a control unit rotatably
mounted on said hub, means for holding said
control unit against rotation, said control unit
comprising an oil reservoir, a governor carried
by said coentrol unit and means connecting said
hub and said control unit and energized by rela-
tive rotation of said hub and control unit for
operating said governor and supplying fluid un-
der pressure to said governor, and conduits con-
necting said non-rotating governor with said ro-
tating pitch changing means.

3. In combination, a propeller having a hub
and an hydraulically operated pitch changing
mechanism rotatable with the propeller, a non-
rotating hydraulic reservoir, control mechanism
supported on said reservoir, rotatable bearing
means supporting said non-rotating reservoir
and said confrol mechanism on said hub, means
restraining said reservoir against rotation, said
bearing means including transfer bearings di-
recting fluid from said control mechanism to said
pitch changing mechanism.

4. Tn a unitary propeller-control unit, a pro-
peller including a hub, hlades mounted for pitch
changing movement in said hub and hydraulic
pitch changing mechanism carried by said hub
and connected with said blades, said hub having

an axial projection with conduits therein leading -

to said pitch changing mechanism, s stationary
control unit comprising a housing, control mech-~
anism, a reservoir and means for supplying fluid
under pressure to said control mechanism, and
bearing means rotatably supporting said control
unit on said projection, said control unit having
conduits leading from said control mechanism
and connecting with the conduits in said projec-
tion.

5. Tn combination a propeller hub having blades .

rotatably mounted therein and carrying pitch
changing mechanism, an axial projection on said
hub, bearing means supported on said projec-
tion, a separate control unit supported on said
bearing means, means for restraining said unit
against rotation with said hub, said rotating pro-
iection and said non-rotating unit having mating
conduits for conducting fluid from said non-
rotating control unit to said rotating pitch
changing mechanism.

6. A hygraulic control unit for a controllable
pitch propeller having 2 hub, said unit compris-
ing bearing means rotatably supporting said unit
on said hub, means for restraining said unit
against rotation with said hub, a liquid reservoir
carried by said unit, pumps carried by said unit
and actuated by relative rotation of said hub and
said unit for withdrawing liquid from said reser-
voir and providing liquid under pressure, a gover-
nor carried by said unit and actuated by relative
rotation of said hub and said unit, a governor
valve, means directing said liquid under pressure
to said valve, and from said valve to said pro-
peller hub.

7. A hydraulic control unit for a controllable
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pitch propeller having a hub, said unit compris-
ing bearing means rotatably supporting said unit
on said hub, means for restraining said unit
against rotation with said hub, a liquid reservoir,
a pump carried by said unit and actuated by
relative rotation of said hub and said unit for
withdrawing liquid from said reservoir and pro-
viding liquid under pressure, a governor carried
by said unit and actuated by relative rotation
of said hub and said unit, a governor valve, means
directing said liguid under pressure from said
pump to said valve, and from said valve to said
propeller hub, said pump having an intake ad-
jacent the bottom of said reservoir in normal
upright position, a gravity actuated valve auto-
matically closing said intake and opening an-
other intake at the opposite side of said reservoir
when the forces acting on said valve are re-
versed.

8. In a propeller having a hydraulically actu-
ated propeller-carried, separate, removable, hy-
draulic, control unit, removable as a unit from
said propeller, a sleeve, said control unit being
rotatably mounted on said sleeve, a hub having
a projection adapted to telescope with said sleeve,
means securing said sleeve on said projection,
and means cooperating with said sleeve and pro-
jection forming separate fiuid channels connect-
ing said hub and control unit.

9. In a hydraulically actuated propelier having
a propeller-carried, separate, removable, hydrau-
lic, control unit, removable as a unit from said
propeller, a sleeve, said control unit bheing ro-
tatably mounted on said sleeve, a hub having a
projection adapted to telescope with said sleeve,
means securing said sleeve on said projection,
and means cooperating with said sleeve and pro-
jection forming a hydraulic control connecticn
between said control unit and said hub.

10. In a hydraulic control for a controliable
piteh propeller having pitch changing mecha-
nism, a governor valve, a source of fluid pres-
sure, a relief valve for regulating said pressure,
means leading pressure fiuid to the rear of said
relief valve to increase the relief setting thereof,
conduits leading from said governor valve to said
propeller, one to the pitch increasing, and one
to the pitch decreasing side of the pitch chang-
ing mechanism, a fluid motor connected with
said governor valve, g reversing valve for direct-
ing said pressure fluid to said motor to move
said valve to direct said pressure fluid to the
pitch decreasing side of said pitech changing
mechanism to reverse the propeller pitch, a shut-
tle valve having one end connected with said
conduit leading to said pitch increasing side
and the other end connected to said motor, said
shuttle valve being operable by the predominant
pressure thereon to direct said predominant pres-
sure to said means leading to the rear of said
relief valve to thereby increase the pressure of
said source whenever the propeller pitch is be-
ing increased or reversed.

11. In a non-rotating propeller control unit
adapted to be assembled with a rotatable pro-
peller and form part of a unitary propeller-con-
trol assembly, a reservoir, a sump, a pump for
pumping fluid from said sump to said reservoir,
a running joint forming a bearing between said
non-rotating control unit and said rotatable pro-
peller, fluid passages in said running joint form-
ing a fluid passage from said unit to said pro-
peller, said sump surrounding the ends of said
joint to collect any leakage from said jeint.

12. In a non-rotating propeller control unit
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adapted to be assembled with a rotatable pro-
peller and form part of a unitary propeller-con-
trol assembly, a main casing, a reservoir, a pump
supported on said casing in said reservoir for
maintaining pressure in said reservoir, a second
pump supported on said casing in said reservoir
for pumping fivid from said reservoir to control
mechanism in said control unit, said reservoir
being formed by a curved trough removably se-
cured to said casing and enclosing said pumps.

13. In a non-rotating hydraulic propeller con-
trol unit adapted to be assembled with a rotatable
propeller and form part of a unitary propeller-
control assembly, a non-rotating main casing,
control units supported on said casing, and a
curved trough separately removably secured to
said casing, enclosing said control units and
forming with said casing a reservoir for hydrau-
lic fluid for said control units.

14. A non-rotating control unit for controlling
the flow of hydraulic fluid to hydraulic pitch
changing mechanism of a propeller, comprising
a casing, hydraulic control mechanism supported
on said casing, a reservoir for hydraulic fluid, a
bearing in said casing for rotatably supporting
said casing on said propeller, said casing sur-
rounding said bearing and having drainage space
at the end of said bearing, said bearing includ-
ing means for transferring hydraulic fluid from
said control mechanism to said propeller, said
drainage space arranged to collect leakage from
said bearing.

15. A non-rotating unit for controlling the flow
of hydraulic fluid to hydraulic pitch changing
mechanism of a propeller, comprising a casing,
hydraulic control mechanism supported on said
casing, a reservoir for hydraulic fluid, a bearing
in said casing for rotatably supporting said cas-
ing on said propeller, said casing surrounding
said bearing and having drainage space at the
end of said bearing, said bearing including means
for transferring hydraulic fluid from said con-
trol mechanism to said propeller, said drainage
space arranged to collect leakage from said bear-
ing, a scavenge pump carried by said casing hav-
ing an inlet connected with said drainage space
and an outlet in said reservoir.

16. A non-rotating control unit for controlling
the flow of hydraulic fluid to hydraulic pitch
changing mechanism of a propeller, comprising
a casing, hydraulic control mechanism support-
ed on said casing, a reservoir for hydraulic fluid,
a bearing in said casing for rotatably supporting
said casing on said propeller, said casing sur-
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rounding said bearing and having drainage space
at the end of said bearing, said bearing includ-
ing means for transferring hydraulic fluid from
said control mechanism to said propeller, said
drainage space arranged to collect leakage from
said bearing, a vent for said drainage space and
a pressure regulating valve for said reservoir.

17. A non-rotating control unit for controlling
the flow of hydraulic fluid to hydraulic pitch
changing mechanism of a propellier, comprising
a casing, hydraulic control mechanism supported
on said casing, a reservoir for hydraulic fluid, a
bearing in said casing for rotatably supporting
said casing on said propeller, said casing sur-
rounding said bearing and having drainage space
at the end of said bearing, said drainage space
having one wall defined by a rotating seal, said
bearing including means for transferring hy-
draulic fiuid from said control mechanism to said
propeller, said drainage space arranged to col-
lect leakage from said bearing.

18. In a non-rotating control unit for a hy-
draulically controlled propeller, a non-rotating
casing, a reservoir for hydraulic actuating fluid
carried by said casing, drainage spaces in said
casing for collecting leakage within said casing,
a relief valve for said reservoir, an inlet for said
relief valve in an air space adjacent the top of
said reservoir, a discharge for said relief valve
into said drainage space at a point spaced from
the top of said drainage space, and a vent for
said drainage space adjacent the top of said
drainage space, a scavenge pump having an inlet
adjacent the bottom of said drainage space and
a discharge into said reservoir, whereby the
drainage area is emptied of oil, and air is vented
from both the reservoir and the drainage area.

JOHN E. ANDERSON.
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