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PATENT OFHCE
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HU_B MOIJNTED CONTROL

John E. Anderson, Portland, Conn., assignor to
~United; Aircraft . Corporatmn, ~East -Hartford,
Conn., a corporatlon of Delaware

Applloatlon March 30 1949 Serla.l No. 84 305

18 Clalms.
1 SRS B

This invention relates-to an improved propeller
construction - angd pel thLlELI‘lY to ‘an improved-self
contained: propeller ‘having ‘a stationary ‘control
system-and -an-oil supply; for the:propeller- ‘and

oontrols, mdependent of the engmea lubrlcatmg _

?syatem T R ;
' Art‘object of this mventmn is a propeller ~CON-~
trol' unit with-a- non-—rotatmg control system for
supplying’ preesure fluid- to 1ota,t1ng prOpeller
-prtch ‘changing: meeha,nlem RIS T e
A further - ‘cbhiect ~isa™ prOpeller-eontrol umt
hevmg* a - propéllér-carried-non~rotating-‘control
the engine: Tubricating-system;for supplying pres-
sure -fuid-to- rotetmg propeller pltoh changmg
"meohemsm e g =
- cALGETT Further obJeet is g, propeller—oontrol umt
hevmg- a-‘propeller-carried - ‘nokcrotating: control
Systein including means-for:-eontrolling the same
to-effect- eenstant speed control feathermg end
reversmg N TS R TSRS AN TR A PR S SR i
Agtill further obrect is a non—rotatmg control
irrf a prOpeller-eontrol umt With prewsmns for
;lnverted ﬂlght SRS . ML RO I S A SO
<A gl further obJeot is to prowde a self con-
tained propeller-eentrol uhit whieh may:be:com-
pletely “asgeimbled -Hefore” bemg secured‘on-the
'-propeller sha,ﬂf end Whroh dellvere eﬂ from the

rrrrr

&~ specialtor nm::ullﬁecli propeller shaft

A still further object is an 1mproved propeller

l“‘-nr "'-\.i

hydreulre eontrol system SRR
| Other ob::eobe and adventages will be apparent
frorm” the specification: -ang- clgims;-and from the
'?ecoompenymg -drawings - which--illustrate’ -what
‘{8 ‘Thow-‘eonsidered to- be the preferred embodi-

-ment of the 1n’vent1on R R
| Frgure 1 iga'sideview, with one blade removed

or the propeller ~control unit- of 'this’ epphcetmn
- migure ‘2'ista schematic side’ view showing the

(CL

R |

10

n, including a ‘fluid supply-independent-of

al

170—160 2) |
2
line 1—T1 of PFigure 4 showing the air relief valve.
~Variols attempts 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-
ihg ‘mechahism-while at the same time providing
o structure which-would not- require modification
‘of ‘the propeller shaft or engine nose mechanism
to provrde ‘0i}+passages therein, - -One: of the ob-
Jectivesis a ¢omplete:propeller which can be re-

moved and replaced as a unit with a minimum of

‘adjustment and connections to be made upon: in-
‘gtallation: or-removal.-
Tequired: that the propeller:controls be-bolted-to
the! engine nose -and. the propeller placed sep-
‘arately-on-thepropeller shaft which requires con-
gsiderable adjustment- when the propeller-is .as-
-sembled on- the propeller shaft and connected
with:-the confrols. -
guired: that the controls and oil reservoir rotate
with* the ! propeller:: “Applicant has invented .a
‘hydraulically- controlléd: -propeller:-in which the
‘0il reservoir and:/ceontrols-are stationary:-and:are
rotatably: ‘supported on bearings on:the propeller
‘and-the oil- connections between the controls:and
‘the propeller-are ‘made . through the propeller hub
80: that'no modi
‘required:-to- provide'the necessary oil passages.
‘By-this: construction applicant. is able to -utilize
‘0il -of ‘any desired-characteristic for-operating the
propeller ‘and no-longer has to rely on the:lubri-
‘eating oil-of the engine as propeller operating oil.
‘Such apropeller-constitutes a unitary structure
“which-may be: completely- adjusted -on the beneh
‘prior to assembly-on the propeller shaft:-and
“then assembled-on: the propeller shaft without
further: adjustment

' Some such:attempts have

Other such attempts have re-

Aication of the propeller shaftis

-The-hydraulic control Sy S~

~tem ~remains- statlonery and is electrically' con-
~trolled from g convenient control station ‘to pro-

40

hydreullc control system a,nd the pltoh ehengmg i

“meehamsm

~hmeure 31is a sohemetlc dlegram of the electrloel

and hyclr atilic: circuits of the control.- S
glire f4-is g *perspective view, wrth portlons

45

broken away, of ‘the control unit, removed from ..

the vropeller, lookmg at the control umt from

B the propeller 51de
| Flgure 5 i8¢ a somewhat schematic dlagram

showmg in’an’ end view," the hydrauhc control_

-*orrcurt and the airangement of parts.”

Frghre ‘6-1§ a ‘section’ through the control umt

vidé ‘in‘additionto-constant speed control means
for- feathering; unfeetnermg, reversing, and-un-
| jreversmg the propeller.
“in g'unitary mechanism in which the oilreservoir
‘and 41l the control elements are arranged in‘a

‘This is all accomplished

non-rotetmg unit and act to control the flow of

“hydraulic fluid to and from the hydraulic pitch
chengmg mechamsm in the propeller mthout tbe

*_use of any-externgl-oil'connections.-

50

teken on’ l1ne ems of F1gure 4 showmg the con- |

trol méunted on the prbpeller hub>

“Figure l7 13 a,*deterled eeotlonal vrew taken on

- In“the drawings which 1llustrete a, mechamcel

“construction which* is now- consrdered the pre-
- “ferred form of the invention, the contrel unit is
“indiéated generally at -10:'and is shownas rotata-
-bly: sipported -on"bearings on the propeller-unit,
“generally “indicated--at- 12,
55':."

.
i

~The- control -unit-+i 0
meludes a bearmg sleeve I4 whlch 1s telescOped

Y

"-|---+ LT D : . o ", ..4.“

;.'q'u kg
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with and supported on an axial projection (6 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 29 substantially equal to the diameter

of the outside of sleeve 14 for a length substan-
tially equal to the open space between the up-

standing lugs 24 so that ring 22 with 1ts depend-
ing Iugs 26 may be assembled onto sleeve 14 and
rotated so as to engage the rear of upstanding
Jugs 24.

Ring 28 has depending lugs 28 and an inside di-
ameter equal to the outside diameter of sleeve 14
so that rine 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 I8 and the sleeve
(4. TRelative rotational movement of sleeve (4
and hub 18 would be prevented by contact of the
lugs 24 and 28.

The propeller may be of any type utilizing hy-
draulic fluid for pitch 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 roilers, noct 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 oi 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 1is
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.
2.477.868, 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. Qil from
the control mechanism is directed into a groove
50 in the outer surface sleeve {4 which i1s con-
nected by suitable passages 52 with a groove 94
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
controcl unit into groove 56 in the exterior of

o

10

29

oU

o

55

60

76

s}

bearing sleeve {4 which is connected by suitable
passacges 58 with groove 80 formed in the inferior
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 84 and 60 is not utilized
for any special funcyion in the structure shown in
this application. A series of O ring seals b4, 66,
68 and 10, located between the sleeve {4 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 assenibled position on
the hub projection 16.

The conirol 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
hereinaiter, 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 T4 and serves
to rotatably support the entire control system on
the bearing sleeve 14 which is secured as previous-
ly described on the hub projection (6. Bearing
sieeve 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 sultable running joint and oil seal between the
stationary control unit and the rotating propeller
unit. As shown in FPigs. 6 and 7 upstanding flange
122 of sleeve {4 projects between one end of bear-

n 1ng sleeve 86 and a thrust plate 81. Suitable fas-

tening means such as screws, not shown, secure
both the thrust plate 8T and sleeve 86 to main
control casing 74. 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 18, 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 14, 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 t4 and
other passages lead from groove 88 through sleeve
86 to groove 380 in sleeve (4. Groove 30 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. Vvarious 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 98, 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 uprisht position, by means of a.curyed,
trough-like cover 103 secured .to the lcwer por-
tion of main casting T4 by cap screws 1.10 .and
sealed by suitable gaskets [i2. Bolts IM 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 _m,.a, and
comprises. a gear pump {16 driven through gear
118 by a.gear 120 formed on an upstanding flange
122 on the inboard side of sleeve .14 secured to.ro-
tate with the propeller. :Pump (16 has an inlet
{24 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 (04 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. mlet tc the main
pump.

Provision is also made for supplying 011 tc the
main pump during inverted flight. A,,ﬂ'rav_lty,ec-
tuated ring 128, slideableiin a cylinder: 138 is. nor-
mally held by grswty in the position shcwn in
Tigs. 4.and-5 so.as to close orifice 132 and leave
inlet 124 unobstructed. -When the control unit
is inverted as in inverted. flight, ring 128 will be
moved under the influence of gravity to a position
closer to the gear pump:1 {6 to thereby close:in-
1et 124 and open orifice. 132 which is.connected by
9, conduit to an inlet i34 located near the top of
the oil reservoir which, of course, would be. the
bottom of the oil reservoir in inverted: flicht. It
should be noted that both the oil and ring. !ZB,e_,re
positioned by the same force, normally gravity,
so that other forces such as. acceleration which
‘might displecs 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 piich
changing motor to maintain constant propeller

speed by varying the propeller pitch. -'The gov-

ernor is driven from gear.{20 by gear: 136 and a
pair of bevel gears as.shown in Fig. 4, 'The gov-
ernor comuprises the usual flyweights 142 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 contrels from the pilot’s cockpit. Pres-
“sure oil is.also led through passage (44 to solenoid
actuated feathering valve {46 and solenoid actu-
‘ated reversing valve {48 . which are normally
closed. Actuation of the feathering valve will
direct pressure fluid through conduit 138. to the
-undermde piston 152 on. the lower.governor valve
100 to thereby raise the governor valve 180 and
connect pressure fiuid with groove. .88 and . the
pltch increasing slde of the piston. 32 of the. pltch

changing motor.

Actustion of the reversing valve Wlll d1rect'

pressure fluid from the passage 144 to. passage

154 1ead1ng to a piston 155 on the fop .of the.
governor valve 4908 thereby forcing the pﬂct valve _

-down 10 direct pressure fluid from groove 82 into
egroove 94 and thence to the pitch reducing: suie
of the plstcn 32 in the p-1tch changing motor.

‘Pressure. oil is also led from the passage. 92 to:-_

!

10

15

20

—

it

15
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the front face of plunger 156 of relief valve 96
Whlch is urged 1ntc clcsed pesltlcn by sprmg 158,
'The relief settlng of rehef Valve 96 is ncrmally
determmed by the capaclty of. Sprmg 158 but may
be increased by leading 011 under pressure to the
back31de .of plunger I5B This. is acccmphshed
by.a shuttle valve IEO cne 51de of which. is ccn-
nected with the reversmg ve,lve 143 and the upper
side of piston 155 on the gcverncr valve 100 and
the other side cf which is connected W1th the
groove, 83 leadlng to the pltch 1ncreasmg s1de cf
the pitch chsnglng mctcr Hence, whenever. the
reversing valve -is cpened or whenever pressure
fluid is bemg led tc the pxtch 1ncreas1ng slde of

the pitch chsnglng motor, the cspscrty of the
relief Valve 96 1s mcreased to thereby increase. the
pressure cutput of the main pump Shuttle Velve

1.§0. moves under. the predcmlnant pressule actlng

thereon to ccnnect that pledcmlnant pressure
with.the 1esr of the plunger l56 |

Under certain COIIdlelOIlS Whlch wﬂl be de-

scribed later, it may be desn'able to increase the
pressure applled tc the unders1de cf plstcn 152
over that which is produced by the pumps. when
their pressure is determlned by the normal set-
.,tl,ng of rel1ef valve, 96

In order to prcmde ;fcr

Shuttle velve 15? 1s ccnnected between the 11ne
leading from the ‘upper side cf p1stcn 155 and the

line leading from the lower s1de of plstcn l52 SO
.the,t when pressure is apphed to the lower su:ie of
piston 182 shuttle valve- 57 mll be cpersted to

direct px essure fluid -from plstcn 152 to. lme I59

......

5 .10 move shuttie valve 160 and apply. thst pressure
to back up plunger. 153 of relief valve 96. . Pres-
sure. app11ed to the upper s1de cf plstcn 155 Wlll

rscve shuttle valve 181 and connect plstcn l=5

with, 11ne 158 to back: uc pluncrer i5B in the. same

manner as described above uuthcut reference tc

shuttle valve 191. This is an.added feature. that

may pe required only on some 1nstelletlcns and
is, therefore, shown cnly in Figures 3 snd 4, ThlS

_:shuttle valve 157 being omitted .from Fle‘ures 2
- .snd 5 for the purpose of simplicity. |

-Groqve 92 is.also. ccnnected s.uth a hlgh pres-

-tsure relief velve 58 which serves to 11m1t the ulti-
mate pressure attainable by the main pump.
‘Both.relief valye 96 and.48 discharge directly into
:__the main sump or reservoir, rellef valve. 96 d1s-
charging thrcugh ccndult 161, -

-xears lﬁz of scavenge pump 18 are drlven

thrcugh gear lﬁd by gear 120 and serve, to remcve

oil that may collect in the drelnege area 168 and
55 ] force it into the reservoir 168 to keep the drainage
area free frcm an accumulstlon of o0il and main-
‘tain. reservoir 168 under a pressure determined
Dby the reservoir relief vslve indicated generelly

.at 170.
;. 60 e

;;g 86 will collect in drainage areas 186 and 112 whlch
sre sealed by sultsble gaskets twc of whlch ate

-lip type gaskets. 17i,
65 between the prcpeller and. contrcl un,u:s
 _gaskets {71, 178 are arranged so that air may Ieek

inward psst them if thn cuts1de pressure 1s the

greater,
Drainage area 712 is ccnnected w:&th drsunage_ |

70-area 166 by holes, not shown, in the main casting

14,
-atmospheric pressure by being vented to atmcs-_
.phere through the valve 112.. The rellef and Vent |

~valve: 170 shown in Pigures 4, 5 and 7 cemnrlses. -

Pump 18 may pump ‘both. oil and eur tc

memtem the reservelr pressure.
011 leekage frcm the ends of the besmng sleeve

113 fcrmlng a. runmng seal
These

thus tendlng tc reduce 0il lea,kage

.These drainage areas are. me,intslned under

a smung pressed plunger 1?4 ncrmally clcsmg a
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port 1716 in a eylindrical bore i18. The underside
of plunger 114 is subjected to the pressure main-
tained in reservoir 168, being connected there-
with through a passage (80 and drilled holes
shown diagrammadtically at 182. When the pres-
sure in the reservoir {68 is sufficient to lift plunger
{14 the sump will discharge through port 116 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 arca 166 is continuously connected with
the outside atmosphere through a passage (84
and ports in the plunger {74 and its casing. The
drilled paszages 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 {84 is at the top of the
drainage area air is vented from the drainage
area to the outside atmosphere.

The main casting 74 has projections 186 ex-
tending from one side thereof and forining a slot
between them. A lug 185 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 specd operation the gov-

ernor 16 operating valve {08 controls the flow of ¢

oil through passages 42, 88, &4 and %4 to main-
tain constant propeller speed by varying the pro-
peller pitch. Shuttle valve 159 is maintained mn
the position shewn in Figure 3 to apply pressiire
back of relief valve plunger {55 whenever pres-
sure oil ig introduced to the pitch inecreasing side
of the pitch changing motor, scavanging pump
162 serving to keep drainage area (&3 Iree from
the accumulation of cil and to maintain a pre-
determined pressure in reserveir 168.

When it is desired to feather the propeller,
feather button 192 in the control compartment of
the airplane is pushed to close contacts 154, 196,
{98, 200 to thereby energize holding coil 282,

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 hy 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 2982 is in series with a cut-
out switch 208 which is actuated by the pressure
fluid changing the propeller pitech. Opening of
feathering valve {46 allows pressure fluid from
erooves 92 and passage 144 to enter conduiv 130
and act on the underside of piston 152 fo lift
governor valve (80 which will girect fluid from
the groove 92 to groove £2 and the pitch increas-
ing side of the pitech changing motor. Pressure
0il 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 1
Ficure 3 to thereby connect the pressure cut-out
switch with the pitch increasing side of the pitch
changcing motor. When the pitch changing motor
has reached its limit of movement determined
by stops, not shcewn, the pressure at the pitch
increasing side of the pitch changing motor wiil
increase creating a pressure surge which will
open the pressure cut-out switch releasing the
holding coil 202 and permitting springs 380 to
return the feather bhutton 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 15T to direct fluid
into line 159, move shuttle valve 160 so as to con-
duct 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 159 will be
the pressure which will move the shuttle valve
169 and back up plunger 158.

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
3i0 and consequently auxiliary pump motor 82
and reversing solenoid 312 thus opening revers-
ing valve (48 Operation of auxiliary pump
moctor 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 coperation 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 pitch decreasing side of the pitch
changing motor, Pressure fluid in passage 194
will move shuttle valve 1680 to apply pressure
fluid hack of plunger 156 of relief valve 96 to
thereby increase the available pressure. Pressure
in groove 84 will move shuttle valve 208 to the
rigcht a8 viewed in Figure 3 thereby connecting
the pitch decreasing side of the piftch changing
motor with the pressure cut-out switch 2086. The
pressure cut-out switch, however, is not utilized
to stop the unfeathering operation as this 1s 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 hy 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 202 is so far out of
the holdine cecil when button 192 is in unfeather
position that holding coil 202 has no eifect. But-
ton 192 is held out manually for unreversing and
may bhe released hy any time after the propeller
starts windmilling. If, however, it is not released
by the time the propeller has redquced 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
319 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 released.
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-
struction and operation of the insuiating 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-



2,853,668

9

~peller blade and hub. The brush and segments
are arranged so that the krush 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 pesition. It will thus be apparent

that even if switch kngh (92 is held in the un-
feather position until conducting segment 320
contacts the brush, the ecircuit will again he
broken by insulating segment 2332 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 aiane, when
not backed up by pressure from reversing valve
148, is not sufficient to overcome .the low piteh
_stops

In order to reverse tho propeller piteh,. ,..,Wlteh
320 is first closed .and vhen reverse-Uunrevarse
switch 222 .is moved into the reverse positicn
whieh 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. Closinge switch 324 will in effect short cir-
cuit switch 322 so as to maintain holding coils
394 and 326 energized independent of the posi-
tionn of switch 322. FEnergizing holding coil 326

will close -switeh . 338 which will in effect short -

cirenit switch 320 so as to maintain holding coil
324 326 energized independent of the position
of swrtoh 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
covernor 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. It is 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
piteh 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 maotor
gs it is introduced to the -other side. Switches
320 and. 322 remain in the. closed pos1tlon just
described as long as it -is -desired -to have the
propeller remain in the reversed pitech position
‘and the propeller is maintained in that position
by the fluid from the main pump Leing contin~
wously directed to the pitch reducing side of the
piteh changing motor thereby forcing the pro-
peller against the reverse pitch or pitch limiting
stops not shown.,

T unreverse the propeller and-bring it back
into the -constant :speed range, switch 322 is. first
changed from its reversed to its unreversed posi-
tion, -the position .shown in Kigure 3, which will
deenergize -solenoid 312 and clese valve (48. Tn
the ynreversed position of switeh 322 the current
will he conducted through switch 336.which is
still maintained closed bty holding coil 324 and
will energize feathering solenoid or increase plteh
solenoid 2084. Switch 320 is then opened, but as

- it.is short circuited by SWltCh 338, it has no. im~

mediate effect.

10
Placing switch 322 in the un-

reverse posmon will also close a, circuit to prepare
holding coil 344 for action when the circuit is
completed through oontaot 330. Energlzmg in-
crease pltch solenold 204 will cause actuetlon of

- the governor valve 100 in the same manner as
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loreeeecl pitch position.
has been 1noreesed to a p1tch somewhat above

‘the 1

by open switch 340.

was described in the feathering oneratlon except
that the auxiliary pump is not used for unrevers-
ing.  The governor valve 100 is moved to con-

nect groove 92 with groove BB and aoply pressure
fAuid to the pitc h moreasmg side of the pitch

changing motor end thus move the blades 18
from reverse pltoh through zero pitch to in-
After the blade plteh

pitch defined hy the low pitch stops, brush
345 mll meke COHb&Ct with oonductmg segment
339, which will energize holdlng coil 344 to there-
’)pemng switch 340 will
break the ground connection of holding coils 324
and 326 thus deenergwmg them. Springs 348
and 350 will now open swrtohes 334 and 338 and
deenergize increase p1toh solenoid 204, olosmg
valve 145 and thus returmng the governor valve
I% to . governor . control.

From the above descrlptlon it will be apparent

that applicant has 1nvented a unitary self-con-
tained hydraulically aotueted propeller construc-
tion which may be assembled on or removed from

a standard propeller shaft as a unit and which
requires No mod1ﬁoet1on of the propeller shaft
or of the engine in order to aooommodete the
rropeller. The lug 188 bemg the only element
attached to the engine may be a, separete piece

At R -

5 secured. hy bolts fo the. engme nose The increase
and decrease pltoh soleno1ds end the pressure cut-
out switeh may bhe oerr1ed in a housmg indicated

.generally

ot 352 and the eleotrroel oonnectmns
from.. the svntches ab . the control stetlon in the
airplane may be made to housrng 352, the elec-

tric controls for. the ‘governor {9, and the aux-

iliary motor 82 by means of sepereble electrical

plug conneotlons or any, other snlteble type of
. eonnection shown
5 These plug-in connections 354, 356 and ground
.eonneotlons 358 are the only propeller control
. connections thet are neoessery in removing one
propeller and essemblmg enother on the propeller
shaft. The propeller contains its own oil supply
“and .all .of its own .0il conduits and oonnectlons

generally at 354 and 356.

Thn nr opeller has been desenbed in connection

with o pressure cut- out swltoh 206 but if desrred

g, -suitable fiming meohamsm may be substztuted

-for the cut-out switeh which meohemsm 1nstead
of operation on a pressure surge, will operate to
...dlsconneot the euxﬂlery motor after a predeter-
mined elapsed- time.

Xt ds. to be. unclerstood that the invention is

~not l1m1ted to the specific embod1ment herein

istrated and described, but may be used in

~other ways without ‘,de_pa:rture from its spirit as
defined by the following claims.

I claim:
1. A propeller comprising a hub, blades. mount-

ed in .said. hub .for pitch- changing movement,
“hydraulic piteh changing. mechanism operatively
connected with said hlades and carried bY said
“hub, control mechanism for said pitch chang-
ing mechanism comprising . a housing rotatably
Joounted on.said hub, and means for restrammg
.said housing against rotet1on Wlth said hub said
_housine inecluding.an oil reservoir, a speed gOV-
ernor and pumps end means for actuating said

sovernor 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 hub, the rotatable mounting of said housing
on said hub including a plurality of fluid pas-
sages connecting said governor valve with saild
pitch changing mechanism.

2. A propeller-control unit adapted for assem-
bly on a propeiler shaft as a unit comprising a
hub having a shaft connecting portion, pitch
changing mechanism carried by said hub for
rotation therewith, a control unit rotatably
mounted on szaid hub, means for holding said
control unit acainst rotation, said control unit
comprising an oil reservoir, a governor carried
by said ccntrol unit and means connecting said
hub and =aid 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 piteh changing means.

3. In combination, a propeller having a hub
and an hvdraulically 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 control mechanism on said hub, means
restraining said reservoir against rotation, said
bearing means including transfer bearings di-
recting fuid from said control mechanism to said
pitch changing mechanism.

4. Tn 3 unitary propeller-control unit, a pro-
peller including a hub, blades 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, g stationary
control unit comprising a housing, control mech-
gnism, a reservoir and means for supplying fluid
under pressure to said control mechanism, and
bearing means rotatably supporting said control
unit on said proiection, said control unit having
conduits leading from said control mechanism
and connecting with the conduits in said projec-
tion.

5. In 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 meahs, 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 liguid 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 liquid 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, removanle, 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, sald control unit being ro-
tatably mounted on said sleeve, a hub having a
projection adapted to telescope with said slesve,
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 controliahle
piteh propeller having pitch changing mecha-
nism, a governor valve, a source of fluid pres-
sure, g relief valve for regulating said pressure,
means leading pressure fiuid to the rear of said
relief valve to increase the relief setfing 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
sald 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 pitch changing
mechanism to reverse the propeller piteh, a shut-
tle valve having one end connected with said
conduit leading to sald pitch increasing side
and the other end connected to said motor, said
shuttie valve being operable by the predominant
pressure thereon to direct said predominant pres-
sure to sald means leading to the rear of said
relief valve to thereby increase the pressure of
said source whenever the propellier 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, 2 sump, a pump for
pumping fluid from said sump to said reservoir,
a running joint forming a bearing between sai<l
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 propeiler-con-
trol assembly, & 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 fiuid from said reservoir to control
mechanism in saig control unit, said reservoir
being formed by a curved trough removably se-
cured to said casing and enclosing said pumps.

13. In a non-rofating 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 sald 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 hvdraulic 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, sald 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 fiuid 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 propelier, comprising
a casing, hydraulic control mechanism supported
on said casing, a reservoir for hydraulic fluid, a
bearing in said casing for rotatably supporting
sald 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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