wo 2014/123740 A1 I} WAV 00O OO A

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

14 August 2014 (14.08.2014)

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2014/123740 A1

(51) International Patent Classification: 06424 (US). GUARDI, Vito; 100 Vine Street, Stratford,
F02C 7/06 (2006.01) FOID 25/18 (2006.01) CT 06614 (US). PARADISE, Bruce; 560 Huckleberry
(21) International Application Number: Hill Road, Avon, CT 06001 (US).
PCT/US2014/013757 (74) Agent: MILLER, Thomas, A.; Miller, Matthias & Hull
(22) International Filing Date: (I{Jé’), One North Franklin, Suite 2350, Chicago, IL 60606
30 January 2014 (30.01.2014) ’
ore . (81) Designated States (uniess otherwise indicated, for every
(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
L. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(30) Priority Data: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(71) Applicant: UNITED TECHNOLOGIES CORPORA- KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
TION [US/US]; One Financial Plaza, Hartford, CT 06101 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(72) Inventors: SNYDER, Ryan, K.; 418 Weir St., Glaston- TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
bury, CT 06033 (US). KISSELBRACK, Kari, L.; 31 ZW.
Payne Blvd., Portland, CT 06480 (US). BERUBE, Jesse, . L
Tan; 34 Forest Hill Drive, Simsbury, CT 060702167 (US). (84) D.e51gnated. States (unle.ss othef"wzse indicated, for every
O'BRIEN, Michael, C.; 78 Quiet Woods Road, Fast kind of regional protection available). ARIPO (BW, GH,
Hampton, CT 06424 (US). HEIMS, Eric, J.; 361 Contry GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Club Road, Avon, CT 06001 (US). MATTE, Ryan, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Timothy; 16 Tammie Ann Drive, East Hampton, CT TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
’ > > EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
[Continued on next page]
(54) Title: OIL CONTROL MODULE
(57) Abstract: An oil control module for a gas
110 turbine engine is provided comprising a hous-
ing on which numerous components of a lub-
ricating system are mounted. The components
{7 112 may include a variable oil reduction
.[((‘d ‘(' valve/shuttle valve, a main oil pressure sensor,
N, a main oil temperature sensor, a main oil filter
' s delta pressure sensor, an oil debris monitor, a
'f/ ! lube filter, an active oil damper valve, a cool
12 oil orifice, a knock down orifice and a lube
trim oritice. By packing numerous lubricating
system components onto or within a housing
located adjacent to the gas turbine engine, the
- oil control module reduces cost and weight and
\b"f . simplifies the maintenance of the lubricating
110 system.
7N
(7
0" (€
& 112
&0
L)

FIG. 4



WO 2014/123740 A1 W00V 00 0 O AR

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, Published:
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,

GW, KM, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



WO 2014/123740 PCT/US2014/013757

OIL CONTROL MODULE

FIELD OF THE DISCLOSURE

[0001] The subject matter of the present disclosure relates generally to lubricating control
systems for jet aircraft. More particularly, the subject matter of the present disclosure relates
to an oil control module for a jet aircraft lubricating system in which various components of
the lubricating system are condensed within the module to make it easier to package and

maintain the various components of the lubricating system.

BACKGROUND OF THE DISCLOSURE

[0002] Gas turbine engines typically comprise a fan delivering air into a compressor
section where the air is compressed before being delivered into a combustion section. In the
combustion section the air is mixed with fuel and ignited to provide propulsion for the
aircraft. Combustion products pass downstream over turbine rotors which are driven to rotate
by the combustion products. A lubricating system provides oil to engine bearings, gears and
other components within the engine.

[0003] The present disclosure is directed to an oil control module for a gas turbine jet
aircraft lubricating system in which various components of the lubricating system are

condensed within the module, thereby eliminating numerous oil tubes and connections.
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SUMMARY OF THE DISCLOSURE

[0004] According to an embodiment of the disclosure, an oil control module (OCM) is
provided in which various components of the lubricating system are condensed within the
module. By co-locating (packing) numerous lubricating system components within an OCM
housing located adjacent to the gas turbine engine, the OCM of the present disclosure reduces
cost and weight and simplifies the maintenance of the lubricating system. The OCM also
permits improved hardware packaging in a highly limited engine design space.

[0005] The OCM may comprise a housing having an exterior and defining an interior;
one or more oil processing components hard mounted to the housing, a lube filter located
within the housing and one or more plug-like devices defining orifices located within the
housing and configured to passively regulate the flow of oil in circuits located within the oil
control module.

[0006] The oil processing components may include a variable oil reduction valve/shuttle
valve, a main oil pressure sensor, a main oil temperature sensor; a main oil filter delta
pressure sensor; and an oil debris monitor. The oil processing components may be hard
mounted to the exterior of the housing.

[0007] The one or more plug-like devices may include a cool oil orifice, a knock down
orifice, and a lube trim orifice. Preferably the plug-like devices are configured and
positioned within the housing so they can easily be changed out.

[0008] The oil control module may further comprise a lube filter located within the
housing.

[0009] The 0il control module may also comprise a plurality of oil tubes running into and
out of the housing for accommodating fluid flow. The oil tubes may include a plurality of
lube in lines and a plurality of lube out lines.

[0010] The oil control module may further comprise an active oil damper valve located in
fluid communication with one of the lube out lines. The active oil damper valve may be hard
mounted to the outside of the housing. The oil control module may further comprise a vent
line running from the variable oil reduction valve/shuttle valve and tied into the active oil
damper valve.

[0011] In another aspect of the disclosure an oil control module is provided comprising a
housing containing multiple lubricating components and one or more internally manifolded
systems that permit the functional interconnection between two or more of the components.

The lubricating components may include a variable oil reduction valve/shuttle valve, a main
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oil pressure sensor, a main oil temperature sensor, a main oil filter delta pressure sensor, an
oil debris monitor, a lube filter, an active oil damper valve, a cool oil orifice, a knock down
orifice and a lube trim orifice.
[0012] In still another aspect of the disclosure a method of installing lubricating system
components for a gas turbine engine, the method comprising the steps of:

providing an oil control module comprising a housing, one or more oil processing
components hard mounted to an exterior of the housing, and one or more plug-like devices
defining oil flow control orifices located within the housing; and

mounting the oil control module to the gas turbine engine, preferably aft of the
compressor section and forward the turbine section.
[0013] Although the different examples described herein may have the specific
components shown in the illustrations, embodiments of this disclosure are not limited to those
particular combinations of components. It is possible to use some of the components or
features from one of the examples in combination with features or components from another

one of the examples.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] So that the manner in which the concepts of the present disclosure recited herein
may be understood in detail, a more detailed description is provided with reference to the
embodiments illustrated in the accompanying drawings. It is to be noted, however, that the
accompanying drawings illustrate only certain embodiments and are therefore not to be
considered limiting of the scope of the disclosure, for the concepts of the present disclosure
may admit to other equally effective embodiments. Moreover, the drawings are not
necessarily to scale, emphasis generally being placed upon illustrating the principles of
certain embodiments.

[0015] Thus, for further understanding of these concepts and embodiments, reference
may be made to the following detailed description, read in connection with the drawings in
which:

[0016] Figure 1 is a schematic diagram of a first embodiment of an oil control module
according to the present disclosure;

[0017] Figure 2 is a schematic diagram of a second embodiment of an oil control module
according to the present disclosure;

[0018] Figure 3 is a side perspective view of a jet engine equipped with an oil control
module; and

[0019] Figure 4 is an enlarged side perspective view of the oil control module of Figure

3.
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DETAILED DESCRIPTION

[0020] The present disclosure relates to a lubricating system for jet aircraft in which
pressurized oil flows to various areas of the engine. In particular, the disclosure relates to an
oil control module for a jet aircraft lubricating system in which various components of the
lubricating system are condensed within an oil control module that is easy to package and
easy to maintain. Components that would normally be distributed in various locations
throughout the lubricating system and separately plumbed, such as valves and sensors, are
consolidated into a single oil control module.

[0021] The oil control module eliminates numerous tube routings and connections that
would normally be required to connect the various lubricating system components by
consolidating them into a single oil control module. These advantages are especially
important in newer geared engines having more complex lubricating systems but less space
for packaging lubricating components. The oil control module is not limited to geared
engines however, since the oil control module can be part of a lubricating system that
lubricates bearings and/or other components.

[0022] Turning to the figures, Figure 1 is a schematic diagram of a first embodiment of
an oil control module 10 according to the present disclosure. The oil control module 10
(OCM) comprises a housing 12 to which may be mounted, either externally or internally,
numerous lubricating system components such as a variable oil reduction valve/shuttle valve
(VORYV) 14, a main oil pressure sensor 16 (MOP), a main oil temperature sensor 18 (MOT),
a main oil filter delta pressure sensor 20 (MOFDP), and an oil debris monitor 22 (ODM) and
a main oil filter 24 (a.k.a. lube filter). The OCM 10 may further comprise plug-like devices
for controlling oil flow, including a cool oil orifice 28, a knock down orifice 30 and a lube
trim orifice 32. A fourth orifice 34 may be located upstream of a last chance screen 36 which
is external to the housing 12. In addition, the housing 12 may contain electronic control and
power signals that interface with the lubricating system components. The various
components may be plumbed in a manner that keeps them close together.

[0023] Oil tubes and electrical conduit run into and out of the OCM 10. For example,
and by way of illustration only, oil may flow into the OCM 10 through a first lube in line 52
and a second lube in line 54. Oil may exit the OCM 10 through a first lube out line 56 to
lubricate the engine gears (not shown) and through a second lube out line 58 to lubricate a
journal bearing compartment (not shown). Oil may also exit the OCM 10 through a third

lube out line 60, a fourth Iube out line 62, a fifth lube out line 64and a sixth lube out line 66
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to lubricate other engine components. il may also enter the OCM 10 through an auxiliary in
line 70 and a scavenger line 68 and exit the OCM 10 through a scavenger out line 72.

[0024] Some of the oil processing components may be hard mounted to the housing 12,
typically onto the exterior of the housing 12, making access and maintenance easier, while
the oil circuits may be located within (inside) the housing 12. “Hard mounted” means the
component is mounted in fixed or semi-fixed relationship to the housing 12. Hard mounting
may be accomplished in any suitable manner, including without limitation by bolting, brazing
or welding. For example, the VORV 14 may be hard mounted onto the exterior of the
housing 12, making it easily separable from the housing 12. Similarly, the MOP 16 may be
hard mounted to the housing exterior and piloted into the housing 12 to sense oil pressure
within a cavity within the housing 12. The MOT 18 may be hard mounted to the exterior to
the housing 12 and may sense the temperature of an oil line within the housing 12. The
MODEFP 20 may be a bolt-on unit, and so too may be the ODM 22.

[0025] The internal, removable plug-like devices referred to herein as orifices can be
sized to passively regulate oil flow through the circuits (bearing compartment supply lines)
located within the OCM 10 according to engine needs. The orifices can be changed out as
needed. The cool oil orifice 28 preferably is internal, that is, located within the housing 12.
Similarly, the knock down orifice 30 and the lube trim orifice 32 are internal to the housing
12. Finally, the lube filter 24 may be located within the housing 12, which is configured so
that the lube filter 24 can easily be changed out.

[0026] Figure 2 is a schematic diagram of a second embodiment of an oil control module
40 according to the present disclosure, the configuration and operation of which is similar to
the first embodiment depicted. Like the first embodiment, the OCM 40 comprises a housing
12 containing numerous lubricating system components such as a variable oil reduction
valve/shuttle valve (VORYV) 14, a main oil pressure sensor 16 (MOP), a main oil temperature
sensor 18 (MOT), a main oil filter delta pressure sensor 20 (MOFDP), an oil debris monitor
22 (ODM), a main oil filter 24, an active oil damper valve 46 (AODP), a cool oil orifice 28, a
knock down orifice 30 and a lube trim orifice 32.

[0027] An active oil damper valve (AODV) 46 may be provided in one of the lube out
lines and hard mounted to the outside of the OCM housing 12. The second embodiment also
includes a vent line 45 running from the VORYV 14 outside of the housing 12. The pressure
driven vent line 45 is dedicated to and may be tied into the AODYV 46.
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[0028] In another aspect of the disclosure an oil control module 10, 40 is provided
comprising a housing 12 on which may be mounted multiple lubricating components and one
or more internally manifolded systems that permit the functional interconnection between
two or more of the lubricating components. The lubricating components may include a
variable oil reduction valve/shuttle valve 14, a main oil pressure sensor 16, a main oil
temperature sensor 18, a main oil filter delta pressure sensor 20, an oil debris monitor 22, a
lube filter 24, an active oil damper valve 46, a cool oil orifice 28, a knock down orifice 30
and a lube trim orifice 32. Further functional integration of the lubricating components can
achieve a further reduction in electrical conduits to and from the OCM.
[0029] Figure 3 is a side perspective view of a gas turbine engine 100. The gas turbine
engine 100 generally comprises a fan section 102, a compressor section 104, a combustor
section 106 and a turbine section 108. Alternative engines might include an augmenter
section (not shown) among other systems or features. The fan section 102 drives air along a
bypass flow path while the compressor section 104 drives air along a core flow path for
compression and communication into the combustor section 106, then expansion through the
turbine section 108. Although depicted as a turbofan gas turbine engine in the disclosed non-
limiting embodiment, it should be understood that the concepts described herein are not
limited to use with turbofans as the teachings may be applied to other types of turbine engines
including three-spool architectures. An oil control module 10 according to the disclosure
may be mounted in a location close to and exterior of the gas turbine engine 100. For
example, the housing 12 may be mounted to the engine 100 aft of the compressor section 104
and forward the turbine section 108.
[0030] Figure 4 is an enlarged side perspective view of the oil control module 10 of
Figure 3 shown without certain external lubricating components for clarity. As explained
above, numerous components (not shown) may bolt onto the housing 12, typically onto the
exterior of the housing 12 thereby making access and maintenance easier, while the oil
circuits may be located within (inside) the housing 12. Flectrical interfaces 110 and
plumbing interfaces 112 may extend from the housing 12.
[0031] In another aspect of the disclosure a method of installing lubricating system
components for a gas turbine engine 100 is provided, the method comprising the steps of:
providing an oil control module 10, 40 comprising a housing 12, one or more oil
processing components hard mounted to an exterior of the housing 12, and one or more plug-

like devices defining orifices located within the housing 12; and
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mounting the oil control module 10 to the engine 100, preferably aft of the
compressor section 104 and forward the turbine section 108.
[0032] While the present disclosure has been shown and described in terms of one or
more exemplary embodiments, it will be understood by one skilled in the art that various
changes in detail may be effected therein without departing from the spirit and scope of the
disclosure as defined by claims that may be supported by the written description and
drawings. Further, where these exemplary embodiments (and other related derivations) are
described with reference to a certain number of elements it will be understood that other
exemplary embodiments may be practiced utilizing either less than or more than the certain

number of elements.
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What is claimed is:
1. An oil control module comprising:

a housing;

one or more oil processing components hard mounted to the housing, the housing
having an exterior and defining an interior;

a lube filter located within the housing interior; and

one or more plug-like devices defining orifices located within the housing interior and

configured to passively regulate a flow of oil in circuits located within the oil control module.

2. The oil control module of claim 1 wherein the one or more oil processing components
includes:

a variable oil reduction valve/shuttle valve;

a main oil pressure sensor;

a main oil temperature sensor;

a main oil filter delta pressure sensor; and

an oil debris monitor.

3. The oil control module of claim 2 wherein the one or more oil processing components

are hard mounted to the exterior of the housing.

4. The oil control module of claim 3 wherein the one or more plug-like devices includes:
a cool oil orifice;
a knock down orifice; and

a lube trim orifice.

5. The oil control module of claim 4 wherein the one or more plug-like devices are

configured such that they can be changed out.
6. The oil control module of claim 5 further comprising:
a lube filter located within the housing interior, the housing configured such that the

lube filter can be easily changed out.

7. The oil control module of claim 6 further comprising:
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a plurality of oil tubes running into and out of the housing for accommodating fluid

flow.
8. The oil control module of claim 7 wherein the plurality of oil tubes includes:
a plurality of lube in lines; and
a plurality of lube out lines.
0. The oil control module of claim 8 further comprising:
an active oil damper valve located in fluid communication with one of the lube out
lines.
10. The oil control module of claim 9 wherein:
the active oil damper valve is hard mounted to the outside of the housing.
11. The oil control module of claim 10 further comprising:

a vent line running from the variable oil reduction valve/shuttle valve and tied into the

active oil damper valve.

12. An oil control module comprising:

a housing on which are mounted multiple lubricating components, the housing
defining an interior; and

one or more internally manifolded systems that permit a functional interconnection

between two or more of the lubricating components.

13. The oil control module of claim 12 wherein the multiple lubricating components
comprise:

a variable oil reduction valve/shuttle valve;

a main oil pressure sensor;

a main oil temperature sensor;

a main oil filter delta pressure sensor; and

an oil debris monitor.

10
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14. The oil control module of claim 13 wherein the multiple lubricating components
further comprise:

a lube filter located within the housing interior.

15. The oil control module of claim 14 wherein the multiple lubricating components
further comprise:

an active oil damper valve;

a cool oil orifice;

a knock down orifice; and

a lube trim orifice.

16. The oil control module of claim 14 further comprising:

electrical interfaces and plumbing interfaces extending from the housing.

17. The oil control module of claim 16 wherein:
the housing is configured to mount to a gas turbine engine in a location close to and

exterior of the gas turbine engine.

18. The oil control module of claim 17 wherein:

the gas turbine engine comprises a fan section, a compressor section, a combustor
section and a turbine section; and

the housing is configured to mount aft of the compressor section and forward the

turbine section.

19. A method of installing lubricating system components for a gas turbine engine, the
method comprising the steps of:

providing an oil control module comprising a housing, one or more oil processing
components hard mounted to an exterior of the housing, and one or more plug-like devices
defining oil flow control orifices located within the housing; and

mounting the oil control module to the gas turbine engine.

20. The method of claim 19 wherein:

11
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the gas turbine engine comprises a fan section, a compressor section, a combustor
section and a turbine section; and
the mounting step includes mounting the oil control module to the gas turbine engine

aft of the compressor section and forward the turbine section.

12
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