
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

33
3 

37
5

A
1

TEPZZ¥¥¥¥¥75A_T
(11) EP 3 333 375 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
13.06.2018 Bulletin 2018/24

(21) Application number: 17205661.6

(22) Date of filing: 06.12.2017

(51) Int Cl.:
F01D 17/16 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD TN

(30) Priority: 12.12.2016 US 201615375810

(71) Applicant: United Technologies Corporation
Farmington, CT 06032 (US)

(72) Inventors:  
• McGuire, II, James F.

East Hampton, CT 06424 (US)
• Chimalamarri, Venkata Reddy

Kukatpally, Hyderabad (IN)
• Jayakumar, Seetharama Reddy Katta

560100 Bangalore, Karnataka (IN)

(74) Representative: Gittins, Alex Michael
Dehns 
St Bride’s House 
10 Salisbury Square
London EC4Y 8JD (GB)

(54) SYNC RING ASSEMBLY AND ASSOCIATED CLEVIS INCLUDING A RIB

(57) Aspects of the disclosure are directed to a sync
ring assembly (300) associated with an engine (10), com-
prising a sync ring (304a), and a clevis (312a) coupled
to the sync ring (304a), where the clevis (312a) includes

a rib (362) that resists a deflection of the sync ring as-
sembly (300) when the engine (10) is operated, and
where the clevis (312a) is made of titanium.
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Description

BACKGROUND

[0001] Gas turbine engines, such as those which pow-
er aircraft and industrial equipment, employ a compres-
sor to compress air that is drawn into the engine and a
turbine to capture energy associated with the combustion
of a fuel-air mixture.
[0002] Referring to FIG. 2A, a prior art sync ring as-
sembly 200 is shown. The assembly 200 is formed from
sync rings 204a and 204b. The sync rings 204a and 204b
are coupled to one another via clevises 212a and 212b.
Conventionally, the sync rings 204a and 204b are made
of steel and the clevises 212a and 212b are made of
nickel.
[0003] FIG. 2B illustrates a clevis (e.g., clevis 212a) of
the assembly 200 of FIG. 2A. As shown, the clevis in-
cudes stand-offs 222a, 222b, and 222c at/proximate a
first end 224 of the clevis. The stand-offs include holes
to seat fasteners (not shown) for coupling the clevis to a
sync ring (e.g., sync ring 204a - see FIG. 2A). The clevis
also includes a wall 232 in proximity to the stand-offs
222a-222c. FIG. 2C illustrates a cross-section of the cle-
vis of FIG. 2B taken about the line 252a-252b. The rea-
sons for the inclusion of FIG. 2C will become more ap-
parent in the description to follow.
[0004] During engine operation, the assembly 200 may
experience one or more deflections during a surge con-
dition (where the surge condition may be in response to
one or more changing environmental conditions, opera-
tor/pilot inputs, etc.). In order to maintain the structural
and functionality integrity of the engine, the assembly
200 may be required to provide an associated degree of
stiffness to counter/resist the tendency to deflect during
the surge condition.
[0005] Accordingly, what is needed is a sync ring as-
sembly that has greater stiffness to reduce the magnitude
of the deflections experienced by the sync ring assembly
during engine operation. Furthermore, a reduction in
weight of the sync ring assembly would promote engine
efficiency/performance in terms of, e.g., thrust specific
fuel consumption.

BRIEF SUMMARY

[0006] The following presents a simplified summary in
order to provide a basic understanding of some aspects
of the disclosure. The summary is not an extensive over-
view of the disclosure. It is neither intended to identify
key or critical elements of the disclosure nor to delineate
the scope of the disclosure. The following summary
merely presents some concepts of the disclosure in a
simplified form as a prelude to the description below.
[0007] Aspects of the disclosure are directed to a sync
ring assembly associated with an engine, comprising: a
sync ring, and a clevis coupled to the sync ring, where
the clevis includes a rib that resists a deflection of the

sync ring assembly when the engine is operated, and
where the clevis is made of titanium. In some embodi-
ments, the rib is located on an interior of the clevis. In
some embodiments, the clevis includes a second rib. In
some embodiments, the second rib is located on an ex-
terior of the clevis. In some embodiments, the rib is lo-
cated on an exterior of the clevis. In some embodiments,
the clevis includes at least one stand-off that includes a
hole to seat a fastener that couples the clevis to the sync
ring. In some embodiments, a radial projection of the rib
is confined within a radial projection of the at least one
stand-off. In some embodiments, the at least one stand-
off is located proximate a first end of the clevis. In some
embodiments, the clevis is wall-free in proximity to a first
end of the clevis. In some embodiments, the clevis in-
cludes a wall proximate to a second end of the clevis,
where the second end is opposed to the first end. In some
embodiments, the sync ring assembly further comprises
a second clevis coupled to the sync ring. In some em-
bodiments, the sync ring assembly further comprises a
second sync ring coupled to the first clevis and the sec-
ond clevis. In some embodiments, the second clevis in-
cludes a second rib.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure is illustrated by way of
example and not limited in the accompanying figures in
which like reference numerals indicate similar elements.
The drawing figures are not necessarily drawn to scale
unless specifically indicated otherwise.

FIG. 1 is a side cutaway illustration of a geared tur-
bine engine.

FIG. 2A illustrates a prior art sync ring assembly.

FIG. 2B illustrates a clevis of the sync ring assembly
of FIG. 2A.

FIG. 2C illustrates a cross-section of the clevis of
FIG. 2B.

FIG. 3A illustrates a sync ring assembly in accord-
ance with aspects of this disclosure.

FIG. 3B illustrates a clevis of the sync ring assembly
of FIG. 3A.

FIG. 3C illustrates a cross-section of the clevis of
FIG. 3B.

FIG. 4 illustrates an arrangement of clevises in a
plurality of stages.

FIG. 5A illustrates a fastener in accordance with the
prior art.
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FIG. 5B illustrates a coupling of a sync ring and a
clevis using the fastener of FIG. 5A.

FIG. 6A illustrates a fastener in accordance with as-
pects of this disclosure.

FIG. 6B illustrates a coupling of a sync ring and a
clevis using the fastener of FIG. 6A.

DETAILED DESCRIPTION

[0009] It is noted that various connections are set forth
between elements in the following description and in the
drawings (the contents of which are included in this dis-
closure by way of reference). It is noted that these con-
nections are general and, unless specified otherwise,
may be direct or indirect and that this specification is not
intended to be limiting in this respect. A coupling between
two or more entities may refer to a direct connection or
an indirect connection. An indirect connection may incor-
porate one or more intervening entities or a space/gap
between the entities that are being coupled to one an-
other.
[0010] Aspects of the disclosure are directed to appa-
ratuses, systems, and method associated with a sync
ring assembly for an engine. The sync ring assembly may
include one or more sync rings and one or more clevises.
A clevis may be manufactured of one or more materials,
e.g., titanium. The clevis may include a rib that may pro-
vide stiffness to the clevis.
[0011] Aspects of the disclosure may be applied in con-
nection with a gas turbine engine. FIG. 1 is a side cutaway
illustration of a geared turbine engine 10. This turbine
engine 10 extends along an axial centerline 12 between
an upstream airflow inlet 14 and a downstream airflow
exhaust 16. The turbine engine 10 includes a fan section
18, a compressor section 19, a combustor section 20 and
a turbine section 21. The compressor section 19 includes
a low pressure compressor (LPC) section 19A and a high
pressure compressor (HPC) section 19B. The turbine
section 21 includes a high pressure turbine (HPT) section
21A and a low pressure turbine (LPT) section 21B.
[0012] The engine sections 18-21 are arranged se-
quentially along the centerline 12 within an engine hous-
ing 22. Each of the engine sections 18-19B, 21A and 21B
includes a respective rotor 24-28. Each of these rotors
24-28 includes a plurality of rotor blades arranged cir-
cumferentially around and connected to one or more re-
spective rotor disks. The rotor blades, for example, may
be formed integral with or mechanically fastened, weld-
ed, brazed, adhered and/or otherwise attached to the
respective rotor disk(s).
[0013] The fan rotor 24 is connected to a gear train 30,
for example, through a fan shaft 32. The gear train 30
and the LPC rotor 25 are connected to and driven by the
LPT rotor 28 through a low speed shaft 33. The HPC
rotor 26 is connected to and driven by the HPT rotor 27
through a high speed shaft 34. The shafts 32-34 are ro-

tatably supported by a plurality of bearings 36; e.g., rolling
element and/or thrust bearings. Each of these bearings
36 is connected to the engine housing 22 by at least one
stationary structure such as, for example, an annular sup-
port strut.
[0014] During operation, air enters the turbine engine
10 through the airflow inlet 14, and is directed through
the fan section 18 and into a core gas path 38 and a
bypass gas path 40. The air within the core gas path 38
may be referred to as "core air". The air within the bypass
gas path 40 may be referred to as "bypass air". The core
air is directed through the engine sections 19-21, and
exits the turbine engine 10 through the airflow exhaust
16 to provide forward engine thrust. Within the combustor
section 20, fuel is injected into a combustion chamber 42
and mixed with compressed core air. This fuel-core air
mixture is ignited to power the turbine engine 10. The
bypass air is directed through the bypass gas path 40
and out of the turbine engine 10 through a bypass nozzle
44 to provide additional forward engine thrust. This ad-
ditional forward engine thrust may account for a majority
(e.g., more than 70 percent) of total engine thrust. Alter-
natively, at least some of the bypass air may be directed
out of the turbine engine 10 through a thrust reverser to
provide reverse engine thrust.
[0015] FIG. 1 represents one possible configuration for
an engine 10. Aspects of the disclosure may be applied
in connection with other environments, including addi-
tional configurations for gas turbine engines.
[0016] Referring to FIG. 3A, a sync ring assembly 300
is shown. The assembly 300 may be formed from sync
rings 304a and 304b. The sync rings 304a and 304b may
correspond to the sync rings 204a and 204b, respectively
(see FIG. 2A). The sync rings 304a and 304b may be
coupled to one another via clevises 312a and 312b.
[0017] The clevises 312a and 312b may be manufac-
tured of one or more materials. For example, the clevises
312a and 312b may be manufactured by "hogging-out"
titanium. Other techniques may be used in the manufac-
ture of the clevises 312a and 312b. For example, casting,
forging, etc., may be used in some embodiments.
[0018] The assembly 300 may be incorporated as part
of/over split case flanges of an engine (e.g., the engine
10 of FIG. 1). In some embodiments, the flanges may be
associated with the compressor section of the engine
(e.g., compressor section 19 of FIG. 1). FIG. 4 illustrates
a plurality of clevises 312-1, 312-2, 312-3, and 312-4
(where the clevises 312-1 through 312-4 may correspond
to the clevis 312a or the clevis 312b of FIG. 3A). The
clevises 312-1 through 312-4 are shown as being ar-
ranged in one or more axial stages/station planes.
[0019] FIG. 3B illustrates the clevis 312a of the assem-
bly 300 of FIG. 3A. While a description of various features
of the clevis 312a is provided below, the clevis 312b may
include analogous/corresponding features. In this re-
spect, a complete re-description of such features is omit-
ted herein for the sake of brevity.
[0020] As shown, the clevis 312a may include stand-
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offs 322a, 322b, and 322c at/proximate a first end 324
of the clevis. The stand-offs 322a-322c may include holes
to seat fasteners (not shown) for coupling the clevis to a
sync ring (e.g., sync ring 304a - see FIG. 3A). However,
unlike the inclusion of the wall 232 in proximity to the
stand-offs 222a-222c shown in FIG. 2B, in FIG. 3B such
a wall might not be present in proximity to the stand-offs
322a-322c, which is to say that the clevis may be "wall-
free" in proximity to the stand-offs 322a-322c or the first
end 324. The lack of such a wall in FIG. 3B may help to
reduce the weight of the clevis of FIG. 3B (relative to the
clevis of FIG. 2B).
[0021] In some embodiments, the clevises 312a and
312b may be manufactured to include a rib. For example,
as shown in FIG. 3B a rib 362 may be included with the
clevis 312a. One skilled in the art would appreciate that
the particular size/dimension, weight, and/or profile of
the rib 362 may be selected to provide at least the same
level/degree of stiffness/resistance to deflections for the
assembly 300 (see FIG. 3A) as the assembly 200 (see
FIG. 2A).
[0022] In some embodiments, a radial projection of the
rib 362 may not exceed (e.g., may be confined within) a
radial projection/span of the stand-offs 322a-322c. In oth-
er words, in some embodiments the clevises 312a and
312b may be backwards compatible with existing/con-
ventional clevises (e.g., clevises 212a and 212b of FIGS.
2A-2B). Such backwards compatibility may be useful for
retrofitting/substituting the clevises 312a and 312b for
existing hardware/assemblies that may already be in-
service/in-the-field.
[0023] While the rib 362 is shown in FIG. 3B as being
located on the interior/inner diameter 366a of the clevis
312a, the rib may be located on the exterior/outer diam-
eter 366b of the clevis 312a in some embodiments. In
some embodiments, a first rib may be located on the
interior/inner diameter 366a and a second rib may be
located on the exterior/outer diameter 366b of the clevis
312a.
[0024] For a given rib, locating that rib on the interi-
or/inner diameter 366a of the clevis 312a may provide
greater stiffness to the assembly 300 (see FIG. 3A) than
locating the rib on the exterior/outer diameter 366b. Stat-
ed slightly differently, there may be greater efficiency in
terms of stiffness (per unit mass or per unit of dimension
of the rib) that is obtained when the rib is located on the
interior/inner diameter 366a of the clevis 312a relative to
locating the rib on the exterior/outer diameter 366b of the
clevis 312a. Furthermore, there might not be sufficient
space available on the exterior/outer diameter 366b of
the clevis 312a due to other components/parts of an en-
gine that may be located in proximity to the clevis 312a
when the assembly 300 is installed on the engine.
[0025] At/proximate a second end 326 of the clevis
312a (where the second end 326 is opposed to the first
end 324) there may be a wall 372. The wall 372, in com-
bination with the rib 362 located between the ends 324
and 326, may provide for a mistake-proof assembly of

the clevis 312a with respect to the rest of the assembly
300 (see FIG. 3A). For example, the combination of the
wall 372 and the rib 362 may prevent the clevis 312a
from being installed in an inverted direction (e.g., the end
326 at the top and the end 324 at the bottom) relative to
what is shown in FIG. 3B. In this respect, the clevis 312a
may include one or more features to ensure that the clevis
312 is installed/assembled in accordance with a prede-
termined orientation.
[0026] FIG. 3C illustrates a cross-section of the clevis
of FIG. 3B taken about the line 352a-352b. In comparing
FIG. 3C to FIG. 2C, the portion denoted by/within the
dashed circle 362’ is attributable to the presence of the
rib 362 (see FIG. 3B) that is lacking/absent in FIG. 2B.
[0027] Referring to FIGS. 5A-5B, a fastener 510 in ac-
cordance with the prior art that is used to attach a clevis
to a sync ring (e.g., clevis 212b to sync ring 204a - see
FIG. 2A) is shown. The fastener 510 is shown as including
a pin 514, which is oriented in a downward direction in
the perspective shown in FIG. 5A.
[0028] Referring to FIGS. 6A-6B, a fastener 610 in ac-
cordance with aspects of this disclosure that is used to
attach a clevis to a sync ring (e.g., clevis 312b to sync
ring 304a - see FIG. 3A) is shown. The fastener 610 is
shown as including a pin 614, which is oriented in an
upward direction in the perspective shown in FIG. 6A
(which perspective is the same as in FIG. 5A). In other
words, the pin 614 projects in a direction that is opposite
from the projection of the pin 514 in FIG. 5A.
[0029] Technical effects and benefits of this disclosure
include a sync ring assembly that, for a given dimension
of the assembly, has a lower weight than a counterpart
prior art assembly of the same dimension. The reduction
in weight of the assembly might not compromise the stiff-
ness/resistance to deflection of the assembly due to the
inclusion of a rib as part of one or more clevises. In some
embodiments, the stiffness of the assembly may even
be increased/enhanced relative to the prior art assembly.
[0030] Aspects of the disclosure have been described
in terms of illustrative embodiments thereof. Numerous
other embodiments, modifications, and variations within
the scope of the appended claims will occur to persons
of ordinary skill in the art from a review of this disclosure.
For example, one of ordinary skill in the art will appreciate
that the steps described in conjunction with the illustrative
figures may be performed in other than the recited order,
and that one or more steps illustrated may be optional in
accordance with aspects of the disclosure. One or more
features described in connection with a first embodiment
may be combined with one or more features of one or
more additional embodiments.

Claims

1. A sync ring assembly (300) associated with an en-
gine (10), comprising:
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a sync ring (304a); and
a clevis (312a) coupled to the sync ring (304a),
wherein the clevis (312a) includes a rib (362)
that resists a deflection of the sync ring assem-
bly (300) when the engine (10) is operated, and
wherein the clevis (312a) is made of titanium.

2. The sync ring assembly (300) of claim 1, wherein
the rib (362) is located on an interior (366a) of the
clevis (312).

3. The sync ring assembly (300) of claim 2, wherein
the clevis (312a) includes a second rib.

4. The sync ring assembly (300) of claim 3, wherein
the second rib is located on an exterior (366b) of the
clevis (312a).

5. The sync ring assembly (300) of claim 1, wherein
the rib (362) is located on an exterior (366b) of the
clevis (312a).

6. The sync ring assembly (300) of any preceding
claim, wherein the clevis (312a) includes at least one
stand-off (322a, 322b, 322c) that includes a hole to
seat a fastener (610) that couples the clevis (312a)
to the sync ring (304a).

7. The sync ring assembly (300) of claim 6, wherein a
radial projection of the rib (362) is confined within a
radial projection of the at least one stand-off (322a,
322b, 322c).

8. The sync ring assembly (300) of claim 6 or 7, wherein
the at least one stand-off (322a, 322b, 322c) is lo-
cated proximate a first end (324) of the clevis (312a).

9. The sync ring assembly (300) of any preceding
claim, wherein the clevis (312a) is wall-free in prox-
imity to a or the first end (324) of the clevis (312a).

10. The sync ring assembly (300) of claim 9, wherein
the clevis (312a) includes a wall (372) proximate to
a second end (326) of the clevis (312a), wherein the
second end (326) is opposed to the first end (324).

11. The sync ring assembly (300) of any preceding
claim, further comprising:

a second clevis (312b) coupled to the sync ring
(304a).

12. The sync ring assembly (300) of claim 11, further
comprising:

a second sync ring (304b) coupled to the first
clevis (312a) and the second clevis (312b).

13. The sync ring assembly (300) of claim 11 or 12,
wherein the second clevis (312b) includes a second
rib.
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