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1
FLEXIBLE CONNECTOR FOR USE IN AIRCRAFT

The invention herein described was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National
Aeronautics and Space Act of 1958, Public Law 85-568
(72 Stat. 435; 42 USC 2457).

The invention is used to connect a ring, which carries
an array of aircraft propeller blades, to a turbine stage
which the ring surrounds. The turbine stage experiences
wider temperature swings than does the ring, and there-
fore relative thermal growth occurs between the ring
and the turbine. The invention fastens the ring to the
turbine, yet accommodates the relative thermal growth.

BACKGROUND OF THE INVENTION

FIG. 1 illustrates an aircraft powered by a counterro-
tating propulsion system 2 which is of the unducted fan
type. FIG. 2 illustrates the propulsion system in sche-
matic cross-sectional form. A high-energy gas stream 6
is provided by a gas generator (not shown) and drives
counterrotating turbines 9 (hatched) and 12 (not
hatched) in opposite rotational directions. Counterro-
tating turbines 9 and 12 are directly connected to pro-
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pellers 15 and 18, (also shown in FIG. 1), causing the '

propellers to rotate and provide thrust.

Region 21 in FIG. 2 is shown in greater detail in FIG.
3, wherein turbine stage 24A is shown, and in schemati-
cally as a hoop 22. (The ring is not actually in the form
of hoop 22, as will be explained later in the specifica-
tion.) The casing 24 of the turbine stage 24A experi-
ences a wide swing in temperature. The temperature
can range from an ambient temperature of, for example,
70 degrees fahrenheit during engine shutdown to 1,200
degrees fahrenheit during takeoff However, the ring 22
experiences a much smaller excursion in temperature,
for example, between ambient temperature and about
400 degrees fahrenheit during flight.

In addition, the ring 22, the casing 24, and other com-
ponents of the turbine stage 24A stretch because of
centrifugal force. However, the ring 22 stretches signifi-
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cantly more because the ring carries the centrifugal load -

of the blades 15.

This differential in temperature swings, together with
the differential in centrifugal loading, causes distance 27
between the turbine casing 24 and the ring 22 to change.
The inventors have found that distance 27 can change
as much as 0.090 inches. This relative change in diame-
ters between the turbine casing 24 and the ring 22 pres-
ents a problem in fastening the ring 22 to the turbine
stage 24A, inasmuch as the fastener must accommodate
the change in distance 27.

OBJECTS OF THE INVENTION

It is an object of the present invention to provide an
improved system for fastening aircraft propellers to a
turbine.

SUMMARY OF THE INVENTION

In one form of the invention, an array of aircraft
propellers is carried by a ring. The ring surrounds, and
is attached to, a rotor, which can take the form of a
turbine. Because of relative thermal growth between
the ring and the rotor, the distance between them
changes The invention connects the ring to the rotor
and transmits both thrust and torque loads between the
two without significant deformation. However, the
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invention does undergo significant deformation in re-
sponse to the differential thermal growth.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates a propulsion system for an aircraft
with which the present invention can be used.

FIG. 2 is a schematic cross section of a counterrotat-
ing turbine which directly drives the propellers of FIG.
1.

FIG. 3 illustrates, in perspective view, stage 24A of
one of the turbines, together with propeller blades 15.

FIG. 4 illustrates in more detail the turbine stage of
FIG. 3, showing a ring 22 which carries propeller
blades 15. One form of the invention is shown as bracket
36, which connects the ring 22 to the turbine stage 24A.

FIG. 5§ illustrates the actual configuration of the ring
which carries the propeller blades 15 and 18, the ring
being shown schematically as hoop 22 in FIG. 4.

FIGS. 5A and 5B illustrate the mounting of variable-
pitch propeller blades upon ring 23 in FIG. 5.

FIG. 6 illustrates circled region 45 in FIG. 4 in more
detail, and in which a ring section 23 replaces hoop 22
in FIG. §.

FIG. 7 illustrates a bracket 36 and a linkage 63 which
can be used to visualize the loading upon bracket 36.

FIG. 8 illustrates a flat plate 83 which could replace
bracket 36.

FIG. 9 illustrates one system for mounting bracket 36
to casing 24.

FIG. 10 illustrates thermal growth of casing from
shell 124 to shell 122 and shows the resulting compres-
sion of link 140 to shorter link 141 which tends to occur.

FIG. 11 is a simplified sketch illustrating the events of
FIG. 10.

FIGS. 12, 13, and 14 illustrate the de-centering of
ring 22 which can occur when brackets 36 are mounted
1B0 degrees apart.

FIG. 15 illustrates how the invention prevents the
de-centering shown in FIGS. 12-14.

FIGS. 16-18 illustrate the deformation of ring 170
which can occur if brackets 36 are not located radially
inward of propeller blades.

FIG. 19 illustrates a counterrotating propeller sys-
tem, driven by a speed reduction gear box, with which
the invention can be used.

FIG. 20 schematically illustrates another form of the
invention.

FIG. 21 is a view of FIG. 20, taken along arrow 21.

FIG. 22 schematically illustrates a bicycle wheel for
the purpose of explaining the function of bicycle spokes.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 4 illustrates one form of the invention in which
brackets 36 are connected between hoop 22 and a rotor,
which takes the form of turbine stage 24A. Hoop 22 is
a schematic representation, and the actual structure
used is a polygonal ring 23 shown in FIG. 5.

Propeller blades 15 and 18 in FIG. 2 are supported in
bearing races 23A in FIG. §. This method of support is
illustrated in FIGS. 5A and 5B, which are considered
self-explanatory. Brackets 36 in FIG. 4 attach to flanges
36F in FIG. 5.

Turbine blades 39 in FIG. 4 are connected to both
inner barrel 42 and the turbine casing 24, thereby acting
as a web which makes the turbine stage 24A behave as
a stiff unit. Circled region 45 is shown in more detail in
FIG. 6. However, in FIG. 6, the hoop 22 of FIG. 4,
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which is a schematic representation, is replaced with a
section of the polygonal ring 23 of FI1G. 5, which is the
structure actually used.

Three types of loading to which the brackets 36 in
FIG. 6 are subject will now be considered. A first type
is the thrust loading provided by propeller blades 15 in
FIG. 3. Ring 23 in FIG. §, shown as hoop 22 in FIG. 4,
carries the propeller blades 15 in races 23A and. during
forward flight, thrust produced by the propellers acts as
indicated by arrow 42 in FIG. 6. Under this thrust load,
legs (or fingers) 36A and 36B of bracket 36 are placed in
tension and transmit the thrust load to the turbine casing
24, which provides a reactive force indicated by arrow
39. The elongation experienced by bracket 36 under this
load, that is, the change in dimension 45, was found to
be approximately 0.003 inches, in a situation wherein 16
brackets (eight brackets on each of two turbines) car-
ried a total thrust load of approximately 20,000 pounds,
or approximately 1,250 pounds per bracket.

A second type of loading carried by the brackets 36 is
termed torque loading. A force, indicated by arrow 48,
must be applied to the turbine casing 24 (and thence to
the propellers blades via brackets 36) in order to rotate
the propellers. However, the aerodynamic loading of
the propeller blades tends to resist rotation, applying a
reactive force indicated by arrow 51. This pair of forces
applies a torque load to bracket 36. The inventors have
found that when the force indicated by arrow 51 is of
the order of 10,000 pounds, and, again, when eight
brackets per rotor were used, each bracket deformed in
the direction of arrow 54 by a distance of approximately
0.003 inches. That is, point 55 moved 0.003 inches right-
ward, in the direction of arrow 54, with respect to cas-
ing 24.

A third type of loading results from the relative ther-
mal growth of the turbine casing 24 compared with the
growth of the ring 23. As discussed in the Background
of the Invention, the turbine casing can experience sig-
nificantly higher temperatures and loads than does the
hoop 22 (i.e., ring 23 in FIG. 5) in F1G. 4. Accordingly,
the diameter of the casing 24 in FIG. 4 increases more
than the does diameter of hoop 22, thereby reducing the
distance between the two, indicated by dimension 27.
The inventors have found that this distance can change
by as much as 0.090 inches. The brackets 36 accommo-
date this change in dimension 27 by deflecting into a
representative phantom position §7 shown in FIG. 6.
The deflection accommodates the change in dimension
27in FIG. 4.

Several important aspects of the invention are the
following:

(1) As shown in FIG. 7, the turbine casing 24 can be
viewed as acting as part of bracket 36. That is, bracket
36 can be viewed as including two bracket links 63 and
66, corresponding to legs 36A and 36B in FIG. 4, while
casing 24 can be viewed as providing a third, casing link
70, thereby forming a trapezoid, and resembling a trian-
gle. The thrust load, indicated by arrow 42A, places
bracket links 63 and 66 in tension, while placing the
casing link 70 into compression. The torque load, indi-
cated by arrow 48A, places link 63 in tension, link 66 in
compression, and causes a moment, indicated by circu-
lar arrow 73, in casing link 70 about axis 76. Of course,
the moment is resisted in fact by the attachment of rib
79in FIG. 4 to casing 24, rib 79 corresponding to casing
link 70 in FIG. 7.

(2) One alternate embodiment of the invention could
be that shown in FIG. 8, wherein a rectangular plate 83
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extends between the casing 24 and the ring 23. In this
embodiment. bolts 86 are separated by a distance 89
which is about equal to distance 92 separating bolts 95
which attach plate 83 to the casing 24. In this embodi-
ment, the torque loading upon the plate 83 is largely a
shear load. However, with the bracket 36 in FIG. 4,
shear load is reduced, with link 66 in FIG. 7 placed into
compression and link 63 placed in tension. Bracket 36,
in a sense, is plate 83 in FIG. 8, but with region 87
removed.

However, unlike rectangular plate 83, bracket 36
more resembles in behavior a trapezoidal plate indicated
by phantom lines 88 and attached to casing 24 at points
93. The torque loading on a trapezoidal plate is reduced
in shear, but increased in tension and compression. For
example, with a torque load induced by force 48 applied
to ring 23, region 83A is placed in compression and
region 83B is placed in tension. If the trapezoidal plate
88 of FIG. 8 were used, having region 87 intact, the
separation of points 93 which occurs upon expansion
would cause plate 88 to stretch in region 87 and possibly
buckle in region 87A. Removal of region 87 allows
bracket 36 to deform as described in point (3), below.

Nevertheless, even though the shear load is reduced
by making plate 83 in a trapezoidal shape, plate 83 still
must tolerate the thermal expansion of stage 24A in
FIG. 4.

(3) When the turbine casing 24 experiences thermal
expansion, in which the diameter increases, the circum-
ference also increases, increasing the distance 92 be-
tween the bolts 95 in FIG. 8. Bracket 36 in FIG. 4
accommodates this increase by deforming: angle A
becomes greater.

(4) As shown in FIG. 9, a conical region 24B on the
casing 24 mates with a recess 36B in the bracket 36 in
order to reduce slippage. This attachment will reduce
fretting and weur during operation.

(5) Asshown in FIGS. 4 and 6, casing 24 contains ribs
110 and 113 which reinforce the points of attachment of
bracket 36. Rib 110 resists axial forces applied at attach-
ment point 115 while rib 113 resists the tangential
forces.

(6) The brackets 36 serve to maintain hoop 22 in FIG.
4 in a coaxial condition with respect to turbine stage
24A. That is, while each bracket is free to deform into
phantom position §7 shown in FIG. 6, the deflection
predominantly is of each link 36A and 36B in the radial
direction, with very small components in the axial di-
rections.

This radial predominance is illustrated in FIG. 10.
Shell 120 represents polygonal ring 23, while the pair of
shells 122 and 124 represent the turbine casing 24.

In the pair, inner shell 124 represents the casing 24 in
its low-temperature state, while outer shell 122 repre-
sents the casing in its high-temperature, expanded state.
It is important to observe that, during expansion, all
points on the casing travel radially outward. That is, for
example, a reference mark at point 125 will follow ra-
dial line 129 during expansion and come to rest at point
127 which is radially outward of original point 125.
There is no tangential movement, as there would be if
the mark moved from point 125 to point 130. The tan-
gential component of such movement is illustrated by
arrow 133.

Links 140 and 141 in FIG. 10 represent leg 36A or
36B of bracket 36 in FIG. 4. The legs do not change in
length appreciably with changes in temperature. Conse-
quently, when the casing expands, the attachment point
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125 moves to point 127, on outer shell 122, along
straight line 129. However, the end of link 140 wishes to
travel along circumference 145 of which link 140 itself
is a radius. From the drawing, one sees that link 141 is
shorter than link 140. Therefore, link 141 tends to com-
press.

However, since brackets 36 are the principal attach-
ment between hoop 22 and casing 24, the links are not
actually compressed, but hoop 22 moves very slightly in
the axial direction, direction 149, with respect to casing
24, upon expansion of the casing 24.

A more simplified explanation of the axial motion 149
of hoop 22 is shown in FIG. 11. In that Figure, block
150 is linked to block 152 by link 155. Block 150 moves
along rod 158, while block 152 can slide along surface
160, which is immovable, as indicated by ground sym-
bol 162.

When block 150 moves to phantom position 1685,
anajogous to the motion of attachment point 125 to
point 127 in FIG. 10, other block 152 is forced to move
to phantom position 170 by link 155, analogous to the
axial motion of hoop 22 indicated by arrow 149 in FIG.
4

The self-centering aspect mentioned above will now
be explained. F1G. 12 shows two brackets 36, 180 de-
grees apart. FIG. 13 is a cross-sectional view of FIG.
12, taken along lines 13—13. Clearly, the deformation of
the brackets, indicated by phantom brackets 36D in
FIG. 13, will allow hoop 22 to move to position 22B
and become de-centered with respect to centerline 140.
One reason is that brackets 36 allow only radial dis-
placement to occur between casing 24 and hoop 22 in
FIG. 4. Restated, in FIG. 12, the 180 degree separation
between brackets 36 allows the radii along which mo-

tion is allowed to coincide on line 142, thus allowing a

gross movement of hoop 22 with respect to center 140
as shown in FIG. 13.

However, placement of the brackets 36 such that the
radii, along which motion is allowed, do not coincide
prevents gross movement of hoop 22 with respect to
centerline 140. Distributing eight brackets, separated by
45 degrees along casing 24, is such a placement. A sim-
plified example will illustrate this, with reference to
FIG. 14.

Asin FIG. 11, blocks 150 can slide along rods 158. If
rods are 180 degrees apart as shown in FIG. 14. hoop 22
fastened to block 150 can move as shown into phantom
position 22C, thereby becoming de-centered.

However, if another rod 158A and block 150A are
added in FIG. 15, and the “radius™ 161 of rod 158A
does not coincide with the “radii” 142 of rods 158, then
gross displacement of hoop 22 is prevented. Therefore,
the brackets 36, by each allowing only radial movement
(i.e., along radii 142 and 161 in FIG. 15) between casing
24 and hoop 22, maintain hoop 22 in FIG. 4 centered
about axis 140. Proper centering is important in order to
maintain dynamic balance of the rotating system.

(7) Each bracket 36 is located radially inward of a
blade and fastened to a mounting flange 36F in FIG. 5,
lIocated next to bearing races 23A. One reason for this
manner of locating the brackets is explained with refer-
ence to FIG. 16. In that figure, ring 23 in FIG. § is
illustrated as circle 170. Arrows 172 indicate the centrif-
ugal load applied by propeller blades 15. These loads
can be quite large, of the order of twenty or thirty tons
for each blade. The centrifugal loading of the blades is
carried by the ring as a hoop stress. The loading of the
propeller blades tends to deform the formerly circular
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ring into the polygonal shape shown in FIG. 17, with
the apexes of the polygon located at the points of blade
attachment. If the brackets 36 in FIG. 4 were not lo-
cated beneath the blades, but located between blades,
namely, at regions 175 in FIG. 16, it is believed that the
ring would deform into a shape resembling that shown
in FIG. 18, wherein arrows 177 indicate the radially
inward forces applied by the brackets, and arrows 172
indicate the blade load forces. Deformation into the
shape of FIG. 18 is not desirable. Restated, the slender
ring elements 180 in FIG. § which run between blade
mounting locations 182 are intended to carry hoop
stress only (i.e., are intended to carry a tension load),
and not to carry loads as indicated by arrows 172 and
177 in FIG. 18.

An invention has been described wherein an annular
carrier in the form of a polygonal ring carries an array
of aircraft propeller blades. One such polygonal ring is
described in the U.S. patent application entitied *‘Blade
Carrying Means,” Ser. No. 667,663, filed on Nov. 2,
1984, by Hauser, Strock, Morris and Wakeman, now
U.S. Pat. No. 4,863,352, issued Sep. 5, 1989, which is
hereby incorporated by reference. The polygonal ring
surrounds a turbine stage (or rotor), and there exists an
annular space between the turbine stage and the polygo-
nal ring in order to accommodate thermal growth be-
tween the turbine stage and the polygonal ring. The
invention fastens the ring to the turbine stage, while
accommodating this thermal expansion. From one point
of view, the invention is a cantilevered bracket, resem-
bling a leaf spring pair, and having the cantilevered
region fastened to the ring, the cantilevered region
being allowed to bend during thermal growth.

Legs 36A and 36B in FIG. 4 can be viewed as the leaf
springs. These legs are mounted on a circumference of
the casing defined generally by circumferential rib 113
in FIGS. 4 and 6. The leaf springs resist compression,
i.e., shortening of the distance between points 190 and
192 on leg 36A in FIG. 4. Further, the flange 152 and
bracket 36, when the bracket 36 is mounted to the ring
23, provide an anchor which resists rotation indicated
by arrow 195. (Flanges 152 lie upon another circumfer-
ence 152B, shown in FIG. 12, and this circumference
152B axially coincides approximately with an edge
152A of ring 22.) The restrain against this compression
and rotation nevertheless allows deflection by the leaf
spring legs as shown by phantom bracket 57 in FIG. 6.

Viewed another way, each bracket is a spring system
having a high spring rate resisting compression, a high
spring rate resisting rotation shown by arrow 195 in
FIG. 4, but a low spring rate for resisting the deforma-
tion into phantom position 57 in FI1G. 6. This latter, low
spring rate allows the relative radial movement between
casing 24 and ring 23.

The points of attachment of brackets are schemati-
cally shown in FIG. 8 as bolts 95 which lie on a circum-
ference definable on casing 24 and bolts 86 which lie
along a circumference on ring 23. The brackets are
V-shaped, with the apex of the V located near bolts 86,
and the legs of the V each fastened to a bolt 95.

From another point of view, region 87A is a web,
while the cutout region 87 forms the legs fastened by
bolts 95. During thermal expansion of casing 24, the
increase in distance 92 between bolts 95 is greater than
the increase in distance 200, located near the web 87A.
The material can tolerate the increase in distance 200
without damage.
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Numerous substitutions and modifications can be
undertaken without departing from the true spirit and
scope of the invention as defined in the following
claims. For example, the preceding discussion has con-
sidered a system in which propellers are directly driven
by counterrotating turbines. Direct drive is not seen as
strictly necessary, as a high-speed turbine 190 in FIG.
19, can be used. in which turbine speed is reduced by
speed reduction gear boxes 192 and 193 which drive
counterrotating propellers 15 and 18 supported by rings
22. While the problem of thermal expansion described
in connection with FIG. 4 may be reduced in the situa-
tion shown in F1G. 19, it is likely that annular space 195
analogous to the annular space 27 in FIG. 4 will never-
theless exist. One reason for existence of the annular
space 195 in FIG. 19 is that different design consider-
ations will dictate the size and geometry of rings 22 as
compared with internal components such as gear box
192. It is believed that brackets similar to brackets 36 in
FIG. 4 can be used 10 mount rings 22 in FIG. 19.

In another example, the ring 22 and the turbine casing
24 shown in FIG. 4 are schematically illustrated as
respective cylinders 222 and 224 in FIG. 20. Brackets 36
in FIG. 4 are now replaced by two types of bracket.
Thrust brackets 226 in FIG. 20 extend in a generally
axial direction (i.e., nearly parallel with the turbine axis
140) from a forward region 238 on the ring 222 to an aft
region 230 on the casing 224. The thrust force 42 ap-
plied by the ring 222 places thrust brackets 226 in ten-
sion.

The other type of bracket is a torque bracket 233,
which lies generally along a chord 235 in FIG. 21 of the
ring 222. The torque brackets 233 lie approximately in a
radial plane. That is, points 234, 236, and 237 in FI1G. 20
all lie in the same plane. The torque brackets transmit
torque from the turbine casing 224 to the ring 222. The
torque is required in order to rotate the propeller blades
15in FIGS. 1 and 2. From one point of view, the torque
brackets perform a function similar to that of spokes on
a bicycle wheel: spokes 239 extend from the rim 240 in
FIG. 22 and connect nearly tangentially with a hub 242.
The spokes do not lie along radius 245, but along chords
247 of the rim. The spokes transmit torque from the hub
242, as when sprocket 250 is driven by the bicycle rider,
to the rim 240 The spokes are placed in tension when
they transmit the torque. However, bicycle spokes do
not receive a large thrust load similar to that indicated
by arrow 42 in FIG. 20, which is reacted by the thrust
brackets 226.

The thrust brackets 226 and the torque brackets 233
can accommodate the differential thermal expansion of
the casing 224 with respect to the ring 222 by two
mechanisms First, the thrust brackets 226 will cause a
relative axial displacement of the ring 222 with respect
to the casing 224, as described above in connection with
FIGS. 10 and 11. Second, the torque brackets 233 toler-
ate the axial displacement by bending into phantom
position 233A in FIG. 20. Alternately, a pinned connec-
tion or a ball joint (neither is shown) can be used to
connect the ends 234 and 236 in FIG. 20 of the torque
brackets 233 to the ring 222 and the casing 224 in order
to reduce bending.

What is desired to be secured by letters patent is the
invention defined in the following claims:

1. An aircraft propulsion system comprising:

a) a rotor;

b) a ring surrounding the rotor;

5

20

30

35

40

45

50

55

65

8

c) an array of propeller blades supported by the ring;
and

d) a plurality of fasteners for fastening the ring to the
rotor

which flex under differential thermal growth of the
rotor with respect to the ring, said fastener comprising
an open trapezoidal configuration having a first and
second divergent links extending from the ring to the
rotor for undergoing tension in response to a thrust load
applied to the rotor.

2. An aircraft propulsion system comprising:

a) a rotor which is subject to thermal growth;

b) a ring which surrounds the rotor and carries an
array of propeller blades; and

c) a plurality of divergent fingers extending from the
ring to the rotor, which transmit thrust and torque
loads between the ring and the rotor, and which
flex in response to thermal growth of the rotor.

3. An aircraft propulsion system comprising:

a) a rotor which includes a plurality of turbine blades
which extract energy from a gas stream and rotate
the rotor;

b) a ring surrounding the rotor and carrying an array
of propeller blades; and

c) a plurality of attachment means having first and
second legs for attaching the ring to the rotor, and
which allow relative radial motion between the
ring and the rotor.

4. An aircraft propulsion system comprising:

a) a rotor;

b) a polygonal ring surrounding the rotor and carry-
ing a plurality of propeller blades; and

c) a plurality of integrally interconnected resilient
finger pairs, each finger of each pair being diver-
gent from the other and extending between the
rotor and the ring.

5. In an aircraft propulsion system having axial, ra-
dial. and tangential directions therein, the improvement
comprising:

a) a rotor;

b) a polygonal ring surrounding the rotor and carry-

ing a plurality of propeller blades; and

¢) a plurality of brackets fastened between the ring
and the rotor, each bracket comprising a pair of
opposed extensions having a low resistance to rela-
tive radial motion between the rotor and the ring,
and having a high resistance to both relative axial
and tangential motion between the ring and the
rotor.

6. An aircraft propulsion system comprising:

a) a rotor;

b) a polygonal ring surrounding the rotor and carry-
ing a plurality of removable propeller blades of the
variable pitch type; and

c) a plurality of leaf spring pairs integrally intercon-
nected and extending generally in axial directions,
each fastened to both the rotor and the ring.

7. An aircraft propulsion system comprising:

a) a rotor;

b) a polygonal ring surrounding the rotor and carry-
ing a plurality of removable propeller blades of the
variable pitch type;

c) a first circumference definable on the rotor;

d) a second circumference definable on the ring and
not lying in a common radial plane with the first
circumference; and
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e) a plurality of bifurcated leaf springs, extending
from the first circumference to the second circum-
ference and connecting the ring to the rotor.

8. An aircraft propulsion system comprising:

a) a rotor; ’

b) a polygonal ring surrounding the rotor and carry-
ing a plurality of removable propeller blades of the
variable pitch type;

¢) a plurality of brackets, each being generally V-
shaped, with the apex of each “V"” fastened to the
ring and the legs of each *V” fastened to the rotor.

9. An aircraft propulsion system comprising:

a) a rotor;

b) a polygonal ring surrounding the rotor and carry-
ing a plurality of removable propeller blades of the
variable pitch type; and

c) a plurality of fasteners for attaching the ring to the
rotor, each comprising two or more integrally
interconnected leaf springs extending between the
rotor and the ring.

10. A system according to claim 9 in which each leaf
spring is attached to the rotor at points which are axi-
ally displaced from attachment points on the ring.

11. An aircraft propulsion system comprising:

a) a rotor;

b) a ring surrounding the rotor and carrying an array

of propeller blades; and

c) means for fasiening the ring to the rotor, compris-
ing: a plurality of brackets comprising opposed
divergent legs which (i) inhibit relative rotation
between the ring and the rotor; (ii) inhibit relative
axial motion between the ring and the rotor; and
(iii) allow relative radial motion between the ring
and the rotor.

12. A system according to claim 11 in which the rotor

comprises an array of turbine blades.

13. An aircraft propulsion system comprising:

a) a rotor (24);

b) a ring (22) surround the rotor and carrying an
array of propeller blades;

¢) a plurality of fasteners (36) for connecting the ring
to rotor, each comprising:

(i) a radially inner region (70) for connecting to the
rotor;

(i1) a radially outer region (152) for connecting to
the ring;

(iii) a bifurcated linkage (63, 66) extending between’

the inner and outer regions which prevents rela-
tive rotational and axial motion between the ring
and the rotor, and includes means for allowing
relative radial motion between the ring and the
TOtOr.
14. An aircraft propulsion system comprising:
a) a rotor having a generally cylindrical exterior;
b) a ring surrounding the rotor;
c) an array or propeller blades extending from the
ring; and
d) a plurality of webs comprising divergent ends
extending from the exterior of the rotor to the ring
and each including means for tolerating relative
thermal growth between the ring and the rotor.
15. A system according to claims 1, 2,4, 5,6, 7, 8,9,
10, 11, 13, or 14 in which the rotor is driven by a turbine
which rotates at a greater speed than the rotor in which
a speed reduction gear box is connected between the
turbine and the rotor.
16. An aircraft propulsion system comprising:
a) a turbine having an outer casing;
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b) a polygonal ring surrounding and coaxial with the
casing and carrying an array of propeller blades
which are variable in pitch: and

¢) an apparatus comprising two divergent arms hav-

ing first ends coupled to said casing and second
ends coupled to each other and to said ring which
maintains the coaxial status of the ring with the
turbine during relative thermal growth of the tur-
bine with respect to the ring.

17. In an aircraft propulsion system which includes an
array of propeller blades extending from a ring which
absorbs substantially all centrifugal load of the propeller
blades and which surrounds a rotor, the improvement
comprising:

means for transmitting thrust and torque loads from

the ring to the rotor, said means including a pair of
divergently articulated members attached to said
rotor with opposed ends coupled to each other and
said ring.

18. In an aircraft propulsion system which includes an
array of propeller blades extending from a ring which
absorbs substantially all centrifugal load of the propeller
blades and which surrounds a rotor, the improvement
comprising: v

a) a first array of connectors extending between the

rotor and the ring for transmitting thrust forces
from the ring to the rotor and which are placed in
tension by thrust forces; and

b) a second array of connectors extending between

the rotor and .
the ring for transmitting torque forces from the ring to
the rotor members of said first array corresponding
one-for-one with members of said second array and
being coupled thereto forming coupled array pairs.

19. In an aircraft propulsion system which includes an
array of propeller blades extending from a ring which
absorbs substantially all centrifugal load of the propeller
blades and which surrounds a rotor, the improvement
comprising:

a) means for connecting forward regions of the ring

with aft regions of the rotor; and

b) a group of connectors comprising coupled bifur-

cated elements having divergently articulated arms
for coupling to said rotor, said group extending
generally along chords of the ring for connecting
the ring with the rotor.

20. In an aircraft propulsion system which includes an
array of propeller blades extending from a ring which
absorbs substantially all centrifugal load of the propelier
blades and which surrounds a rotor, the improvement
comprising:

a) means for transmitting thrust forces from the ring

to the rotor; and

b) a group of spokes connecting the ring to the rotor

for transmitting torque forces from the rotor to the
ring, each pair said spokes being divergently articu-
lated and coupled to each other, said rotor and said
ring.

21. In an aircraft propulsion system which includes an
array of propeller blades extending from a ring which
absorbs substantially all centrifugal load of the propeller
blades and which surrounds a rotor, the improvement
comprising:

a) a first group of members in tension extending aft-

ward from the ring to the rotor; and

b) a second group of members in tension extending

generally along chords of the ring between the ring
and the rotor,
wherein members of said first group are coupled to
members of said second group and include means for

coupling to said ring and rotor.
* x * % %



