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Patented Aug. 24, 1954 2,687,181 

UNITED STATES PATENT OFFICE 
2,687,181. 

WARIABLE PITCH COAXAL PROPELLER, 

Robert K. Tiedeman, Packanack Lake, N.J., as 
signor to Curtiss-Wright Corporation, a corpo 
ration of Delaware 

Application December 1, 1950, Serial No. 198,530 
4. Claims, 

1. 
This invention relates to dual rotation controll 

able pitch propellers for aircraft. Its pro 
visions are particularly applicable to propellers 
of a dual System which are constrained to rotate 
at equal or proportional and opposite speeds, and 
whose blades are intended to operate coinciden 
tally as to pitch change from a single pitch 
change mechanism. 
While not limited to any particular sort of 

pitch changing mechanism, the invention may 
be used in conjunction with mechanisms shown 
and described in copending patent applications 
Serial Nos. 143,636, filed February 11, 1950 (Mer 
gen and Murphy), 73,586, filed January 29, 1949 
(Mergen and Murphy) now U. S. Patent 2,646,131, 
34,984, filed June 24, 1948 (Mergen and Tiede 
man), and 675,383, filed June 8, 1946 (Chillson), 
now U. S. Patent 2,640,552. 
The invention provides improvements in the 

means for transmitting pitch changing move 
ment from a pitch changing mechanism through 
an inboard propeller to the blades of the out 
board propeller. 
The invention further includes bearing, seal 

ing, and transmission arrangements between in 
board and outboard propellers which allOW rela 
tive articulation without imposing harmful 
StreSSes in the mechanism. 
The invention further comprises an adjustable 

but normally stationary pitch control gear in 
board of the inboard propeller. The inboard 
propeller carries a shaft, parallel to the propel 
ler shaft, having a gear meshing with the con 
trol gear; and another gear at its outboard end 
meshed with a pitch control gear normally ro 
tatable with, but adjustable relative to, the out 
board propeller. This outboard pitch control 
gear is drivably connected to the blades of the 
outboard propeller. The ratioS of the Several 
gears mentioned are arranged to produce the 
desired rotational relationship of the gears. 
Exemplary embodiments of the invention are 

shown in the annexed drawings, which are not 
to be construed as limiting the Scope of the in 
vention, in which similar reference characters 
designate similar parts and in which 

Fig. 1 is a schematic elevation of portions of a 
dual rotation propeller system showing parts in 
longitudinal Section; 

Fig. 2d. is an elevation, partly in longitudinal 
section, of the inboard unit of a dual rotation 
propeller; and 

Fig. 2b is an elevation, partly in longitudinal 
section, of the outboard unit of a dual rotation propeller. 

'. The invention as shown in Fig.1 is a simplified 

5 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

(Cl. 170-135,27) 
2 

more or less Schematic arrangement of the in 
vention while Figs. 2a and 2b represent a version 
whose design details have been developed. This 
description is readable both on Fig. 1 and on Figs. 
2d and 2b, the reference characters for parts 
having similar function being the same. A 
housing 4, Such as an engine or gear box nose, 
forms a fixed part of the aircraft, and sleeved 
propeller shafts 5 and 6 extend therefron, the 
shaft being embraced by the shaft 5, and extend 
ing outwardly therebeyond. By gearing, well 
known in the art and lying Within the housing 
4, the shafts 5 and 6 are constrained, When 
driven, to rotate in opposite directions and prof 
erably, though not necessarily, at the same ro 
tational speed. An inboard propeller hub 7 is 
mounted on the shaft 5 through splines 8 and 
Suitable centering cones and nut, and an out 
board propeller hub () is mounted on the shaft 
6 through splines 9 also on Suitable centering 
cones and nut. Each hub has blade sockets 
in which blades 2 are mounted for pitch chang 
ing rotation in a Suitable manner known in the 
art. Each blade, at or near its butt, carries a 
worm wheel f3, the Worm wheels of the outboard 
propeller blades being engaged by worms it, 
and those of the inboard propeller blades being 
engaged by worms 5, the worms being mounted 
in suitable bearings in respective hubs. 
Between the inboard hub 7 and the housing 

4 is a housing 6 containing a pitch changing 
mechanism, held against rotation by a dowel 

engaging the housing 4. The parts of the 
mechanism which are germane to this invention 
include a normally stationary pitch control gear 
8 coaxial with the hubs which may be rotated 
by a meshing pinion, not shown, in either direc 
tion, or held Stationary, by any of the devices 
shown in the previously identified patent ap 
plications or by other means. The gear í8 is 
provided with internal teeth 9 engaging planet 
pinions 20, meshed in turn with a hub concen 
tric sleeve gear 2 piloted on an extension 22 of 
the inboard hub. Pinions 2 are freely rotata 
ble on shafts 23, carried by a spider, and freely 
rotatable pinions 24 are also carried on these 
shafts, the pinions 24 meshing with a stationary 
ring gear 25 Secured to the housing fis, and with 
a Sun gear 26 keyed to the hub extension 22 and 
consequently to the shaft 5. By this planetary 
gearing, the sleeve gear 2 is enforced to rotate 
with the inboard hub when the control gear 8 
is stationary, and to advance and retard rela 
tive to the hub as the gear 8 is rotated in one 
Or the other direction. 
The inboard hub carries a hub-eccentric gear 
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2 meshing with a hub-concentric gear 28, the 
latter being rotatable or integral with the sleeve 
gear 2. Gear 2 drives a planetary Speed re 
ducer 29 mounted in the hub Which drives the 
blade engaging worm 5. The speed reducer 
includes a Sun pinion 30 on the shaft of gear 2 
driving pinions 3 on a spider 32 connected to 
the worm 5, the pinions meshing also with a 
ring gear 33 secured rigidly to the hub i. The 
train including the gear 27, the reducer 29 and 
Worm 5 is duplicated for each blade 2 of 
the inboard propeller. The mechanism thus far 
described provides for pitch control of the in 
board propeller blades, and is not neW, per se. 

;For pitch changing motion to be transmitted 
from the control gear 8 to the outboard pro 
peller i, it is necessary to provide gearing hav 
ing members passing through the inboard pro 
peller. To this end, a lay shaft 38 is journalled 
in the inboardi hlub i and for convenience and 
space saving, it extends through the Worm 5 
and gear 3'i although it has no functional rela 
tion to these parts. The shaft 38 carries ain 
inboard gear 39 meshed with an external hub 
concentric gear 43 Solid with the normally sta 
tionary contro gear 8. The gears 40, 39 have 
a ratio R1 relative to each other which as shown 
is of the order of 6:1, although any suitable ratio 
inay he used. On the outboard end of the shaft 
33 is a gear 6 inneshed with a hub-concentric 
gear 33 enbracing the outboard propeller shaft 
and carried for relative rotation with respect 
thereto on a bearing 43. The gears 42, 4 have 
a ratio R2 relative to each other which as shown 
is of the Order of 3:1, although any Suitable ratio 
may be used So long as it bears the proper rela 
{ionship as noted below With respect to the 
ratio R1. 

Foi a dual propeller System in which the in 
board and outboard propellers rotate in opposite 
directions at equal Speeds, the ratio of R1:R2 
Imust be equal to 2 in order that the gear 42 
Will rotate in the same direction and at the 
sane Speed as the outboard propeller 4. Con 
sidering the gear relationships in another fashion, 
the shaft 33 'Otates On its OWn axis and around 
the propeller axis since it is carried by the inboard 
propeller and Since the gear 39 rolls around the 
geair {}. To make the gear 42 l'Otate with the 
outboard propeller, the gear 4 must be of such 
dia.netter as to have twice the peripheral speed 
of the rin of the gear 39. Stated in another way, 
either the pitch diameters or the number of teeth 
in the gears must bear the following relation 
ships: 

gear 19-2 - gear 42 
gear 39T gear 41 

As pointed out above, the specific ratios of the 
gears 33: li and of the gear's 9:39 is not material 
toward obtaining rotation of the gear 42 with 
the outboard propeller, So long as the inboard 
gear ratio is double the outboard gear ratio. 

Now it will be seen that if the control gear 
£8, which is normally stationary, is advanced 
ol' retarded rotationally, corresponding advance 
or retard rotation of the gear 42 Will occur with 
respect to the outboard propeller hub f6. It 
should be further noted that the gear and shaft 
assemblies 38, 39, 4 are preferably plural in 
Irunber and Spaced around the inboard pro 
pei ei , the iurnber of these units being equal 
to the nuanoer of blades of the inboard propeller. 
The gear 32 carries an integral gear 44 meshed 

With gears 45 mounted on shaft 46 journalled in 
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4 
the outboard hub () and in associated housing 
portions rotatable thereWith, certain of these 
housing portions being indicated at it' and being 
Secured in part to a sleeve 4 mounted. On and 
rotatable with the outboard propeller shaft S. 
Each shaft, 46 drives a planetary Speed reducei 
48 on the hub i), the output element of Which 
diri Ves the outboard propeller Worm é meshed 
with the Worm. Wheel 3 of each outboard pro 
peller blade 2. The Speed reducer 38 is like 
the Speed reducer 23 and consists of a Sun pinion 
58 keyed or pinned to the shaft 46 engaged by 
planet pinions 5 mounted on a spider 52, the 
pinions 5A also being meshed with a ring gear 
53 anchored as at 54 within a portion of the 
propeller hub . In Fig. 1 the spider 52 is 
formed integral with the Worm. Wheel i3 but it 
Ymay be formed separately therefrom and splined 
to the worn as in Fig. 2b. 
The ratios of the speed reducers 29 and 43 and 

of the gears 28, 2 and 44, 45 respectively on the 
inboard and outboard propeller hubs may be 
equal if desired to provide equal rates of pitch 
change for the blades of both propellers and 

i or, alternatively, as is known in the art, the 
ratioS of these reduction gears may be slightly 
different in order that the inboard and outboard 
propelle's will have differential pitch change to 
produce equal thrust from the two propellers 
Since one of the propellers is in the Wake of the 
other. 

|Should the propellers and be geared to 
'Otate Oppositely but at different speeds, the gear 
iš Kªntist still be driven to rotate at outboard pro 
peller Speed when no pitch change is called for. 
To accoi:plish this, the ratios between the gears 
46, 38 and , 2 are altered from the arrange 
ments above described. The system herein dis 
closed is not applicable if the outboard and in 
board propellers operate at speeds which are 
independent of one another; the two propeller 
Sihafts must be arranged to operate at definite 
proportional speeds. 

in FigS. 2d. and 2b detailed provisions are in 
cluded for providing bearings and seals, and 
elastic driving connections where there is relative 
yield in Operation between cooperating parts. 
The propellei's and 3 and their various parts 

are Subject to deflections in operation due to op 
erating Stresses. The outboard propeller 3, for 
iinstance, may weave relative to the inboard pro 
pelier and the outboard shaft 6 may deflect in 
Various ways relative to the inboard shaft 5. 
Means are included to provide concentricity 

and Seif-alinement in the pitch changing trans 
mission from the inboard propeller to the out 
board, and to localize operating deflection to spe 
cific locations. A rugged self-alining pilot bear 
ing G3 is provided between the outboard end of 
the inboard hub and the inboard end of the 
outboard shaft 6. By this bearing, the shaft 6 
and the hub are held concentric at the plane of 
the bearing 86 even though, outboard of the bear 
ing, the shaft 6 and hub is, with its own com 
ponents, may deitiect and weave. The bearing 56 
establishes a center of articulation 57 for the out 
board ellements. A labyrinth seal 53, Whose elle 
ments are concentric with 5, is arranged between 
housing elements 39 and 68 respectively secure 
With the hubs 8 and 2, to allow relative move 
ment (other than rotationally) of the housing 
elements. Also, the engagements between the 
gears 8 and the gear 32 are located substantial 
ly in the plane of the bearing 56. As has been 
noted, the gears are carried by the inboard hub 
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7, while the gear 42 is carried by the outboard 
shaft 6. With the gear engagements substan 
tially in the plane of the bearing E6, articulation 
and relative movement is enabled between the 
inboard and outboard gear trains, the articular 
tion occurring by axial sliding of the engaged 
teeth of the gears 4- and 42, the teeth of the 
gears 4 and 42 being slightly barrel-shaped, 
Though several embodiments illustrating the 

invention have been shown and described, it is to 
be understood that the invention may be applied 
in other and various forms. Changes may be 
inade in the arrangements, Without departing 
from the spirit of the invention. Reference 
should be had to the appended claims for defini 
tions of the limits of the invention. 
What is claimed is: 
1. In a dual rotation propeller Systein, an in 

board propeller shaft having a propeller mounted 
thereon, an outboard propeller shaft passing 
through the inboard shaft and having a propeller 
mounted thereon outboard of the inboard pro 
peller, a Self-alining bearing between the inboard 
propeller and the outboard shaft, disposed be 
tWeen said progeilers and enabling weaving of 23 
of Said propellers relative to each other about 
the center of said self-alining bearing, pitch 
change mechanism for and carried by the in 
board propeller, pitch change mechanism for the 
outboard propeller carried in part by the inboard 3 
propeller and in part by the outboard propeller; 
Said latter mechanism including a gear between 
the propellers and carried by the outboard pro 
peller, a layShaft journalled in the inboard pro 
peller and Spaced from and SubStantially par 
allel to the inboard propeller shaft, and a gear 
on the layshaft engaging said outboard propeller 
gear Substantially in a plane normal to the pro 
peller axes and passing through Said bearing. 

2. In a dual rotation propeller System, an in 
board propeller shaft having a propeller mounted 
thereon, an outboard propeller shaft passing 
through the inboard shaft and having a propeller 
mounted thereon outboard of the inboard pro 
peller, a self-alining bearing between the inboard 
propeller and the outboard shaft, disposed be 
tween said propellers and enabling weaving of 
said propellers relative to each other about the 
center of said self-alining bearing, pitch change 
mechanism for and carried by the inboard pro 
peller, pitch change mechanism for the outboard 
propeller carried in part by the inboard pro 
peller and in part by the outboard propeller; said 
latter mechanism including a gear between the 
propellers and carried by the outboard propeller, 
a layshaft journalled in the inboard propeller 
and spaced from and Substantially parallel to 
the inboard propeller shaft, and a gear on the 
layshaft engaging Said Outboard propeller gear, 
the teeth of Said gears extending forwardly and 
rearwardly and substantially tangent to a circle 
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Whose center coincides with the center of said 
Self-alining bearing. 

3. in a dual rotation propeller System, an out 
board propeller having a pitch change mecha 
nisia including a gear coaxial with the propeller 
and Inori (ally rotata.bie therewith, an inboard 
propeller including a gear coaxial therewith and 
inormally rotatable therewith, saidi propellers be 
iing constrained to opposite rotation at equal 
Sp33ds and being :)aouinted on concentric shafts, a 
nCraially Stationality pitch control gear, gearing 
CCialecting the control gear to the coaxial gear 
&f the ii.332.Éd pirogeller; gearing including a 
layshaft carried by the inboard propeller, a gear 
On the layShaft engaging the control gear, and a 
gear on the outboard end of the layshaft engaging 
ie geal of the Otboard propeller; and a seli 
alining tearing between and having its races se 
cl:Ted to Said inboard propeller and to the shaft 
of Said Gutboard propeller, Said bearing being 
concertific with and lying in a plane normal to 
the propeller Shafts, the engagement of the out 
board layshaft gear and the outboard coaxial 
gear lying Substantially in said normal plane. 

4. In a dual rotation propeller system, an out 
board propeller having a pitch change mecha 
nisin including a gear coaxial with the propeller 
and normally rotatable therewith, an inboard 
propelier including a gear coaxial therewith and 
normally rotatable therewith, said propellers be 
ing constrained to opposite rotation at equal 
Speeds and being mounted on concentric shafts, a 
normally stationary pitch control gear, gearing 
collnecting the control gear to the coaxial gear 
Of the inboard propeller; gearing including a lay 
Shaft carried by the inboard propeller, a gear On 
the layShaft engaging the control gear, and a 
gear on the outboard end of the layshaft engag 
ing the gear of the outboard propeller; and a 
Self-alining bearing between and having its races 
Secured to Said inboard propeller and to the shaft 
of Said outboard propeller, said bearing being 
concentric with and lying in a piane normal to 
the propeller shafts, the engagement of the lay 
shaft gear and the outboard coaxial gear meshing 
On lines Substantially tangent to a construction 
sphere concentric with said self-alining bearing. 
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