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BLADE GEOMETRY CHARACTERIZATION TOOL

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to a blade geometry
characterization tool and, more particularly, to a tool for airfoil blade geometry
characterization that permits quantification of blade geometry during manufacture or repair
processes.

[0002] Blades used with aircrafts, for example, are generally provided with
adjustment features such as trim tabs and weight pockets. These features serve to compensate
for manufacturing variations and to achieve interchangeability of one blade with another.
However, since the adjustments associated with these features are generally accomplished by
flight testing of a blade following manufacture or repair on a whirl tower or an aircraft, the
adjustments are referred to as “late process” adjustments and can be expensive in terms of
lost flight time.

[0003] Since the geometry of each blade affects the aerodynamic properties of each
blade, blade geometry may be a significant factor in determining how a blade will perform in
flight. Thus, if blade geometry could be quantified during “early process” manufacturing or
repair processes, its whirl performance may be predicted. This type of information could be
beneficial for planning purposes and may decrease the need for relatively expensive “late

process” adjustments.

BRIEF DESCRIPTION OF THE INVENTION

[0004] According to one aspect of the invention, a tool is provided for characterizing
a blade geometry. The tool includes a first component attachable to a blade root of a blade
and a second component attachable to leading and trailing edges of the blade at a blade tip
and at multiple stations defined along a span-wise dimension of the blade. The second
component is configured for characterization of a chord length of the blade at the blade tip
and at the multiple stations. The first and second components are respectively configured for
cooperative optical characterization of a sweep and a twist angle of the blade at the blade tip
and at the multiple stations.

[0005] In accordance with additional or alternative embodiments, the first component
includes an optical element.

[0006] In accordance with additional or alternative embodiments, the optical element

includes at least one of a laser or a sight.
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[0007] In accordance with additional or alternative embodiments, the second
component includes a scale toward which the optical element is aimed for sweep
characterization at the blade tip and at the multiple stations.

[0008] In accordance with additional or alternative embodiments, the first component
includes a first planar surface defining a plane to establish a twist reference angle.

[0009] In accordance with additional or alternative embodiments, the plane is
substantially parallel with a chord of the blade.

[0010] In accordance with additional or alternative embodiments, the second
component includes a second planar surface which is comparable with the first planar surface
for twist angle characterization at the blade tip and at the multiple stations.

[0011] In accordance with additional or alternative embodiments, the second
component includes a measuring device for chord length characterization at the blade tip and
at the multiple stations.

[0012] In accordance with additional or alternative embodiments, the measuring
device includes a gage indicator.

[0013] In accordance with additional or alternative embodiments, the second
component includes a plurality of locating features configured to constrain an orientation of
the second component relative to the blade.

[0014] According to another aspect of the invention, a method of characterizing a
geometry of a blade is provided. The method includes attaching a first component to a blade
root of the blade, attaching a second component to leading and trailing edges of the blade at a
blade tip and at multiple stations defined along a span-wise dimension of the blade, operating
the second component to characterize a chord length of the blade at the blade tip and at the
multiple stations and cooperatively operating the first and second components to characterize
a sweep and a twist angle of the blade at the blade tip and at the multiple stations.

[0015] In accordance with additional or alternative embodiments, the cooperative
operating of the first and second components includes aiming an optical element of the first
component at a scale of the second component for sweep characterization at the blade tip and
at the multiple stations.

[0016] In accordance with additional or alternative embodiments, the cooperative
operating of the first and second components includes comparing first and second planar
surfaces of the first and second components for twist angle characterization at the blade tip

and at the multiple stations.
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[0017] In accordance with additional or alternative embodiments, the operating of the
second component includes operating a measuring device for chord length characterization at
the blade tip and at the multiple stations.

[0018] In accordance with additional or alternative embodiments, the method further
includes disposing a plurality of locating features on the second component to constrain an
orientation of the second component relative to the blade.

[0019] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0021] FIG. 1 is a schematic diagram of aircraft components in accordance with
embodiments;

[0022] FIG. 2 is a perspective view of an aircraft blade and components of a blade
geometry characterization tool in accordance with embodiments;

[0023] FIG. 3 is a perspective view of a first one of the components of FIG. 2 in
accordance with embodiments;

[0024] FIG. 4 is an elevation view of the first one of the components of FIG. 2 in
accordance with embodiments;

[0025] FIG. 5 is a perspective view of a second one of the components of FIG. 2 in
accordance with embodiments;

[0026] FIG. 6 is a plan view of the second one of the components of FIG. 2 in
accordance with embodiments;

[0027] FIG. 7 is an elevation view of the second one of the components of FIG. 2 in
accordance with embodiments;

[0028] FIG. 8 is a schematic illustration of a sweep characterization operation;

[0029] FIG. 9 is a schematic illustration of a chord length characterization operation;
and

[0030] FIG. 10 is a schematic illustration of a twist angle characterization operation.

[0031] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.
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DETAILED DESCRIPTION OF THE INVENTION

[0032] As will be described below, a tool set is provided to characterize blade
geometry of a blade by measuring sweep, twist and chord length at various desired blade
stations. The blade could be used, for example, on a helicopter, a rotorcraft or other types of
aircrafts. The tool set includes two components. One is attached to a blade root end, and is
located and oriented with blade-to-hub attachment features. This component houses an
optical device that "shoots" down the blade feathering axis and provides a planar surface to
be used for establishing a blade twist reference angle. Typically, the blade twist reference
plane will be parallel to the blade chord. The second component is attached to the blade tip
end or to any blade station where blade geometry characterization is desired. The second
component is located and oriented on the blade by interfacing with the blade leading and
trailing edges. This second component provides a scale on which the shots from the optical
device strike to quantify blade sweep and also provides a planar surface to be used for
establishing blade twist angle at the local blade station. Typically, the local blade twist plane
will also be parallel to the blade feathering axis and the local blade chord line as established
by the leading and trailing edges at the local blade station. This second component also
incorporates a dial indicator gage or equivalent feature, which is configured to contact the
blade leading edge in such a way that it quantifies blade chord length at the local blade
station.

[0033] As will be explained below, the quantification of blade sweep, blade twist
angle and blade chord length can all be accomplished in a single set up of the two component
tool set. This may lead to simplified manufacturing and repair processes and may also permit
blade characteristic quantification in the field at reduced cost.

[0034] Although prior devices, such as the device disclosed in U.S. Patent No.
8,196,305, have been used to measure turbine blade geometry, turbine blades are typically
much smaller in scale than aircraft blades, such as helicopter blades, and have features and
characteristics that differ substantially from aircraft blades. As such, while the tool set
described herein provides for sweep, chord length and twist measurements of aircraft blades
(e.g., helicopter or other rotorcraft blades), the prior devices do not have similar capabilities.

[0035] With reference to FIGS. 1 and 2, an aircraft, such as a helicopter or rotorcraft
of any type, typically includes an airframe formed to define a cabin that accommodates a
pilot and, in some cases, one or more crewmen and passengers, one or more main rotors
provided at an upper portion of the airframe and a tail rotor or propeller provided at a tail

portion of the airframe. The aircraft further includes an engine and a transmission system.
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The engine generates torque and the transmission system transmits the torque from the engine
to the one or more main rotors and the tail rotor or propeller. This torque drives rotations of
the one or more main rotors and the tail rotor or propeller relative to the airframe for flight
control of the aircraft.

[0036] Each of the one or more main rotors and the tail rotor or propeller includes a
rotor shaft 1 coupled to the engine via the transmission, a hub 2 connected to an end of the
rotor shaft 1 and aircraft or rotor blades 3. The rotor blades 3 extend radially outwardly from
the hub 2 and each includes an airfoil-shaped main blade portion 4, a blade tip 5 and a blade
root 6. The main blade portion 4 has an upper, suction surface 41 and a lower, pressure
surface 42 opposite the upper, suction surface 41 as well as a leading edge 43 and a trailing
edge 44 opposite the leading edge 43. The blade tip 5 may be airfoil-shaped like the main
blade portion 4 and is disposed at a distal (or radially outward) end of the main blade portion
4. The blade root 6 includes various features and components configured to connect the
corresponding rotor blade to the hub 2.

[0037] As shown in FIG. 2, a tool 10 is provided for characterizing a geometry of the
rotor blade 3. The tool 10 includes a first component 20, which is attachable to the blade root
6, and a second component 30, which is attachable to the leading and trailing edges 43 and 44
of the rotor blade 3 at the blade tip 5 and at multiple stations 5(;_3y defined along a span-wise
dimension D of the rotor blade 3. The second component 30 is configured such that the
second component 30 can be used to characterize a chord length of the rotor blade 3 at the
blade tip 5 and at the multiple stations 5;.3). The first and second components 20 and 30 are
respectively configured such that they can be used to cooperatively and optically characterize
a sweep and a twist angle of the rotor blade 3 at the blade tip 5 and at the multiple stations 5(;-
3). Although the multiple stations 5(;.3), are illustrated in FIG. 2 as being defined at particular
span-wise locations, it is to be understood that these locations are merely exemplary and that
the multiple stations 5,3y can be defined at various other locations and that there may be
more or less than three defined stations.

[0038] With reference to FIGS. 2, 3 and 4, the first component 20 may include a body
21 that is securely attachable to the blade root 6, attachment elements 22, a first planar
surface 23 and an optical element 24. The body 21 may be provided as a substantially rigid
feature that is mobile and that may be movable by a human operator. The body 21 is
disposable on a yoke element 60 of the blade root 6, which is generally disposed inboard
from a stem element 61. The body 21 is formed to define through-holes proximate to

attachment features of the yoke element 60. The attachment elements 22 are extendable
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through the through-holes whereby the attachment elements 22 can be selectively registered
with the attachment features. In accordance with embodiments, the attachment elements 22
may include expanding pins 220.

[0039] The first planar surface 23 may be formed or provided as an exterior surface of
the body 21 that can be viewable in concert with a corresponding second planar surface 36 of
the second component 30 (to be described below). The first planar surface 23 is formed to
define a first plane P1 by which a twist reference angle of the rotor blade 3 may be
established. The first plane P1 may be substantially parallel with a chord of the rotor blade 3.
The optical element 24 may include at least one of a laser 240 and/or an optical sight that
is/are supported on the body 21 by a podium 25. The podium 25 may be adjustable for
calibration purposes.

[0040] With reference to FIGS. 2 and 5-7, the second component 30 includes an
elongate body 31 having a first end 310, a second end 311 and a central section 312
interposed between the first and second ends 310 and 311. The second component 30 may be
disposed such that the first end 310 corresponds to the leading edge 43 of the rotor blade 3
and the second end 311 corresponds with the trailing edge 44. The second component 30
further includes a pressure element 32 at the first end 310 and a hook element 33 at the
second end 311.

[0041] The pressure element 32 may be provided as a flange 320 traversing the
leading edge 43, a pressurizing element 321 that is movable relative to the flange 320 and a
spring loaded adjustment element 322, which is operable by a human operator to move the
pressurizing element 321 relative to the flange 320. In accordance with embodiments, the
hook element 33 may be configured to hook onto the trailing edge 44 and the pressurizing
element 321 may be provided with a surface that mimics the surface of the rotor blade 3
around the leading edge 43 such that the pressurizing element 321 is configured to hook onto
the leading edge 43. With these features, the human operator can manipulate the adjustment
element 322 to tighten and secure the rotor blade 3 between the hook element 33 and the
pressurizing element 321.

[0042] The second component 30 may further include a plurality of locating features
34, a scale 35, the second planar surface 36 and a measuring device 37. The locating features
34 may be disposed along the elongate body 31 and/or at one or both of the first and second
ends 310 and 311. The locating features 34 are configured to constrain an orientation of the
second component 30 and the elongate body 31 relative to the rotor blade 3 and may include,

for example, a boss 340 at the second end 311 and an elongate boss 341 extending in the
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span-wise dimension D away from the central section 312 to be in some cases disposable
coincident with tip cap attachment holes.

[0043] In accordance with alternative embodiments, the boss 340 may tend to resist
biases applied by the pressure element 32 and the hook element 33. In such cases, the boss
340 may be relocated such that there would be a gap or interference element at the location of
the boss 340 in FIG. 7. Such relocation would result in the boss 340 being rigged such that
the boss 340 is not in line with or not in the same station as the pressure element 32 and the
hook element 33 to thereby provides lateral stability and to constrain an orientation of the
second component 30.

[0044] The scale 35 may be provided on a surface of the elongate body 31 to face
toward the optical element 24 of the first component 20. The scale 35 may be provided as a
ruler toward which the optical element 24 is aimed and by which a distance between a
baseline 241 and a point where the emissions 242 of the laser 240 are incident on the scale 35
can be ascertained during sweep characterization operations at the blade tip 5 and at the
multiple stations 5(;3). The second planar surface 36 may be formed as an upper surface of
the elongate body 31 to define a second plane P2 and is viewable in concert with the first
planar surface 23. The orientation of the second planar surface 36 is thus comparable with
that of the first planar surface 23 for twist angle characterization operations at the blade tip 5
and at the multiple stations 5(;.3). The measuring device 37 may include, for example, a gage
indicator 370 or a slidable caliper and is disposable at the first end 310 for chord length
characterization operations at the blade tip 5 and at the multiple stations 5(;_3.

[0045] With reference to FIGS. 8-10, the sweep characterization, chord length
characterization and twist angle characterization operations will now be described. As shown
in FIG. 8, a sweep of the rotor blade 3 at a given span-wise position of the second component
30 along the rotor blade 3 may be ascertained by measuring the distance between the baseline
241 and the point where the emissions 242 of the laser 240 are incident on the scale 35. As
shown in FIG. 9, a chord length of the rotor blade 3 at a given span-wise position of the
second component 30 may be ascertained by measuring relative positions of the adjustment
element 322 and the flange 320. As shown in FIG. 10, a twist angle of the rotor blade 3 at a
given span-wise position of the second component 30 may be ascertained by comparing the
first and second planes P1 and P2 of the first and second planar surfaces 23 and 36 and by
determining from that comparison the angle apparently formed by the optical intersection of

the first and second planar surfaces 23 and 36.
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[0046] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:
What is claimed is:

1. A tool for characterizing a blade geometry, the tool comprising:

a first component attachable to a blade root of a blade; and

a second component attachable to leading and trailing edges of the blade at a blade tip
and at multiple stations defined along a span-wise dimension of the blade,

the second component being configured for characterization of a chord length of the
blade at the blade tip and at the multiple stations, and

the first and second components being respectively configured for cooperative optical
characterization of a sweep and a twist angle of the blade at the blade tip and at the multiple
stations.

2. The tool according to claim 1, wherein the first component comprises an optical
element.

3. The tool according to claim 2, wherein the optical element comprises at least one
of a laser and a sight.

4. The tool according to claim 2, wherein the second component comprises a scale
toward which the optical element is aimed for sweep characterization at the blade tip and at
the multiple stations.

5. The tool according to any of claims 1-4, wherein the first component comprises a
first planar surface defining a plane to establish a twist reference angle.

6. The tool according to claim 5, wherein the plane is substantially parallel with a
chord of the blade.

7. The tool according to either of claims 5 or 6, wherein the second component
comprises a second planar surface which is comparable with the first planar surface for twist
angle characterization at the blade tip and at the multiple stations.

8. The tool according to any of claims 1-7, wherein the second component
comprises a measuring device for chord length characterization at the blade tip and at the
multiple stations.

9. The tool according to claim 8, wherein the measuring device comprises a gage
indicator.

10. The tool according to any of claims 1-9, wherein the second component
comprises a plurality of locating features configured to constrain an orientation of the second

component relative to the blade.
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11. A method of characterizing a geometry of a blade, the method comprising:

attaching a first component to a blade root of the blade;

attaching a second component to leading and trailing edges of the blade at a blade tip
and at multiple stations defined along a span-wise dimension of the blade;

operating the second component to characterize a chord length of the blade at the
blade tip and at the multiple stations; and

cooperatively operating the first and second components to characterize a sweep and a
twist angle of the blade at the blade tip and at the multiple stations.

12. The method according to claim 11, wherein the cooperative operating of the first
and second components comprises aiming an optical element of the first component at a scale
of the second component for sweep characterization at the blade tip and at the multiple
stations.

13. The method according to either of claims 11 or 12, wherein the cooperative
operating of the first and second components comprises comparing first and second planar
surfaces of the first and second components for twist angle characterization at the blade tip
and at the multiple stations.

14. The method according to any of claims 11-13, wherein the operating of the
second component comprises operating a measuring device for chord length characterization
at the blade tip and at the multiple stations.

15. The method according to any of claims 11-14, further comprising disposing a
plurality of locating features on the second component to constrain an orientation of the

second component relative to the blade.

10
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