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WRENCHING MECHANISM

Applicant hereby claims priority to U.S. Patent Application No. 13/630,015 filed

September 28, 2012, the disclosure of which is herein incorporated by reference.
BACKGROUND

[0001] The present disclosure relates to a wrenching mechanism and, more
particularly, to a floating fastener assembly.

[0002] In gas turbine engines and other complex structures, lack of access may
require a wrenching mechanism to facilitate blind assembly. Moreover, due to cumulative
tolerances, the fasteners must float to meet the position of each bolt upon passing through the

assembly. Typically, such a need is fulfilled in current / legacy engine designs by a nut plate

SUMMARY

[0003] A wrenching mechanism according to one disclosed non-limiting embodiment
of the present disclosure includes a housing with a multiple of rectilinear openings, a multiple of
rectilinear fastener plates each with a nut-shaped opening, each of said multiple of rectilinear
fastener plates located within one of said multiple of rectilinear openings and a fast¢ner mounted
at least partially through said nut-shaped opening. of each of sa1d multiplé o:f rectilinear fastener
plates.

[0004] In a further embodiment of the foregoing embodiment, the fastener is a nut.
In the alternative or additionally thereto, in the foregoing embodiment the fastener is a twelve
point fastener.

[0005] In a further embodiment of any of the foregoing embodiments, each of the

multiple of rectilinear fastener plates includes a radiused comer.
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[0006] In a further embodiment of any of the foregoing embodiments, each of the
multiple of rectilinear fastener plates floats within a respective one of said multiple of rectilinear
openings.

[0007] In a further embodiment of any of the foregoing embodiments, the wrenching
mechanism includes a first face sheet and a second face sheet mounted to the housing to trap
each of said multiple of rectilinear fastener plates therebetween. In the alternative or additionally
thereto, the foregoing embodiment includes a multiple of housing lightening openings through
said housing and a multiple of first sheet lightening openings through said first face sheet, the
multiple of housing ligtening openings aligned with said multiple of first sheet lightening
openings. In the alternative or additionally thereto, in the foregoing embodiment the second face
sheet receives a rivet accessible through at least one of said multiple of housing lightening
openings and a respective one of said multiple of first sheet lightening openings.

[0008] A case assembly for a gas turbine engine according to another disclosed non-
limiting embodiment of the present disclosure includes a case, a housing with a multiple of
rectilinear openings and a multiple of housing lightening openings, a multiple of rectilinear
fastener plates each with a nut-shaped opening, each of said multiple of rectilinear fastener plates
located within one of said multiple of rectilinear openings, a multiple of fasteners each mounted
at least partially through said nut-shaped opening of one of said multiple of rectilinear fastener
plates, a first face sheet mounted to said housing, said first face sheet includes a multiple of first
face sheet fastener openings, a second face sheet includes a multiple of second face sheet
lightening openings and a multiple of second face sheet fastener openings, said multiple of
housing lightening openings aligned with said multiple of second face sheet lightening openings,

said second face sheet mounted to said housing to trap one of said multiple of rectilinear fastener
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plates and one of said multiple of fasteners within each of said multiple of rectilinear openings
between said first face sheet and said second face sheet; and a rivet which mounts said first face
sheet to said case, said rivet positioned in at least one of said multiple of housing lightening
openings and a respective one of said multiple of second face sheet lightening openings.

[0009] In a further embodiment of the foregoing embodiment, the fastener is a nut.
In the alternative or additionally thereto, in the foregoing embodiment the fastener is a twelve
point fastener.

[0010] In a further embodiment of any of the foregoing embodiments, the case is a
fan intermediate case.

[0011] In a further embodiment of any of the foregoing embodiments, each of the
multiple of rectilinear fastener plates floats within a respective one of the multiple of rectilinear
openings.

[0012] A method of assembling a case of a gas turbine engine, according to another
disclosed non-limiting embodiment of the present disclosure includes drilling a rivet hole
through a case and a face sheet mounted to a housing and to the case, the rivet hole aligned with
at least one of a multiple of housing lightening openings.

[0013] In a further embodiment of the foregoing embodiment, the method includes
positioning a wrenching mechanism with respect to a case with a temporary fastener.

[0014] In a further embodiment of any of the foregoing embodiments, the method
includes riveting the wrenching mechanism to the case.

[0015] In a further embodiment of any of the foregoing embodiments, the method
includes attaching a structure to the case with a fastener mounted to a nut at least partially

contained within the housing. In the alternative or additionally thereto, the foregoing
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embodiment includes threading the fastener into the nut and restraining the nut by a rectilinear
fastener plate engaged with the nut and a rectilinear opening in the housing. In the alternative or
additionally thereto, the foregoing embodiment includes trapping the rectilinear fastener plate
and the nut within the rectilinear opening in the housing with the face sheet.

[0016] In a further embodiment of any of the foregoing embodiments, the method
includes locating at least one of the multiple of housing lightening openings adjacent to the

rectilinear opening in the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Various features 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 follows:

[0018] Figure 1 is a schematic cross-section of a gas turbine engine;

[0019] Figure 2 is an enlarged schematic cross-section of the gas turbine engine
showing the Fan Intermediate Case;

[0020] Figure 3 is an enlarged perspective view of the Fan Intermediate Case;

[0021] Figure 4 is an exploded view of a wrenching mechanism according to one
disclosed-non-limiting embodiment;

[0022] Figure 5 is a perspective view of the wrenching mechanism;

[0023] Figure 6 is a sectional view of the wrenching mechanism taken along line 6-6
in Figure 5;

[0024] Figure 7 is an inner view of a single fastener mounted within the wrenching

mechanism in an unwrenched position;
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[0025] Figure 8 is an inner view of the single fastener of Figure 7 in a wrenched
position; and
[0026] Figure 9 is a block diagram illustrating the steps of a method of attaching the

wrenching mechanism to a case of a gas turbine engine.

DETAILED DESCRIPTION

[0027] Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine
engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section 22,
a compressor section 24, a combustor section 26 and a turbine section 28. Alternative engines
might include an augmentor section (not shown) among other systems or features. The fan
section 22 drives air along a bypass flowpath while the compressor section 24 drives air along a
core flowpath for compression and communication into the combustor section 26 then expansion
through the turbine section 28. 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 such as a three-spool (plus fan) engine wherein an intermediate spool includes an
intermediate pressure compressor (IPC) between the LPC and HPC and an intermediate pressure
turbine (IPT) between the HPT and LPT.

[0028] The engine 20 generally includes a low spool 30 and a high spool 32 mounted
for rotation about an engine central longitudinal axis A relative to an engine static structure 36
via several bearing structures 38. The low spool 30 generally includes an inner shaft 40 that
interconnects a fan 42, a low pressure compressor 44 (“LPC”) and a low pressure turbine 46

(“LPT”). The inner shaft 40 drives the fan 42 through a geared architecture 48 to drive the fan
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42 at a lower speed than the low spool 30. An exemplary reduction transmission is an epicyclic
transmission, namely a planetary or star gear system.

[0029] The high spool 32 includes an outer shaft 50 that interconnects a high pressure
compressor 52 (“HPC”) and high pressure turbine 54 (“HPT”). A combustor 56 is arranged
between the high pressure compressor 52 and the high pressure turbine 54. The inner shaft 40
and the outer shaft 50 are concentric and rotate about the engine central longitudinal axis A
which is collinear with their longitudinal axes.

[0030] Core airflow is compressed by the low pressure compressor 44 then the high
pressure compressor 52, mixed with the fuel and burned in the combustor 56, then expanded
over the high pressure turbine 54 and low pressure turbine 46. The turbines 54, 46 rotationally
drive the respective low spool 30 and high spool 32 in response to the expansion.

[0031] The main engine shafts 40; 50 are supported at a plurality of points by bearing
structures 38 within the static structure 36. In one non-limiting embodiment, bearing structures
38 includes a # 1 bearing structure 38-1 located radially inboard of the fan section 22.

[0032] In one non-limiting example, the gas turbine engine 20 is a high-bypass
geared aircraft engine. In a further example, the gas turbine engine 20 bypass ratio is greater
than about six (6:1). The geared architecture 48 can include an epicyclic gear train, such as a
planetary gear system or other gear system. The example epicyclic gear train has a gear
reduction ratio of greater than about 2.3, and in another example is greater than about 2.5:1. The
geared turbofan enables operation of the low spool 30 at higher speeds which can increase the
operational efficiency of the low pressure compressor 44 and low pressure turbine 46 and render

increased pressure in a fewer number of stages.
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[0033] A pressure ratio associated with the low pressure turbine 46 is pressure
measured prior to the inlet of the low pressure turbine 46 as related to the pressure at the outlet of
the low pressure turbine 46 prior to an exhaust nozzle of the gas turbine engine 20. In one non-
limiting embodiment, the bypass ratio of the gas turbine engine 20 is greater than about ten
(10:1), the fan diameter is significantly larger than that of the low pressure compressor 44, and
the low pressure turbine 46 has a pressure ratio that is greater than about 5 (5:1). It should be
understood, however, that the above parameters are only exemplary of one embodiment of a
geared architecture engine and that the present disclosure is applicable to other gas turbine
engines including direct drive turbofans.

[0034] In one embodiment, a significant amount of thrust is provided by the bypass
flow path B due to the high bypass ratio. The fan section 22 of the gas turbine engine 20 is
designed for a particular flight condition - typically cruise at about 0.8 Mach and about 35,000
feet. This flight condition, with the gas turbine engine 20 at its best fuel consumption, is also
known as bucket cruise. Thrust Specific Fuel Consumption (TSFC). TSFC is an industry
standard parame;ter of fuel consumption per unit of thrust.

{0035] Fan Pressure Ratio is the pressure ratio across a blade of the fan section 22
without the use of a Fan Exit Guide Vane system. The low Fan Pressure Ratio according to one
non-limiting embodiment of the example gas turbine engine 20 is less than 1.45. Low Corrected
Fan Tip Speed is the actual fan tip speed divided by an industry standard temperature correction
of “T” / 518.7°° in which “T” represents the ambient temperature in degrees Rankine. The Low
Corrected Fan Tip Speed according to one non-limiting embodiment of the example gas turbine

engine 20 is less than about 1150 fps (351 m/s).



10

15

20

WO 2014/052765 PCT/US2013/062197

[0036] The engine static structure 36 proximate the compressor section 24 generally
includes a Fan Intermediate Case (FIC) 60 — also often referred to as a Front Center Body (FCB)
— which interconnects a core case structure 62 with a fan case structure 64 through a multiple of
Structural Guide Vanes (SGVs) 66 (Figure 1). It should be appreciated that various case
structures may alternatively or additionally be provided, yet benefit from the architecture
described herein.

[0037] With reference to Figure 2, the Fan Intermediate Case 60 (also shown in
Figure 3) generally includes an annular core flow path 60A for the core airflow into the low
pressure compressor 44 and an annular bypass flow path from the fan 42. The FIC 60 also
supports the SGVs 66 at a maintainability interface 68 with a flange 70 and a wrenching
mechanism 72. The maintainability interface 68 facilitates on-wing removal of the fan 42 and
the geared architecture 48 via externally accessible, radial oriented fasteners 74 which engage the
wrenching mechanism 72 at a blind interface without wrench access. While applied to an
aerospace assembly in the disclosed, non-limiting embodiment, the wrenching mechanism 72
may be used in any assembly application where blind assembly may be required, space may be
limited, and where a standard nut plate may not be readily available.

[0038] With reference to Figure 4, the wrenching mechanism 72 generally includes a
housing 80 with a multiple of rectilinear openings 82, a multiple of rectilinear fastener plates 84
each with a nut-shaped opening 86, a multiple of nuts 88, and a first and second face sheet 90,
92. The wrenching mechanism 72 serves as a floating wrenching mechanism for standard nuts 88
such as the twelve (12) point double hex nut pattern, can be scaled to different sizes or patterns

(hex, square, etc.) based on the need.
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[0039] The multiple of rectilinear openings 82 within the housing 80 and the multiple
of openings 94, 96 within the respective first and second face sheet 90, 92 may be manufactured
from readily available sheet metal materials via laser cut flat patterns but readily applicable to
stamping, water jetting, or similar processes for mass production. The first and second face sheet
90, 92 and the housing 80 may define an arcuate or other shape to conform to each other as well
as a component to which they are mounted such as the FIC 60 (Figure 5). The housing 80 may
additionally include a multiple of housing lightening openings 98 and/or may be manufactured of
relatively lightweight materials such as aluminum alloys and composites. Moreover, the first
and second face sheet 90, 92 and the housing 80 may be manufactured of composite materials
and bonded together.

[0040] The first and second face sheet 90, 92 include a respective multiple of first
and second face sheet fastener openings 90A, 92A. The second face sheet 92 also includes a
multiple of second face sheet lightening openings 92B that are aligned with the multiple of
housing lightening openings 98. The multiple of second face sheét lightening openings 92B and
the multiple of housing lightening openings 98 may be rectilinear and/or of other shapes.

[0041] The first and second face sheet 90, 92 trap one of the rectilinear fastener plates
84 and one nuts 88 within each of the respective multiple of rectilinear openings 82 (Figure 6).
Each of the rectilinear fastener plates 84 may include radiused corners 84A to facilitate
movement of the rectilinear fastener plates 84 within the respective multiple of rectilinear
openings 82 as well as minimize the likelihood of the rectilinear fastener plates 84 from
“digging-in” to the housing 80. The wrenching mechanism 72 operates as a nut plate which

utilizes readily available loose nut fasteners - such as the ST2785 class - without the potential
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lead times associated with relatively specialized nut plate fastener production or uncommon
materials.

[0042] With reférence to Figure 5, the first and second face sheet 90, 92 are mounted
to the housing 80 via rivets 100 in the disclosed non-limiting embodiment. The rivets 100 are
counter sunk into the second face sheet 92 to facilitate flush attachment of the wrenching
mechanism 72 to the FIC the (illustrated schematically in Figure 5). Additionally, or in the
alternatively, the first and second face sheet 90, 92 may be welded, pined or otherwise mounted
to the housing 80.

[0043] In operation, the rectilinear fastener plates 84 float within the rectilinear
openings 82 of the housing 80 (Figure 7) between the first and second face sheet 90, 92 to
accommodate tolerances between, for example, the geared architecture 48 and the FIC 60 with
fasteners 74. When each of the fasteners 74 are threaded into one of the respective nuts 88 of the
wrenching mechanism 72, the rectilinear fastener plates 84 are rotated into engagement with the
rectilinear openings 82 to provide a wrenching principle for blind assembly (Figure 8). That is,
the rectilinear openings 82 stop rotation of the rectilinear fastener plates 84 which stop rotation
of the nuts 88 which closely fit within the nut-shaped opening 86 of the rectilinear fastener plates
84. It should be understood that the nut-shaped opening 86 may be scaled for different sized nut
diameters and different wrenching patterns, e.g., 12-point, hexagonal, square, etc.

[0044] With Reference to Figure 9, a method of assembling an engine case such as
the FIC 60 is disclosed in terms of functional block diagrams. Initially, the wrenching
mechanism 72 is mouthed with respect to the FIC 60 with temporary fasteners such as plastic
bolts to properly position the wrenching mechanism 72 to the case (Step 100). It should be

understood that various numbers of temporary fasteners may be utilized to assure a desired

-10-
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positional tolerance. A rivet hole is then drilled through the FIC 60 and the wrenching
mechanism 72 in a position to locate the rivet hole in alignment with at least one of the multiple
of housing lightening openings 98 and one of the second face sheet lightening openings 92B
(step 110). The wrenching mechanism 72 is then riveted to the FIC 60 (step 120). A structure
may then be attached to the FIC 60 with fasteners 74 that engage the wrenching mechanism 72
(step 130).

[0045] It should be understood that like reference numerals identify corresponding or
similar elements throughout the several drawings. It should also be understoodvtvhat although a
particular component arrangement is disclosed in the illustrated embodiment, other arrangements
will benefit herefrom.

[0046] Although the different examples have specific components shown in the
illustrations, embodiments of this invention are not limited to those particular combinations. 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.

[0047] The foregoing description is exemplary rather than defined by the limitations
within. Various non-limiting embodiments are disclosed herein, however, one of ordinary skill
in the art would recognize that various modifications and variations in light of the above
teachings will fall within the scope of the appended claims. It is therefore to be understood that
within the scope of the appended claims, the invention may be practiced other than as
specifically described. For that reason the appended claims should be studied to determine true

scope and content.

-11-
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CLAIMS

What is claimed:

1. A wrenching mechanism comprising:

a housing with a multiple of rectilinear openings;

a multiple of rectilinear fastener plates each with a nut-shaped opening, each of said
multiple of rectilinear fastener plates located within one of said multiple of
rectilinear openings; and

a fastener mounted at least partially through said nut-shaped opening of each of said

multiple of rectilinear fastener plates.

2. The wrenching mechanism as recited in claim 1, wherein said fastener is a nut.

3. The wrenching mechanism as recited in claim 2, wherein said fastener is a twelve

point fastener.

4. The wrenching mechanism as recited in claim 1, wherein each of said multiple of

rectilinear fastener plates includes a radiused corner.

5. The wrenching mechanism as recited in claim 1, wherein each of said multiple of

rectilinear fastener plates floats within a respective one of said multiple of rectilinear openings.

-12-
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6. The wrenching mechanism as recited in claim 1, further comprising a first face
sheet and a second face sheet mounted to said housing to trap each of said multiple of rectilinear

fastener plates therebetween.

7. The wrenching mechanism as recited in claim 5, further comprising a multiple of
housing ligtening openings through said housing and a multiple of first sheet lightening openings
through said first face sheet, said multiple of housing ligtening openings aligned with said

multiple of first sheet lightening openings.

8. The wrenching mechanism as recited in claim 6, wherein said second face sheet
receives a rivet accesible through at least one of said multiple of housing ligtening openings and

a respective one of said multiple of first sheet lightening openings.

9. A case assembly for a gas turbine engine comprising:

a case;

a housing with a multiple of rectilinear openings and a multiple of housing lightening
openings;

a multiple of rectilinear fastener plates each with a nut-shaped opening, each of said
multiple of rectilinear fastener plates located within one of said multiple of
rectilinear openings;

a multiple of fasteners each mounted at least partially through said nut-shaped opening of

on of said multiple of rectilinear fastener plates;

-13-
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a first face sheet mounted to said housing, said first face sheet inlcudes a multiple of first

face sheet fastener openings;
a second face sheet includes a multiple of second face sheet lightening openings and a
multiple of second face sheet fastener openings, said multiple of housing
5 lightening openings aligned with said multiple of second face sheet lightening
openings, said second face sheet mounted to said housing to trap one of said
multiple of rectilinear fastener plates and one of said multiple of fasteners within
each of said multiple of rectilinear openings between said first face sheet and said

second face sheet; and

10 a rivet which mounts said first face sheet to said case, said rivet positioned in at least one
of said multiple of housing lightening openings and a respective one of said

multiple of second face sheet lightening openings.

10.  The case assembly as recited in claim 9, wherein said fastener is a nut.
15
11.  The case assembly as recited in claim 10, wherein said fastener is a twelve point
fastener.
12.  The case assembly as recited in claim 9, wherein said case is a fan intermediate
20  case.
13.  The case assembly as recited in claim 9, wherein each of said multiple of

rectilinear fastener plates floats within a respective one of said multiple of rectilinear openings.

-14-
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14. A method of assembling a case of a gas turbine engine comprising:
drilling a rivet hole through a case and a face sheet mounted to a housing and to the case,
the rivet hole aligned with at least one of a multiple of housing lightening

openings.

15.  The method as recited in claim 14, further comprising:

positioning a wrenching mechanism with respect to a case with a temporary fastener.

16.  The method as recited in claim 14, further comprising:

riveting the wrenching mechanism to the case.

17.  The method as recited in claim 14, further comprising:
attaching a structure to the case with a fastener mounted to a nut at least partially

contained within the housing.

18.  The method as recited in claim 17, further comprising:

threading the fastener into the nut; and

restraining the nut by a rectilinear fastener plate engaged with the nut and a rectilinear

opening in the housing.

19.  The method as recited in claim 18, further comprising:

-15-
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trapping the rectilinear fastener plate and the nut within the rectilinear opening in the

housing with the face sheet.

20.  The method as recited in claim 14, further comprising:

locating at least one of the multiple of housing lightening openings adjacent to the

rectilinear opening in the housing.
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