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(54) Variable vane arm/unison ring attachment system

(57) An attachment system for use with a variable
incidence vane includes a vane arm (102) for joining a
unison ring (15) to a vane spindle (26). The vane arm
(102) has an arm portion (104) and a bushing (106) con-

nected to the arm portion (104). The attachment system
further has a pin (114) for joining the vane arm (102) to
the unison ring (15). The pin (114) fits within an interior
bore (112) in the bushing (106) and is joined to the uni-
son ring (15) by a dual swage (116,118).
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a variable
vane arm/unison ring/vane attachment system for use
in a variable incidence vane system in a gas turbine en-
gine.
[0002] As shown in Figure 1, a variable vane arm 11
is used to control the incidence angle of vanes 8 in the
compressor section of gas turbine engines. The vanes
8 are arranged as a stage set around the circumference
of the compressor. The vane arm 11 attaches to each
vane spindle 26 which rotates in a bearing mounted in
the compressor case. The set of vanes 8 in a stage are
actuated by a circumferential synchronizing or unison
ring 15 that rotates about the engine axis. The vane arm
11 imparts motion from the synchronizing ring 15 to the
vane spindle 26 and has to accommodate all the relative
motion between the ring 15 and the vane 8.
[0003] In the current vane arm/unison ring attachment
system 10 illustrated in FIG. 1, the vane arm 11 incor-
porates a brazed bushing 12 which has chamfered re-
liefs 14 to allow for differences in kinematic motion of
the vane arm 11, which travels in a planar arc relative
to the engine circumference, and the unison ring 15
which rotates about the engine center line and trans-
lates axially. The bushing 12 interfaces with a pin 16 at-
tached to the unison ring 15 by means of a single swage
and a tack weld.
[0004] Referring now to FIG. 2, the vane arm 11 has
a non-tapered claw feature 20 which has two curved
members 22 and 23 for engaging slots 24 and 25 in a
vane spindle 26.
[0005] The current vane arm/unison ring attachment
system suffers from a number of deficiencies including
wear between the pin and vane arm bushing, a potential
for relative vibration at the joint interface between the
pin 16 and the unison ring 15, and slop at the inner di-
ameter of the unison ring 15 which causes wear at the
mating surface.

SUMMARY OF THE INVENTION

[0006] Accordingly, it is an object of the present inven-
tion to provide an improved attachment system for at-
taching a vane arm to a unison ring and to a variable
vane spindle.
[0007] It is a further object of the present invention to
provide an attachment system as above which is retro-
fittable.
[0008] It is still a further object of the present invention
to provide an attachment system as above which has
an increased bearing area to minimize wear.
[0009] It is yet a further object of the present invention
to provide an attachment system as above which mini-
mizes the potential for relative vibration at the joint in-
terface.

[0010] It is yet another object of the present invention
to provide an attachment system as above which cre-
ates damping and eliminates joint slop/hysteresis.
[0011] The foregoing objects are attained by the at-
tachment system of the present invention.
[0012] In accordance with one aspect of the present
invention, an attachment system for use in a variable
incidence vane system is provided. The attachment sys-
tem comprises a vane arm for joining a unison ring to a
variable vane spindle. The vane arm has an arm portion
and a bushing connected to the arm portion. The attach-
ment system further comprises a pin for joining the vane
arm to the unison ring. The pin fits within the bushing
and is joined to the unison ring by a dual swage.
[0013] The present invention also relates in another
aspect to a vane arm having an arm portion and a bush-
ing connected to the arm portion. The arm portion has
a thickness and the bushing has a height which is max-
imized to fit within a cross section of the unison ring with
a clearance between top and bottom surfaces of the
bushing sufficient to eliminate any potential for contact
and subsequent wear of the top and bottom surfaces.
[0014] Other aspects and details of the variable vane
arm/unison ring/vane attachment system, as well as
other objects and advantages attendant thereto, are set
forth in the following detailed description and the accom-
panying drawings wherein like reference numerals de-
pict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 illustrates a current attachment system
showing the attachment between the vane arm and
the unison ring;
FIG. 2 is a rear view of the attachment system of
FIG. 1;
FIG. 3 is a perspective view of a vane arm in ac-
cordance with the present invention for use in a var-
iable incidence vane attachment system;
FIG. 4 is a sectional view of a vane arm in accord-
ance with the present invention;
FIG. 5 is a bottom view of the vane arm of FIG. 3;
and
FIG. 6 is a sectional view illustrating the vane arm
of FIG. 3 joined to a unison ring.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0016] Referring now to the drawings, FIGS. 3 - 6 il-
lustrate an improved vane arm 102 in accordance with
the present invention for use in an attachment system
10 used in a variable incidence vane system within a
gas turbine engine. The vane arm 102 is used to join a
vane spindle 26 and a unison ring 15.
[0017] As shown in FIGS. 3 and 6, the vane arm 102
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has an arm portion 104 with a thickness T. The arm por-
tion 104 may be formed from any suitable material
known in the art such as a nickel based alloy. A suitable
nickel based alloy which may be used to form the arm
portion 104 is Inconel 718.
[0018] The vane arm 102 also has a bushing 106 con-
nected to it. In a preferred construction, the bushing 106
is joined to the vane arm 102 by brazing using any suit-
able brazing material such as a gold based alloy or a
nickel based alloy. The bushing 106 may also be formed
from a nickel based alloy such as Inconel 718. It may
also be formed from any other suitable metallic material
known in the art. While it is preferred to braze the bush-
ing 106 to the vane arm 102, if desired, the bushing 106
may be integrally formed with the vane arm 102.
[0019] As can be seen from FIGS. 4 and 6, the bush-
ing 106 has an upper portion 108 and a lower portion
110. The upper portion 108 has an outer diameter great-
er than the outer diameter of the lower portion 110. The
bushing 106 has an interior bore 112 for receiving a pin
114 about which the bushing 106 can rotate. One of the
features of the bushing 106 is that it has no chamfered
reliefs.
[0020] The bushing 106 has a height H which is max-
imized to fit within the cross section of the unison ring
15. There is a clearance between the ring 15 and the
top and/or bottom of bushing 106 to eliminate the po-
tential for contact and subsequent wear at these surfac-
es. The value of the clearance is intended to accommo-
date the kinematic travel of the bushing 106 relative to
the ring 15, i.e. the bushing 106 slides up the pin 114 as
the ring 15 is rotated.
[0021] Referring now to FIG. 6, the vane arm 102 is
joined to the unison ring 15 by the pin 114 which is sized
to fit within the bore 112. The pin 114 has a first bore
124 machined in a first end and a second bore 126 ma-
chined in a second end 122. The joint between the uni-
son ring 15 and the pin 114 is formed by a first swage
116 at the first end 120 of the pin 114 and a second
swage 118 at the second end 122 of the pin 114.
[0022] While it is not preferred to tack weld the first
end 120 of the pin 114 to the unison ring 15, one could
tack weld the first end 120 and/or the second end 122
if desired. Any suitable welding material known in the
art may be used to form the tack weld.
[0023] The vane arm/unison ring attachment de-
scribed hereinabove provides a number of key advan-
tages. First, it is retrofittable with current variable inci-
dence vane hardware. Second, the increased bushing
height provides increased bearing area which minimiz-
es wear. Third, there is a reduction in the relative de-
grees of freedom from four to two, which minimizes the
potential for relative vibration at the joint interface be-
tween the arm 102 and the pin 114. Fourth, the joint
preload provided by forced vane arm deflection creates
damping and eliminates joint slop/hysteresis. Fifth, the
dual swaging of the pin 114 eliminates slop at the inner
diameter of the unison ring 15, preventing wear at that

mating surface.
[0024] The vane arm 102 is also provided with an in-
tegrally formed claw feature 128 which has, as shown
in FIG. 5, a tapered leading edge 130 and 132 on the
first and second curved members 134 and 136 used to
engage the offset slots 24 and 25 in a vane spindle 26.
The tapered leading edges 130 and 132 taper inwardly
from the leading edge of each curved member 134 and
136 towards a longitudinal axis 138 of the arm portion
104. As before, the first curved member 134 has a first
radius of curvature and the second curved member 136
has a second radius of curvature which is different from
the first radius of curvature. The purpose of the different
radii of curvature is to provide a fool proofing feature
which prevents the arm from being installed backwards
on the vane.
[0025] The tapered claw feature 128 of the vane arm
102 provides a number of advantages. First, it reduces
assembly fillet stress caused by interference fit with claw
and vane spindle. Second, it reduces stress Kt caused
by vane arm stem deflection and vane air loads. Third,
it improves manufacturing ability to blend finish and in-
spect fillet area underneath the vane arm claw.
[0026] It is apparent that there has been provided in
accordance with the present invention a variable vane
arm/unison ring/vane attachment system which fully
satisfies the objects, means, and advantages set forth
hereinbefore. While the present invention has been de-
scribed in the context of specific embodiments thereof,
other alternatives, modifications, and variations will be-
come apparent to those skilled in the art having read the
foregoing description. Accordingly, it is intended to em-
brace those alternatives, modifications, and variations
which fall within the broad scope of the appended
claims.

Claims

1. An attachment system for use with a variable inci-
dence vane system comprising:

a vane arm (102) for connecting a unison ring
(15) and a spindle (26);

said vane arm (102) having an arm portion
(104) and a bushing (106) connected to said
arm portion (104);

a pin (114) for connecting said vane arm (102)
to said unison ring (15); and

said pin (114) fitting within said bushing (106)
and being joined to said unison ring by a dual
swage (116,118).

2. The attachment system according to claim 1,
wherein said bushing (106) is connected to said arm
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portion (104) by brazing.

3. The attachment system according to claim 1 or 2,
wherein said bushing (106) has no chamfered re-
liefs.

4. The attachment system according to any preceding
claim, further comprising said vane arm (102) hav-
ing means for connecting said vane arm (102) to
said vane spindle (26).

5. The attachment system according to claim 4,
wherein said connecting means comprises a claw
(128) having a tapered leading edge (130,132).

6. The attachment system according to claim 5,
wherein said vane spindle (26) has two offset slots
and said connecting means further comprises first
and second curved members (134,136) for engag-
ing said slots.

7. The attachment system according to claim 6,
wherein said first curved member (134) has a first
radius of curvature, said second curved member
(136) has a second radius of curvature, and said
first radius of curvature is different from said second
radius of curvature.

8. A vane arm (102) for use in an attachment system
having a unison ring (15) comprising:

an arm portion (104) and a bushing (106) con-
nected to said arm portion (104);

said arm portion (104) having a thickness (T);
and

said bushing (106) having a height (H) which is
maximized to fit within a cross section of the
unison ring (15) with a clearance between top
and bottom surfaces of said bushing (106) suf-
ficient to eliminate any potential for contact and
subsequent wear of said top and bottom sur-
faces.

9. A vane arm according to claim 8, further comprising
a tapered claw structure (128) for joining said vane
arm (104) to another structure.

10. A vane arm according to claim 9, wherein said ta-
pered claw structure (128) includes a tapered lead-
ing edge (130,132).

11. A vane arm according to claim 10, wherein said ta-
pered claw structure includes a first curved member
(134) having a first radius of curvature, a second
curved member (136) having a second radius of
curvature, and said first radius of curvature being

different from said second radius of curvature.

12. A vane arm (102) for use in a gas turbine engine
comprising an arm portion (104), a bushing (106) at
a first end of said arm portion (104), and an integral-
ly formed tapered claw feature (128) at a second
end of said arm portion (104).

13. A vane arm according to claim 12, further compris-
ing said bushing (106) being brazed to said arm por-
tion (104).

14. A vane arm according to claim 12 or 13, wherein
said arm portion, said tapered claw feature (128),
and said bushing (106) are each formed from a nick-
el based alloy.

15. A vane arm according to any of claims 12 to 14,
wherein said claw feature (128) comprises a first
curved member (134) having a tapered leading
edge (130) and a second curved member (136) hav-
ing a tapered leading edge (132).

16. A vane arm according to claim 15, wherein said first
curved member (134) has a first radius of curvature,
said second curved member (136) has a second ra-
dius of curvature, and said first radius of curvature
is different from said second radius of curvature.
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