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RADAL SPLINEARRANGEMENT FOR LPT 
VANE CLUSTERS 

BACKGROUND 

0001. The present invention relates generally to gas tur 
bine engines, and more particularly to the attachment of a full 
hoop stator vane cluster to a case of a gas turbine engine. 
0002. A gas turbine engine typically includes a high pres 
Sure spool, a combustion system and a low pressure spool 
disposed within an engine case to form a generally axial, 
serial flow path about the engine centerline. The high pressure 
spool includes a high pressure turbine, a high pressure shaft 
extending axially forward from the high pressure turbine, and 
a high pressure compressor connected to a forward end of the 
high pressure shaft. The low pressure spool includes a low 
pressure turbine, which is disposed downstream of the high 
pressure turbine, a low pressure shaft, which typically 
extends coaxially through the high pressure shaft, and a low 
pressure compressor connected to a forward end of the low 
pressure shaft, forward of the high pressure compressor. The 
combustion system is disposed between the high pressure 
compressor and the high pressure turbine and receives com 
pressed air from the compressors and fuel provided by a fuel 
injection system. A combustion process is carried out within 
the combustion system to produce high energy gases to pro 
duce thrust and turn the high and low pressure turbines, which 
drive the compressors to Sustain the combustion process. 
0003 Turbines are comprised of alternating stages of 
blades and airfoils that are arranged radially around a center 
axis of the engine within the axial flow path of the engine 
case. More specifically, the blades are attached to a Support 
rotor and the airfoils are attached to the engine case. When 
high energy gases pass through a turbine, heat is transferred to 
the airfoils and the case. Due to local gas flow paths and 
component features and geometry, thermal expansion is not 
equal over the entire turbine section. Similarly, the case and 
the airfoils may not expand equally during operation and 
contract equally after operation. This phenomenon can cause 
thermal stresses and crack formation that can lead to failure of 
the components. 

SUMMARY 

0004. According to the present invention, a full hoop stator 
Vane cluster includes an inner hoop and an outer hoop both 
being Substantially cylindrical and coaxial. A plurality of 
airfoils extend radially between the hoops, and a plurality of 
vane splines extend radially outward from the outer hoop for 
attaching the Vane cluster to a gas turbine engine. 
0005. In another embodiment, a gas turbine engine 
includes a full hoop stator vane cluster and a case. The full 
hoop stator Vane cluster includes an inner hoop and an outer 
hoop both being Substantially cylindrical and coaxial. A plu 
rality of airfoils extend radially between the hoops, and a 
plurality of vane splines extend radially outward from the 
outer hoop for attaching the Vane cluster to a gas turbine 
engine. The case is Substantially cylindrical and has a plural 
ity of case splines extending radially inward for attaching the 
Vane cluster. 
0006. In another embodiment, a method of installing a full 
hoop stator Vane cluster into a gas turbine engine includes 
inserting the Vane cluster axially into a case of the gas turbine 
engine. Also included are moving a plurality of vane splines 
on the vane cluster alongside a plurality of case splines on the 
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case and circumferentially offsetting the Vane splines and the 
case splines. Further included are rotating the Vane cluster 
Such that the Vane splines are circumferentially aligned with 
the case splines and attaching a vane spline to a case spline to 
Substantially restrain relative axial and circumferential move 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a schematic cross-section view of a gas 
turbine engine showing a vane cluster. 
0008 FIG. 2 is a perspective view of the vane cluster 
showing vane splines. 
0009 FIG. 3A is a partial perspective view of the vane 
cluster and a low pressure turbine case. 
(0010 FIG. 3B is a partial perspective view of the vane 
cluster attached to the low pressure turbine case. 
0011 FIG. 4 is a partial cross-section view along line 3 in 
FIG. 1 showing the vane cluster attached to the low pressure 
turbine case. 
0012 FIG. 5 is a perspective view of a vane cluster having 
alternate embodiment vane splines and a low pressure turbine 
case having alternate embodiment case splines. 

DETAILED DESCRIPTION 

0013 FIG. 1 shows a cross section of gas turbine engine 10 
in which a vane cluster of the present invention is used. 
Although FIG. 1 depicts a gas turbine engine typically used 
for aircraft propulsion, the invention is readily applicable to 
gas turbine generators and other similar systems incorporat 
ing rotor-supported, shaft-driven turbines. Shown in FIG. 1 
are gas turbine engine 10, fan 12, low pressure compressor 
(LPC) 14, high pressure compressor (HPC) 16, combustor 
section 18, high pressure turbine (HPT) 20, low pressure 
turbine (LPT) 22, fan case 23A, LPC case 23B, HPC case 
23C, HPT case 23D, LPT case 23E, shaft 24, shaft 26, exit 
guide vanes 28, injectors 30, blades 32, vane clusters 34, 
airfoils 36, support rotor 38, inlet air A, primary air A, 
secondary air As, and longitudinal engine centerline axis C. 
0014. In the illustrated embodiment, gas turbine engine 10 
comprises a dual-spool turbofan engine in which the advan 
tages of the present invention are particularly well illustrated. 
Gasturbine engine 10, of which the operational principles are 
well known in the art, comprises fan 12, low pressure com 
pressor (LPC) 14, high pressure compressor (HPC) 16, com 
bustor section 18, high pressure turbine (HPT) 20, and low 
pressure turbine (LPT) 22, which are each concentrically 
disposed around longitudinal engine centerline axis C. Fan 
12 is enclosed at its outer diameter within fan case 23A. 
Likewise, the other engine components are correspondingly 
enclosed at their outer diameters within various engine cas 
ings, including LPC case 23B, HPC case 23C, HPT case 23D 
(including the mid-turbine frame), and LPT case 23E. Fan 12 
and LPC 14 are connected to LPT 22 through shaft 24, and 
together fan 12, LPC 14, LPT 22, and shaft 24 comprise the 
low pressure spool. HPC 16 is connected to HPT 20 through 
shaft 26, and together HPC 16, HPT 20, and shaft 26 comprise 
the high pressure spool. 
0015 Inlet air A enters engine 10 where it is divided into 
streams of primary air A and secondary air As after passing 
through fan 12. Fan 12 is rotated by low pressure turbine 22 
through shaft 24 (either directly as shown or through a gear 
box, not shown) to accelerate secondary air As (also known as 
bypass air) through exit guide vanes 28, thereby producing a 
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majorportion of the thrust output of engine 10. Primary air A 
(also known as gas path air) is directed first into low pressure 
compressor 14 and then into high pressure compressor 16. 
LPC 14 and HPC 16 work together to incrementally step up 
the pressure of primary air A. HPC 16 is rotated by HPT 20 
through shaft 24 to provide compressed air to combustor 
section 18. The compressed air is delivered to combustor 18, 
along with fuel through injectors 30, such that a combustion 
process can be carried out to produce the high energy gases 
necessary to turn high pressure turbine 20 and low pressure 
turbine 22, which is comprised of blades 32 and vane clusters 
34 (which includes airfoils 36). Primary air A continues 
through gas turbine engine 10 whereby it is typically passed 
through an exhaust nozzle to further produce thrust. 
0016. After being compressed in LPC 14 and HPC 16 and 
participating in a combustion process in combustor 18 (FIG. 
1) to increase pressure and energy, primary air A flows 
through HPT 20 and LPT 22 such that blades 32 extract 
energy from the flow of primary air A. Primary air A 
impinges on blades 32 to cause rotation of support rotor 38 
and shaft 24. In order to maintain the efficiency of the com 
bustion process it is necessary to seal the path along which 
primary air A flows. It is particularly advantageous to seal at 
the free ends of airfoils 36 and blades 32 as they extend from 
LPT case 23E and support rotor 38, respectively. For 
example, in order to maintain the mechanical efficiency of 
engine 10 it is necessary to ensure that the energy put into 
primary air A translates into useful work of rotating shaft 24. 
Any air allowed to escape LPT22 by passing through the gaps 
at the free ends of blades 32 and airfoils 36 reduces the 
efficiency of engine 10. 
0017 Depicted in FIG. 1 is one embodiment of the present 
invention, to which there are alternative embodiments. For 
example, engine 10 can be a three spool engine. In such an 
embodiment, engine 10 has an intermediate compressor 
between LPC 14 and HPC 16 and an intermediate turbine 
between HPT 20 and LPT 22, wherein the intermediate com 
pressor is connected to the intermediate turbine with an addi 
tional shaft. 
0018. In FIG. 2, a perspective view of vane cluster 34 
having vane splines 40 is shown. Shown in FIG. 2 are vane 
cluster 34, airfoils 36, inner hoop 42, outer hoop 44, cluster 
axis 46, and vane prongs 48 and vane slots 50, which form 
vane splines 40. For the sake of simplicity, some of airfoils 36 
and vane splines 40 have been omitted, the omitted portions 
being indicated by dots. 
0019 Vane cluster 34 includes substantially cylindrical 
inner hoop 42 surrounded by substantially cylindrical outer 
hoop 44. Vane cluster 34 has cluster axis 46, to which inner 
hoop 42 and outer hoop 44 are coaxial. Connected to and 
extending radially between inner hoop 42 and outer hoop 44 
is a plurality of airfoils 36. Because vane cluster 34 subtends 
substantially a full cylinder, vane cluster 34 is a full hoop 
stator Vane cluster. 
0020 Attached to and extending radially outward from 
outer hoop 44 is a plurality of vane splines 40. In the illus 
trated embodiment, each vane spline 40 is comprised of two 
Vane prongs 48. Vane prongs 48 extend generally radially 
outward from outer hoop 44 and are substantially parallel to 
each other. Vane prongs 48 are circumferentially separated 
from each other by vane slots 50. Each vane slot 50 is cir 
cumferentially wider than each vane prong 48. 
0021 Blades 32 are connected to shaft 24 (shown in FIG. 
1) through support rotor 38 such that they rotate during opera 
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tion of LPT 22. Vane cluster 34 remains stationary during 
operation of LPT 22. Therefore, airfoils 36 remain stationary 
during operation of LPT 22. 
0022. The components and configuration of vane cluster 
34 as shown in FIG. 2 allow for vane cluster 34 to be attached 
to LPT case 23E (as shown in FIGS. 3A-3B). More specifi 
cally, Vane cluster 34 can remain Substantially centered in 
LPT case 23E despite independent thermal expansion of vane 
cluster 34 and LPT case 23E. In addition, vane splines 40 can 
transmit circumferential force and/or torque to LPT case 23E. 
Because vane cluster 34 is a full hoop stator vane cluster, there 
are no radial gaps to fill between segments (as occur in the 
prior art). 
0023. In FIG.3A, a partial perspective view of vane cluster 
34 and LPT case 23E is shown. In FIG.3B, a partial perspec 
tive view of the vane cluster attached to the low pressure 
turbine case. Shown in FIGS. 3A-3B are LPT case 23E, vane 
cluster 34, vane splines 40 (with vane prongs 48 and vane 
slots 50), case splines 52 (with case prongs 54 and case slots 
56), and fasteners 58. The discussion of FIGS. 3A-3B will 
occur simultaneously. 
0024 LPT case 23E is substantially cylindrical and is 
coaxial with longitudinal engine centerline axis C (shown in 
FIG. 1). Attached to and extending substantially radially 
inward from LPT case 23E are case splines 52. In the illus 
trated embodiment, each case spline 52 is comprised of two 
case prongs 54. Case prongs 54 extend generally radially 
inward from LPT case 23E and are substantially parallel to 
each other. Case prongs 52 are circumferentially separated 
from each other by case slots 56. Each case slot 56 is circum 
ferentially wider than each case prong 52. Thereby, vane 
splines 40 and case splines 52 have corresponding shapes, 
and, more specifically, are Substantially the same shape. 
0025. In order to attach vane cluster 34 to LPT case 23E, 
cluster axis 46 (shown in FIG. 2) is oriented to be substan 
tially coaxial with longitudinal engine centerline axis C, 
(shown in FIG. 1) and vane cluster 34 is axially inserted into 
LPT case 23E along longitudinal engine centerline axis C. 
Vane cluster 34 is axially positioned within LPT case 23E, 
with vane splines 40 being positioned circumferentially offset 
from case splines 52 (as shown in FIG.3A). Then vane cluster 
34 is rotated about cluster axis 46 (shown in FIG. 2) until vane 
splines 40 and case splines 52 are circumferentially aligned 
(as shown in FIG. 3B). Thereby, vane slots 50 and case slots 
56 are axially aligned. Then fasteners 58 are added to attach 
vane cluster 34 to LPT case 23E. More specifically, one 
fastener 58 is axially inserted into each vane slot 50 and case 
slot 56, between vane prongs 48 and case prongs 54 of vane 
spline 40 and case spline 52, respectively. 
(0026. In order to assemble LPT 22 (shown in FIG. 1), vane 
cluster 34 may need to be moved axially past case splines 52 
(as will be discussed in greater detail with FIG. 4). Therefore, 
the circumferential spacing between each vane spline 40 and 
the circumferential spacing between each case spline 52 
allow for vane cluster 34 to be moved axially past case splines 
52 without interfering with any features of LPT case 23E. 
More specifically, the amount of circumferential space 
between any two consecutive vane splines 40 is greater than 
the circumferential width of an individual case spline 52. In 
addition, the amount of circumferential space between any 
two consecutive case splines 52 is greater than the circumfer 
ential width of an individual vane spline 40. Because the 
width of each vane spline 40 is substantially the same as the 
width of each case spline 52 in the illustrated embodiment, 
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the result is that the circumferential spacing between Vane 
splines 40 and case splines 52 is substantially the same. This 
also means that the amount of circumferential space between 
any two consecutive Vane splines 40 is greater than the cir 
cumferential width of an individual vane spline 40. Similarly, 
the amount of circumferential space between any two con 
secutive vane splines 52 is greater than the circumferential 
width of an individual case spline 52. 
0027. The components, configuration, and operation of 
vane cluster 34 and LPT case 23E allow for vane cluster 34 to 
be attached to LPT case 23E. Because fasteners 58 are posi 
tioned in vane slots 50 and case slots 56, relative movement 
between vane cluster 34 and LPT case 23 is substantially 
prohibited in the axial and circumferential directions. Rela 
tive movement is permitted in the radial direction. In addition, 
vane cluster 34 can be moved past case splines 52, which 
allows for the assembly of a multi-stage LPT 22 (shown in 
FIG. 1). 
0028. In FIG.4, a partial cross-section view along line 4 in 
FIG. 1 of vane cluster 34 attached to LPT case 23E is shown. 
Shown in FIG. 4 are LPT case 23E, Vane cluster 34, support 
rotor 38, vane spline 40, outer hoop 44, case splines 52. 
fastener 58, knife edge seals 60, and abradable 62. 
0029 Vane cluster 34 and LPT case 23E are as described 
previously in FIGS. 1-3B, with additional detail shown in 
FIG. 4. For example LPT case 23E has, but is not limited to, 
two sets of case splines 52 that are axially spaced apart from 
one another. When vane cluster 34 is attached to LPT case 
23E with fasteners 58, vane splines 40 are moved between the 
two sets of case splines 52. 
0030 The components and configuration of LPT case 23E 
and vane cluster 34 as shown in FIG. 4 allow for vane splines 
40 to be attached in double shear. Also, as stated previously, 
relative movement between vane cluster 34 and LPT case 23E 
is permitted in the radial direction, though it is limited by the 
outer ends of vane prongs 48 contacting LPT case 23 and/or 
the inner ends of case prongs 54 contacting outer hoop 44. 
This contact will prevent knife edge seals 60 on support rotor 
38 from moving extensively into abradable 62. More specifi 
cally, Vane prong 48 and/or case prong 54 contact on one side 
ofgas turbine engine 10 (shown in FIG. 1) prevents knife edge 
seals 60 on the opposite side from bearing load. This can be 
especially useful when gas turbine engine 10 is at rest. 
0031. In FIG. 5, a perspective view of vane cluster 34 
having alternate embodiment vane splines 40' and LPT case 
23E having alternate embodiment case splines 52' is shown. 
Shown in FIG. 5 are LPT case 23E, vane cluster 34, vane 
splines 40', vane prongs 48, vane slots 50", case splines 52', 
case prongs 54, and case slots 56. 
0032. In alternate embodiment vane splines 40', each pair 
of Vane prongs 48' are joined at the outermost ends of Vane 
prongs 48". Thereby, vane slots 50' are surrounded by a closed 
ring comprised of vane prongs 48". Similarly, in the alternate 
embodiment case splines 52', each pair of case prongs 54' are 
joined at the innermost ends of case prongs 54'. Thereby, case 
slots 56" are surrounded by a closed ring comprised of case 
prongs 56'. In the illustrated embodiment, vane splines 40' 
and case splines 52' are substantially the same shape. Alter 
natively, case splines 52" can be of a corresponding shape to 
vane splines 40', such that case slots 56' can align with vane 
slots 50' (for example, case splines 52 as shown in FIG. 3A). 
Similarly, Vane splines 40' can be of a corresponding shape to 
case splines 52', such that vane slots 50' align with case slots 
56' (for example, vane splines 40 as shown in FIG. 3A). 

Jan. 3, 2013 

0033. The components and configuration of alternate 
embodiment vane splines 40' as shown in FIG. 5 allow for 
vane cluster 34 to be attached to LPT case 23E, substantially 
prohibiting axial and circumferential movement and allowing 
Some radial movement. In addition, the amount of radial 
movement can be limited by the joined ends of Vane prongs 
48 and/or case prongs 54'. 
0034. It should be recognized that the present invention 
provides numerous benefits and advantages. For example, 
LPT case 23E and vane cluster 34 can independently ther 
mally expand during operation of gas turbine engine 10. 
Similarly, after operation of gas turbine engine 10 ceases, 
LPT case 23E and vane cluster 34 can independently ther 
mally contract. For another example, when gas turbine engine 
10 is cooled, vane splines 40 and/or case splines 52 can bear 
the weight of vane cluster 34. This prevents knife edge seals 
60 from being crushed by the radially movable vane cluster 
34. 
0035. While the invention has been described with refer 
ence to an exemplary embodiment(s), it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment(s) 
disclosed, but that the invention will include all embodiments 
falling within the scope of the appended claims. 

1. A full hoop stator Vane cluster comprising: 
an inner hoop having a Substantially cylindrical shape; 
an outer hoop having a Substantially cylindrical shape and 

being Substantially coaxial with the inner hoop: 
a plurality of airfoils extending radially between the inner 
hoop and the outer hoop; and 

a plurality of vane splines extending radially outward from 
the outer hoop for attaching the Vane cluster to a gas 
turbine engine. 

2. The vane cluster of claim 1, wherein a vane spline 
comprises: 
two Substantially parallel vane prongs that are circumfer 

entially separated from each other. 
3. The vane cluster of claim 2, wherein the prongs are 

joined circumferentially outward from the outer hoop, such 
that each vane spline includes a closed ring. 

4. The vane cluster of claim 2, wherein an amount of 
circumferential separation between the Vane prongs is wider 
than a circumferential width of each Vane prong. 

5. The vane cluster of claim 2, wherein an amount of 
circumferential separation between two consecutive vane 
splines is wider than a circumferential width of an individual 
Vane spline. 

6. A gas turbine engine comprising: 
a full hoop stator Vane cluster comprising: 

an inner hoop having a substantially cylindrical shape; 
an outer hoop having a substantially cylindrical shape 

and being Substantially coaxial with the inner hoop: 
a plurality of airfoils extending radially between the 

inner hoop and the outer hoop; and 
a plurality of Vane splines extending radially outward 

from the outer hoop; and 
a case having a substantially cylindrical shape and includ 

ing a first plurality of case splines extending radially 
inward for attaching to the Vane cluster. 
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7. The gas turbine engine of claim 6, wherein a vane spline 
comprises: 
two Substantially parallel vane prongs that are circumfer 

entially separated from each other. 
8. The gas turbine engine of claim 7, wherein the vane 

prongs are joined circumferentially outward from the outer 
hoop. Such that each vane spline forms a closed ring. 

9. The gas turbine engine of claim 7, wherein an amount of 
circumferential separation between two consecutive vane 
splines is wider than a circumferential width of an individual 
Vane spline. 

10. The gas turbine engine of claim 6, wherein a case spline 
comprises: 
two Substantially parallel case prongs that are circumfer 

entially separated from each other. 
11. The gas turbine engine of claim 10, wherein the case 

prongs are joined circumferentially inward from the case, 
Such that each case spline forms a closed ring. 

12. The gas turbine engine of claim 10, wherein an amount 
of circumferential separation between two consecutive case 
splines is wider than a circumferential width of an individual 
case spline. 

13. The gas turbine engine of claim 6, wherein the vane 
splines and the case splines are substantially the same shape. 

14. The gas turbine engine of claim 6, and further compris 
ing: 

a second plurality of case splines axially separated from the 
first plurality of case splines such that the plurality of 
vane splines can be interposed between the first and 
second pluralities of case splines. 

15. The gas turbine engine of claim 6, and further compris 
1ng: 
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a plurality of fasteners oriented substantially axially that 
attach the Vane cluster to the case, each fastenerconnect 
ing a vane spline to a case spline. 

16. The gas turbine engine of claim 6, wherein an amount 
of circumferential separation between two consecutive vane 
splines is wider than a circumferential width of an individual 
case spline. 

17. The gas turbine engine of claim 6, wherein an amount 
of circumferential separation between two consecutive case 
splines is wider than a circumferential width of an individual 
Vane spline. 

18. A method of installing a full hoop stator vane cluster 
into a gas turbine engine, the method comprising: 

inserting the Vane cluster axially into a case of the gas 
turbine engine; 

offsetting circumferentially the Vane splines from the case 
splines, such that the Vane splines are aligned between 
the case splines; 

rotating the vane cluster Such that the Vane splines are 
circumferentially aligned with the case splines; and 

attaching a vane spline to a case spline to Substantially 
restrain relative axial and circumferential movement. 

19. The method of claim 18, and further comprising: 
moving the Vane splines axially between two sets of case 

splines. 
20. The method of claim 18, wherein attaching the vane 

spline to the case spline comprises: 
inserting a fastener Substantially axially between the case 

prongs of the case spline and between the Vane prongs of 
the Vane spline. 


