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(54) Integrated Actuator Module for Gas Turbine Engine

(57) An actuator module (98) for a gas turbine engine
includes a multiple of actuators (102,104,106) mounted
within a common actuator housing (100). The actuators

may drive low pressure compressor variable vane sets
(92A;92B;92C), high pressure compressor variable vane
sets (96A;96B;96C) and a bleed valve (94).
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Description

BACKGROUND

[0001] The present invention relates to a gas turbine
engine integrated actuator module.
[0002] Gas turbine engine performance is typically en-
hanced through a variable compressor vane system to
effectively utilize engine power capacity and enhance
transitional performance. The variable compressor vane
system typically includes a low pressure compressor var-
iable vane set and a high pressure variable compressor
vane set. Each variable vane in each set is rotated in
unison through a crank arm linkage. Each crank arm in
a set is linked together through a unison ring located cir-
cumferentially around the respective compressor case.
Each unison ring is rotated by an individual respective
actuator to operate the respective variable vane set.
[0003] Although effective, each actuator is individually
mounted in various locations about the engine case
structure such that each actuator requires a separate in-
dividual mount platform and hardware. Relatively signif-
icant amounts of space within the engine core nacelle
and weight redundancies may thereby be generated.

SUMMARY

[0004] An actuator module for a gas turbine engine ac-
cording to an exemplary aspect of the present disclosure
includes an actuator housing, a first actuator mounted
within the actuator housing, the first actuator operable to
actuate a first variable vane set, and a second actuator
mounted within the actuator housing, the second actuator
operable to actuate a second variable vane set.
[0005] In a further non-limiting embodiment of the fore-
going actuator module embodiment, the actuator module
may further comprise a third actuator mounted within the
actuator housing, the third actuator operable to actuate
a bleed valve system.
[0006] The bleed valve system may comprise a 2.5
bleed valve actuator system.
[0007] In a further non-limiting embodiment of any of
the foregoing embodiments, the actuator housing may
be mountable to an accessory gearbox. Additionally or
alternatively, the actuator housing may be mountable to
an engine static structure. Additionally or alternatively,
the actuator housing may be mountable to an intermedi-
ate case (IMC).
[0008] In a further non-limiting embodiment of any of
the foregoing embodiments, the first variable vane set
may be a low pressure compressor variable vane set.
[0009] In a further non-limiting embodiment of any of
the foregoing embodiments, the second variable vane
set may be a high pressure compressor variable vane set.
[0010] A gas turbine engine according to another ex-
emplary aspect of the present disclosure includes a static
structure, a core engine, a gear system supported by the
static structure, a fan section driven by the core engine

through the gear system, an actuator housing mounted
to the static structure, and a first actuator mounted within
the actuator housing, the first actuator operable to actu-
ate a first variable vane set of the core engine.
[0011] In a further non-limiting embodiment of the fore-
going gas turbine engine embodiment, the first variable
vane set may be a low pressure compressor variable
vane set.
[0012] In a further non-limiting embodiment of any of
the foregoing gas turbine engine embodiments, the gas
turbine engine may further comprise a second actuator
mounted within the actuator housing, the second actuator
may be operable to actuate at least one second variable
vane set.
[0013] The second variable vane set may be a high
pressure compressor variable vane set.
[0014] In a further non-limiting embodiment of any of
the foregoing gas turbine engine embodiments, the gear
system may define a gear reduction ratio of greater than
or equal to about 2.3.
[0015] In a further non-limiting embodiment of any of
the foregoing gas turbine engine embodiments, the gear
system may define a gear reduction ratio of greater than
or equal to about 2.5.
[0016] In a further non-limiting embodiment of any of
the foregoing gas turbine engine embodiments, the gear
system may define a gear reduction ratio of greater than
or equal to 2.5.
[0017] In a further non-limiting embodiment of any of
the foregoing gas turbine engine embodiments, the core
engine may include a low pressure turbine which defines
a pressure ratio that is greater than about five (5).
[0018] In a further non-limiting embodiment of any of
the foregoing gas turbine engine embodiments, the core
engine may include a low pressure turbine which defines
a pressure ratio that is greater than five (5).
[0019] In a further non-limiting embodiment of any of
the foregoing gas turbine engine embodiments, the fan
section may be mounted within a fan nacelle and the core
engine may be mounted within a core nacelle, the fan
nacelle may be mounted at least partially around the core
nacelle to define a fan bypass flow path for a fan bypass
airflow, the fan bypass airflow may define a bypass ratio
greater than about six (6).
[0020] In a non-limiting embodiment the bypass airflow
may define a bypass ratio greater than about ten (10).
[0021] In a non-limiting embodiment the bypass flow
may define a bypass ratio greater than ten (10).

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The various features and advantages of this in-
vention will become apparent to those skilled in the art
from the following detailed description of the disclosed
non-limiting embodiment. The drawings that accompany
the detailed description can be briefly described as fol-
lows:
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Figure 1A is a general schematic sectional view
through a gas turbine engine along the engine lon-
gitudinal axis;
Figure 1B is a general sectional view through a gas
turbine engine along the engine longitudinal axis il-
lustrating an engine static structure case arrange-
ment on the lower half thereof;
Figure 2A is a side partial sectional view of a gas
turbine engine illustrating an engine static structure
case arrangement with an accessory gearbox
mounted thereto;
Figure 2B is a perspective view of a gas turbine en-
gine looking forward to illustrate the piggy-back of
accessory components onto the accessory gearbox;
Figure 2C is a general sectional view through the
gas turbine engine along the engine longitudinal axis
illustrating the accessory gearbox and actuator mod-
ule location;
Figure 2D is a partial sectional view through a nacelle
structure of a gas turbine engine illustrating the ac-
cessory gearbox and actuator module location;
Figure 2E is a rear view of an engine static structure
case arrangement illustrating the actuator module
location between lobes of the accessory gearbox;
Figure 2F is a schematic view of the actuator module;
Figure 3A is a general sectional view through the
gas turbine engine along the engine longitudinal axis
illustrating another actuator module location for a gas
turbine engine without an accessory gearbox; and
Figure 3B is a perspective view of the intermediate
case (IMC) of the gas turbine engine of Figure 3A
illustrating the actuator module location mounted di-
rectly to the IMC.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0023] In the foregoing paragraphs, each paragraph
begins with the respective figures being identified which
are about to be explained. If no figures are called out at
the beginning of the paragraph, it should be inferred that
the same figures are to be referenced as in the preceding
paragraph(s).
[0024] Figure 1A illustrates a general partial fragmen-
tary schematic view of a gas turbine engine 10 suspend-
ed from an engine pylon 12 within an engine nacelle as-
sembly N as is typical of an aircraft designed for subsonic
operation.
[0025] The engine 10 includes a core engine within a
core nacelle C that houses a low spool 14 and high spool
24. The low spool 14 includes a low pressure compressor
16 and low pressure turbine 18. The low spool 14 drives
a fan section 20 connected to the low spool 14 either
directly or through a gear train 25.
[0026] The high spool 24 includes a high pressure
compressor 26 and high pressure turbine 28. A combus-
tor 30 is arranged between the high pressure compressor
26 and high pressure turbine 28. The low and high spools

14, 24 rotate about an engine axis of rotation A.
[0027] The engine 10 in one non-limiting embodiment
is a high-bypass geared architecture aircraft engine. In
one disclosed, non-limiting embodiment, the engine 10
bypass ratio is greater than about six (6) to ten (10), the
gear train 22 is an epicyclic gear train such as a planetary
gear system or other gear system with a gear reduction
ratio of greater than about 2.3 and the low pressure tur-
bine 18 has a pressure ratio that is greater than about 5.
In one disclosed embodiment, the bypass ratio is greater
than ten (10:1), the fan diameter is significantly larger
than that of the low pressure compressor 16. The gear
train 25 may be an epicycle gear train such as a planetary
gear system or other gear system with a gear reduction
ratio approximately 2.5:1. It should be understood, how-
ever, that the above parameters are only exemplary of
one embodiment of a geared architecture engine and
that the present invention is applicable to other gas tur-
bine engines including direct drive turbofans.
[0028] Airflow enters the fan nacelle F which at least
partially surrounds the core nacelle C. The fan section
20 communicates airflow into the core nacelle C to the
low pressure compressor 16. Core airflow compressed
by the low pressure compressor 16 and the high pressure
compressor 26 is mixed with the fuel in the combustor
30 where it is ignited, and burned. The resultant high
pressure combustor products are expanded through the
high pressure turbine 28 and low pressure turbine 18.
The turbines 28, 18 are rotationally coupled to the com-
pressors 26, 16 respectively to drive the compressors
26, 16 in response to the expansion of the combustor
product. The low pressure turbine 18 also drives the fan
section 20 through gear train 25. A core engine exhaust
exits the core nacelle C through a core nozzle 43 defined
between the core nacelle C and a tail cone 33.
[0029] Referring to Figure 1B, the engine static struc-
ture 44 generally has substructures including a case
structure often referred to as the engine backbone. The
engine static structure 44 generally includes a fan case
46, an intermediate case (IMC) 48, a high pressure com-
pressor case 50, a combustor case 52A, a high pressure
turbine case 52B, a thrust case 52C, a low pressure tur-
bine case 54, and a turbine exhaust case 56 (Figure 1B).
Alternatively, the combustor case 52A, the high pressure
turbine case 52B and the thrust case 52C may be com-
bined into a single case. It should be understood that this
is an exemplary configuration and any number of cases,
and case arrangements may be utilized.
[0030] The fan section 20 includes a fan rotor 32 with
a plurality of circumferentially spaced radially outwardly
extending fan blades 34. The fan blades 34 are surround-
ed by the fan case 46. The core engine case structure is
secured to the fan case 46 at the IMC 48 which includes
a multiple of circumferentially spaced radially extending
struts 40 which radially span the core engine case struc-
ture and the fan section 20. The multiple of circumferen-
tially spaced radially extending struts 40 are often gener-
ically referred to as Fan Exit Guide Vanes (FEGVs).
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[0031] Referring to Figure 1A and 1B, the engine static
structure 44 further supports a bearing system upon
which the turbines 28, 18, compressors 26, 16 and fan
rotor 32 rotate. A #1 fan dual bearing 60 which rotationally
supports the fan rotor 32 is axially located generally within
the fan case 46. The #1 fan dual bearing 60 is preloaded
to react fan thrust forward and aft (in case of surge). A
#2 LPC bearing 62 which rotationally supports the low
spool 14 is axially located generally within the interme-
diate case (IMC) 48. The #2 LPC bearing 62 reacts thrust.
A #3 HPC bearing 64 which rotationally supports the high
spool 24 and also reacts thrust. The #3 HPC bearing 64
is also axially located generally within the IMC 48 just
forward of the high pressure compressor case 50. A #4
bearing 66 which rotationally supports a rear segment of
the low spool 14 reacts only radial loads. The #4 bearing
66 is axially located generally within the thrust case 52C
in an aft section thereof. A #5 bearing 68 rotationally sup-
ports the rear segment of the low spool 14 and reacts
only radial loads. The #5 bearing 68 is axially located
generally within the thrust case 52C just aft of the #4
bearing 66. It should be understood that this is an exem-
plary configuration and any number of bearings may be
utilized.
[0032] The #4 bearing 66 and the #5 bearing 68 are
supported within a mid-turbine frame (MTF) 70 to strad-
dle radially extending structural struts 72 which are
preloaded in tension. The MTF 70 provides aft structural
support within the thrust case 52C for the #4 bearing 66
and the #5 bearing 68 which rotatably support the spools
14, 24.
[0033] A dual rotor engine such as that disclosed in
the illustrated embodiment typically includes a forward
frame and a rear frame that support the main rotor bear-
ings. The intermediate case (IMC) 48 also includes the
radially extending struts 40 which are generally radially
aligned with the #2 LPC bearing 62. It should be under-
stood that various engines with various case and frame
structures will benefit from the present invention.
[0034] The turbofan gas turbine engine 10 is mounted
to aircraft structure such as an aircraft wing through a
mount system 80 attachable by the pylon 12. The mount
system 80 includes a forward mount 82 and an aft mount
84. The forward mount 82 is secured to the IMC 48 and
the aft mount 84 is secured to the MTF 70 at the thrust
case 52C. The forward mount 82 and the aft mount 84
are arranged in a plane containing the axis A of the engine
10.
[0035] Referring to Figure 1B and 2A, an accessory
gearbox 90 may be mounted to the intermediate case
(IMC) 48. That is the accessory gearbox 90 may be
mounted to the intermediate case (IMC) 48 or be formed
integral therewith. It should be understood that the ac-
cessory gearbox 90 may be mounted anywhere on the
engine static structure 44. In one non-limiting embodi-
ment the accessory gearbox 90 is located axially be-
tween the low pressure compressor 16 and the high pres-
sure compressor 26.

[0036] Referring to Figure 2B and 2C, the accessory
gearbox 90 provides significant radial area within the core
nacelle (C) inboard of the struts 40 to support accessory
engine components such as, for example only, a start-
er/generator (SG), a hydraulic pump (HP), an oil pump
(OP), an integrated oil tank (OT), a fuel pump (FP) and
others which thereby saves weight and space within the
core nacelle (C). It should be understood, that any
number and type of accessory components are readily
mountable on or adjacent to the accessory gearbox 90.
[0037] Referring to Figure 1B and 2F, the engine static
structure 44 includes a variable compressor vane system
91 which may include a multiple of low pressure com-
pressor variable vane sets 92A, 92B, 92C and a multiple
of high pressure compressor variable vane sets 96A,
96B, 96C, 96D. The engine static structure 44 may also
include a bleed valve system such as a 2.5 bleed valve
actuator system 94.
[0038] The intermediate case (IMC) 48 supports the
multiple of low pressure compressor variable vane sets
92A, 92B, 92C. The intermediate case (IMC) 48 may also
support the 2.5 bleed valve actuator system 94. It should
be understood that the 2.5 bleed valve actuator system
94 is located generally between the 2nd and 3rd stage,
but other bleed valve actuator systems may alternatively
or additionally benefit herefrom. The high pressure com-
pressor case 50 supports the multiple of high pressure
compressor variable vane sets 96A, 96B, 96C. It should
be understood that any number of compressor variable
vane sets may alternatively or additionally be provided.
[0039] Referring to Figures 2D, 2E, and 2F, an actuator
module 98 is mounted between lobes of the accessory
gearbox 90 in one non-limiting embodiment. The actuator
module 98 generally includes a common actuator hous-
ing 100 having a multiple of actuators 102, 104, 106 con-
tained therein. Each actuator 102, 104, 106 such as a
hydraulic, pneumatic, or electric actuator, for example,
drives the respective low pressure compressor variable
vane sets 92A, 92B, 92C; 2.5 bleed valve actuator system
94; and the high pressure compressor variable vane sets
96A, 96B, 96C, 96D.
[0040] Each actuator 102, 104, 106 may be connected
to various linkages and be actuated independently as
required through a control. In one non-limiting embodi-
ment, the actuator 102 drives a linkage system 108 such
as a bell crank mechanism to operate the low pressure
compressor variable vane sets 92A, 92B, 92C. The ac-
tuator 104 drives a linkage system 110 such as an actu-
ator ring to operate the 2.5 bleed valve actuator system
94. The actuator 106 drives a linkage system 112 such
as a bell crank mechanism to operate the high pressure
compressor variable vane sets 96A, 96B, 96C, 96D. It
should be understood that any multiple of actuators may
be contained within the actuator module 98 to operate
various additional or alternative engine systems.
[0041] Referring to Figure 1B, 3A, and 3B, an actuator
module 98’ is mounted directly to the intermediate case
(IMC) 48 in another non-limiting embodiment. The actu-
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ator module 98’ is located axially between the low pres-
sure compressor 16 and the high pressure compressor
26. The actuator module 98’ is also radially located in an
annulus defined between the multiple of circumferentially
spaced radially extending struts 40 and a multiple of
struts 116 within an inner frame 118 of the intermediate
case (IMC) 48. The inner frame 118 may provide a for-
ward structural support for the #2 LPC bearing 62 which
rotatably support the spools 14, 24 within the intermedi-
ate case (IMC) 48 which also includes the radially ex-
tending struts 40. It should be understood that various
engines with various case and frame structures will ben-
efit herefrom.
[0042] Integration of the compressor actuators within
the actuator module reduces actuator space; eliminates
redundant mounting material and parts; and reduces
maintenance schedule time and complexity. Each actu-
ator may be serviced independently by removing the in-
dividual actuator parts from the housing or by removing
and replacing the actuator module as a unit.
[0043] It should be understood that relative positional
terms such as "forward," "aft," "upper," "lower," "above,"
"below," and the like are with reference to the normal
operational attitude of the vehicle and should not be con-
sidered otherwise limiting.
[0044] It should be understood that although a partic-
ular component arrangement is disclosed in the illustrat-
ed embodiment, other arrangements will benefit from the
instant invention.
[0045] The foregoing description is exemplary rather
than defined by the limitations within. Many modifications
and variations are possible in light of the above teachings.
Non-limiting embodiments are disclosed herein, howev-
er, one of ordinary skill in the art would recognize that
certain modifications would come within the scope of this
invention. It is, therefore, to be understood that within the
scope of the appended claims, the invention may be prac-
ticed otherwise than as specifically described. For that
reason the following claims should be studied to deter-
mine the true scope and content of this invention.

Claims

1. An actuator module (98;98’) for a gas turbine engine
comprising:

an actuator housing (100);
a first actuator (102) mounted within said actu-
ator housing (100), said first actuator (102) op-
erable to actuate a first variable vane set (92A;
92B;92C); and
a second actuator (106) mounted within said ac-
tuator housing (100), said second actuator (106)
operable to actuate a second variable vane set
(96A;96B;96C;96D).

2. The actuator module as recited in claim 1, further

comprising a third actuator (104) mounted within said
actuator housing (100), said third actuator (104) op-
erable to actuate a bleed valve system (94), for ex-
ample a 2.5 bleed valve actuator system.

3. The actuator module as recited in claim 1 or 2, where-
in said actuator housing (100) is mountable to an
accessory gearbox (90).

4. The actuator module as recited in any preceding
claim, wherein said actuator housing (100) is mount-
able to an engine static structure.

5. The actuator module as recited in any preceding
claim, wherein said actuator housing (100) is mount-
able to an intermediate case (IMC) (48).

6. The actuator module as recited in any preceding
claim, wherein said first variable vane set (92A,92B,
92C) is a low pressure compressor variable vane set.

7. The actuator module as recited in any preceding
claim, wherein said second variable vane set (96A,
96B,96C;96D) is a high pressure compressor varia-
ble vane set.

8. A gas turbine engine comprising the actuator module
of any preceding claim.

9. A gas turbine engine (10) comprising:

a static structure;
a core engine;
a gear system (25) supported by said static
structure;
a fan section (20) driven by said core engine
through said gear system (25);
an actuator housing (100) mounted to said static
structure; and
a first actuator (102) mounted within said actu-
ator housing (100), said first actuator (102) op-
erable to actuate a first variable vane set (92A;
92B;92C) of said core engine.

10. The engine as recited in claim 9, wherein said first
variable vane set (92A;92B;92C) is a low pressure
compressor variable vane set.

11. The engine as recited in claim 9 or 10, further com-
prising a second actuator (106) mounted within said
actuator housing (100), said second actuator (106)
operable to actuate at least one second variable
vane set (96A;96B;96C;96D).

12. The engine as recited in claim 11, wherein said sec-
ond variable vane set (96A;96B;96C;96D) is a high
pressure compressor variable vane set.
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13. The engine as recited in any of claims 9 to 12, where-
in said gear system (25) defines a gear reduction
ratio of greater than or equal to about 2.3, for exam-
ple a gear reduction ratio of greater than or equal to
about 2.5, for example a gear reduction ratio of great-
er than or equal to 2.5.

14. The engine as recited in any of claims 9 to 13, where-
in said core engine includes a low pressure turbine
(18) which defines a pressure ratio that is greater
than about five (5) or is greater than five (5).

15. The engine as recited in any of claims 9 to 14, where-
in said fan section (20) is mounted within a fan na-
celle (F) and said core engine is mounted within a
core nacelle (C), said fan nacelle (F) mounted at least
partially around said core nacelle (C) to define a fan
bypass flow path for a fan bypass airflow, said fan
bypass airflow defines a bypass ratio greater than
about six (6), for example a bypass ratio greater than
about ten (10), for example a bypass ratio greater
than ten (10).
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