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(54) DRIVETRAIN SUBASSEMBLY HAVING AN INTEGRATED SPRAG CLUTCH RACE AND GEAR 
SHAFT MEMBER

(57) A drivetrain subassembly (301) includes a clutch
portion (302A) and a gear shaft portion (302B) connected
by an integrated inner race (309A)/gear shaft (309B)
member. The clutch portion (302A) includes a sprag
clutch (303) configured to transfer torque from an engine
to a rotor system while allowing the rotor system (203)
to continue to rotate in the event of an engine failure. The

inner race (309A) of the clutch portion (302A) is integrally
formed with the gear shaft (309B) of the gear shaft portion
(302B) of the subassembly (301). The gear shaft (309B)
is configured to rotate about the longitudinal axis of the
sprag clutch (303) for transmitting torque from the sprag
clutch (303) to a downstream drivetrain component.
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Description

TECHNICAL FIELD

[0001] This disclosure generally relates to overrunning
sprag clutches for the uni-directional transmission of
torque. In one aspect, it relates to an overrunning sprag
clutch having an improved output shaft configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Embodiments are illustrated by way of example
in the accompanying figures, in which like reference num-
bers indicate similar parts, and in which:

Figure 1 shows a schematic diagram of an example
of a tiltrotor aircraft;
Figure 2 shows a schematic diagram of an example
of a rotorcraft;
Figure 3 shows a cross-sectional view of an exem-
plary embodiment of a drive train subassembly ac-
cording to the present disclosure; and
Figure 4 shows partial a cross-sectional view and
partial side view of the drive train subassembly
shown in Figure 3.

DETAILED DESCRIPTION

[0003] Figure 1 shows a schematic diagram of an ex-
ample tiltrotor aircraft 101. Aircraft 101 includes a fuse-
lage 103 with attached wings 105. Nacelles 107 are car-
ried at the outboard ends of wings 105 and are rotatable
between the helicopter-mode position shown and a for-
ward-facing airplane-mode position (not shown). Na-
celles 107 carry engines and transmissions 109 for pow-
ering rotor systems 111 in rotation. An engine may be an
internal combustion engine, an electrical power source
and associated motor, or any other suitable means for
powering rotor system 111. Each rotor system 111 is
illustrated as having three blades 113. Spinning covers
115 and nacelles 107 substantially enclose transmission
109, obscuring transmission 109 from view in figure 1.
The tiltrotor aircraft 101 includes a drive train that includes
subassemblies generally indicated at 301 and described
below for driving the rotor systems 111. The drive train
subassemblies 301 can include gearboxes, shafts, cou-
plings, and respective sprag overrunning one-way
clutches as disclosed herein.
[0004] Figure 2 shows a schematic diagram of an ex-
ample rotorcraft 201, which also constitutes an aircraft.
Rotorcraft 201 has a rotor system 203 with multiple rotor
blades 205. The pitch of each rotor blade 205 can be
manipulated in order to selectively control direction,
thrust, and lift of rotorcraft 201. Rotorcraft 201 can further
include a fuselage 207, anti-torque system 209, and an
empennage 211. The rotorcraft 201 includes a drive train,
including a subassembly generally indicated at 301 and
described below for driving the rotor system 203. The

drive train subassembly 301 can include a gearbox,
shafts, couplings, and a sprag clutch.
[0005] Figure 3 shows a cross-sectional view of an em-
bodiment of a drive train subassembly 301. The drive
train subassembly 301 includes a clutch portion 302A
and a gear shaft portion 302B. The clutch portion 302A
includes a sprag clutch 303. The gear shaft portion 302B
includes a gear shaft 309B, which is integrally formed
with an inner race 309A of the sprag clutch 303 so as to
form an integrated inner race/gear shaft 309A/309B
member. The integration of the inner race 309A and the
gear shaft 309B can be accomplished by forming the
inner race 309A/gear shaft 309B together as a single
component. Alternatively, in some embodiments the in-
ner race 309A can be formed separately from the gear
shaft 309B, and then inner race 309A and gear shaft
309B can be colinearly fixed together, for example by
friction welding, so as to be formed into a single contin-
uous component.
[0006] The integration of the output gear shaft 309B
with the inner race 309A of the sprag clutch 303 as dis-
closed herein constitutes an example of a deviation from
prior drive train assemblies. Traditionally, an output gear
shaft would be a separate component from a sprag
clutch. The sprag clutch would typically be connected to
the output gear shaft via another component, such as a
dog-bone shaft, that allows for axial misalignments be-
tween the output gear shaft and the sprag clutch. How-
ever, integration of the inner race 309A and the output
gear shaft 309B into a single shaft component reduces
parts count, weight, and complexity, which is desirable
for aircraft applications.
[0007] The sprag clutch 303 includes an outer race 305
having a longitudinal axis 307 therethrough, with the in-
ner race 309A positioned concentrically within the outer
race 305. An annular space 311 is therefore present be-
tween the inner race 309A and the outer race 305. One
or more annular sprag rows 313 are positioned in the
annular space 311 radially between the inner race 309A
and the outer race 305. The exact number and configu-
ration of sprags is determined according to principles
known in the art for designing sprag clutches. Outer race
305 is adapted for connection to an input shaft (not
shown) at an input end 318. For example, the input end
318 of the outer race 305 can be a gear, such as a spiral
bevel gear in the illustrated embodiment (note that the
gear teeth are not shown in Figure 4 for simplicity of the
view), or can be provided with internal and/or external
crowned splines (not shown) which can receive torque
from the input shaft. Outer race 305 can be adapted for
connection to an input shaft using any one of a variety
of known mechanical connections. The integrated inner
race 309A and gear shaft 309B has an output end 315
at a distal end of the output gear shaft 309B.
[0008] The clutch portion 302A includes a pair of over-
running bearings 319, 321 positioned radially between
the outer race 305 and the inner race 309A of the sprag
clutch 303. The first bearing 319 of the pair is positioned
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axially between the output end 315 and the sprag rows
313. The second bearing 321 is positioned axially on the
opposite side of the sprag rows 313 from the output end
315.
[0009] The sprag clutch 303 can be used in a variety
of rotorcraft designs to transfer power from an engine to
rotor system. In the illustrated embodiment, a duplex
bearing assembly 331 is provided for supporting the su-
bassembly 301 in the axial direction. Alternative embod-
iments can include a single-row bearing in place of the
duplex bearing assembly 331, depending on the input to
the input end 318. In the illustrated embodiment, the du-
plex bearing assembly 331 is desirable because it pro-
vides for more exact axial positioning than a single-row
bearing, which is desirable for use with the spiral bevel
gear on the input end 318. The configuration and location
of the bearing assembly 331 can vary depending on the
loading induced by the configuration of the outer race
305 and the gear shaft 309B. Also, depending on the
input and output drive arrangements of the particular air-
craft drivetrain, the loads on the bearings 331 can be
modified such that the subassembly 301 can be held ra-
dially between roller bearings and axially with the duplex
bearing assembly 331.
[0010] In the event of an engine failure, the sprag clutch
303 allows the rotor system to continue to rotate faster
than the engine so that the rotorcraft can perform an auto-
rotation. In rotorcraft with more than one engine, the
clutch is also used to allow one engine to be started up
before the other engine(s). The input end of outer race
305 and output end 315 of the integrated inner race 309A
and the gear shaft 309B are positioned at opposite ends
of the longitudinal axis 307. When the sprag clutch 303
is engaged and in driving mode, the outer race 305 and
the integrated inner race 309A and gear shaft 309B rotate
together as single shaft. However, in the event of an en-
gine failure, the sprag clutch 303 is disengaged and al-
lows the integrated inner race 309A and gear shaft 309B
to rotate faster than the outer race 305 in order to allow
for autorotation.
[0011] Referring now also to Figure 4, the gear shaft
portion 302B of the drive train subassembly 301 can ex-
tend into a downstream component of the drivetrain. For
example, in the illustrated embodiment, the gear shaft
309B extends into a gearbox 401. Since the gear shaft
309B is integrally formed with the inner race 309A of the
sprag clutch 303, the inner race 309A is part of a single
continuous component that also serves as the gear shaft
309B that extends into the gearbox 401 for transmitting
torque to downstream drivetrain components. The inte-
grated inner race 309A and gear shaft 309B can be
formed of metal, such as hardened steel, or can be
formed of composite or ceramic material.
[0012] An output gear 323 is formed on the gear shaft
309B between the sprag clutch 303 and the output end
315. For example, in the illustrated embodiment the out-
put gear 323 is a helical gear, but other types of gears
can be used depending on the drivetrain configuration.

Also, while the illustrated embodiment includes an inte-
grally formed output gear 323, alternative embodiments
can include an output gear that is a separate component
that is attached to the gear shaft 309B. It will also be
appreciated that the gear shaft 309B can be provided
with additional components (not shown) within the gear-
box 401, such as one or more bearings, flanges, and
retaining nuts.
[0013] The embodiment of the integrated inner race
309A and the gear shaft 309B includes a generally cy-
lindrical portion 325A that extends from within the sprag
rows 313 to the output gear 323. The integrated inner
race 309A and the gear shaft 309B further includes a pair
of frustoconical portions 325B and 325C. The first frus-
toconical portion 325B extends from the output gear 323
away from the input end 318 such that the outside diam-
eter of the first frustoconical portion 325B increases as
it extends away from the output gear 323. The second
frustoconical portion 325C extends from the sprag rows
313 to the bearing 321 such that the outside diameter of
the second frustoconical portion 325C decreases from
the sprag rows 313 to the bearing 321. However, it will
be appreciated that the shape of the integrated inner race
309A and the gear shaft 309B can differ from the illus-
trated embodiment as desired to accommodate different
drivetrain configurations.
[0014] While various embodiments in accordance with
the principles disclosed herein have been described
above, it should be understood that they have been pre-
sented by way of example only, and are not limiting. Thus,
the breadth and scope of the claims should not be limited
by any of the above-described exemplary embodiments,
but should be defined only in accordance with the claims
and their equivalents issuing from this disclosure. Fur-
thermore, the above advantages and features are pro-
vided in described embodiments, but shall not limit the
application of such issued claims to processes and struc-
tures accomplishing any or all of the above advantages.
Also, the phrases "at least one of A, B, and C" and "A
and/or B and/or C" should each be interpreted to include
only A, only B, only C, or any combination of A, B, and C.

Claims

1. A drivetrain subassembly comprising:

a clutch portion including a sprag clutch having
an inner race that is configured to rotate about
a longitudinal axis; and
a gear shaft portion including a gear shaft inte-
grally formed with the inner race of the sprag
clutch so as to form an integrated inner
race/gear shaft member,
wherein the integrated inner race/gear shaft
member is configured to rotate about the longi-
tudinal axis for transmitting torque from the
sprag clutch to a downstream drivetrain compo-
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nent.

2. An aircraft comprising:

a rotor system; and
a drivetrain subassembly for transferring torque
to the rotor system, the drivetrain subassembly
comprising:

a clutch portion including a sprag clutch hav-
ing an inner race that is configured to rotate
about a longitudinal axis; and
a gear shaft portion including a gear shaft
integrally formed with the inner race of the
sprag clutch so as to form an integrated in-
ner race/gear shaft member,
wherein the integrated inner race/gear shaft
member is configured to rotate about the
longitudinal axis for transmitting torque from
the sprag clutch towards the rotor system.

3. The subassembly of claim 1 or the aircraft of claim
2, wherein the sprag clutch further comprises an out-
er race, wherein the inner race is positioned concen-
trically within the outer race.

4. The subassembly or aircraft of claim 3, wherein the
sprag clutch further comprises at least one sprag
row between the inner race and the outer race.

5. The subassembly of claim 1 or of claim 3 or of claim
4, or the aircraft of claim 2 or of claim 3 or of claim
4, wherein the clutch portion further comprises a first
bearing positioned between the outer race and the
inner race of the sprag clutch.

6. The subassembly or aircraft of claim 5, wherein the
clutch portion further comprises a second bearing
positioned between the outer race and the inner race
of the sprag clutch.

7. The subassembly or aircraft of claim 6, wherein the
sprag clutch further comprises at least one sprag
row radially disposed between the inner race and
the outer race and axially disposed between the first
and second bearings.

8. The subassembly of claim 1 or of any preceding
claim, or the aircraft of claim 2 or of any preceding
claim, wherein an output gear is formed on the gear
shaft such that the sprag clutch is between the output
gear and an input end of the integrated inner
race/gear shaft member.

9. The subassembly or aircraft of claim 8, wherein the
gear shaft extends from the sprag clutch to within a
gearbox.

10. The subassembly or aircraft of claim 9, wherein the
output gear is disposed within the gearbox.

11. The subassembly or aircraft of claim 10, wherein the
output gear is a helical gear.
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