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This invention relates to stator vane assemblies for axial 
?ow turbomachines and, more particularly, to a stator 
vane assembly having composite stator vane sectors com 
bining both superior vibration damping characteristics 
and a high degree of wear resistance. 

In axial flow turbomachines, especially axial ?ow com 
pressors of aircraft gas turbine engines, there are two 
common ways of assembling non-variable, or ?xed angle, 
stator vanes. These two common types of construction are 
the individual base type and the sector type. In the indi 
vidual base type of construction, each stator vane has 
its own base and each base is individually supported in 
the compressor. More particularly, it is typical in this 
type of construction to provide each base with support 
lugs which are received in a suitable support means such 
as a T-shaped slot in the compressor casing, the bases of 
adjacent vanes abutting in the support slot. In the sector 
type of construction, there is a common base member for 
a plurality of vanes, each vane being rigidly secured to 
the base member which is then supported in the com 
pressor. 

It is Well known that stator vanes are often subject to 
vibration during high speed turbomachine operation. 
While the causes of this vibration, as well as its nature, 
are not always fully understood even by those highly 
skilled in the art, it is clear that such vibration is caused 
primarily by non-uniform aerodynamic forces acting on 
the vanes during operation. Even a theoretically smooth 
?ow, such as that expected in an axial flow compressor, 
may actually be quite irregular and may cause forced and 
synchronous vibration in the stator vanes. If su?iciently 
severe, such vibration can create extremely high stresses 
in the vanes and can ultimately cause fatigue failure. To 
prevent such failure, it is desirable to provide suitable 
means for damping the destructive vibration. Actually, 
the individual base type of stator construction has ex 
tremely effective internal damping characteristics due to 
movement of the individual bases in the support struc 
ture and relative to each other. As a result of this move 
ment, substantial amounts of energy are dissipated 
through the frictional rubbing which occurs both between 
the individual bases and the support structure and be 
tween adjacent bases at their abutting surfaces. It has been 
found in practice, however, that this relative movement 
can result in uneven and sometimes excessive wear on 
the support lugs of the individual bases. On the other 
hand, the sector type of stator vane construction gen 
erally exhibits very little wear on the common base 
member due both to relatively little motion between the 
common base member and its support structure and to 
relatively uniform loading on the support portions of the 
base member. As would be expected, however, this low 
wear is usually accompanied by very little damping in 
the system. Furthermore, the sector type of construc 
tion is quite often expensive and difficult to manufacture, 
particularly of certain materials such as titanium. In addi 
tion, failure of a small portion of the sector, such as fail 
ure of a single vane, necessitates the removal and re 
placement of the entire stator vane sector. 

It is therefore an object of this invention to provide 
an improved stator vane assembly having the advantages, 
but not the disadvantages, of both common types of 
stator construction. 7 _ - . 
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Another object of this invention is to provide a stator 

vane assembly having a high degree of wear resistance 
in combination with superior vibration damping charac 
teristics. 
A further object is to provide for turbom-achines an 

improved stator vane assembly which is not only effective 
in resisting wear, but also relatively inexpensive and easy 
to manufacture and maintain. 

Brie?y stated in carrying out the invention in one 
form, a stator vane sector is comprised of a plurality of ' 
stator vanes having discrete base portions held in abutting 
relationship by means frictionally engaging the base por 
tions and providing vibration damping. The abutting 
base portions form a composite arcuate base which is 
supported in a turbomachine as a discrete member. In 
accordance with an illustrated embodiment of the inven 
tion, the means frictionally engaging the base portions 
is a stressed member resiliently mounted in a continuous 
groove formed in the composite base. 
By a further aspect of the invention, the individual 

base portions have lugs thereon which cooperate to form 
composite ?anges which are engaged by suitable support 
means forming an integral portion of the turbomachine 
casing. By a still further aspect of the invention, the 
continuous groove in the composite base is dovetail 
shaped and arcuate in configuration, and the stressed 
member received therein has a compound arcuate con 
?guration both along its length and in cross section. 

While the invention is distinctly claimed and par 
ticularly pointed out in the claims appended hereto, the 
invention will be better understood and appreciated, 
along with other objects and features thereof, by reference 
to the following detailed description when considered 
in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a sectional view of a gas turbine engine hav 
ing compressor stator vane assemblies constructed in ac 
cordance with this invention; 

FIG. 2 is a view -of ya compressor stator vane assembly 
taken along viewing lines 2—2 of FIG. 1; 
FIG. 3 is a pictorial view of one of the composite 

sectors comprising the stator vane assembly of FIG. 2; 
FIG. 4 is a view taken along viewing lines 4-4 of 

FIG. 2 showing a stator vane and its discrete base por 
tion; 
FIG. 5 is a view of a stressed member in its unassem 

bled, or unstressed, condition; 
FIG. 6 is an enlarged view of the base portion of the 

stator vane of FIG. 4 illustrating the frictional engage 
ment between the base portion and the stressed mem 
her; and 
FIG. 7 is a view similar to FIG. 6 showing a slightly 

modi?ed arrangement. 
Referring ?rst to FIG. 1, a gas turbine engine 10» of the 

“turbojet” type is illustrated, the engine 10 having a gen~ 
erally cylindrical casing 11 enclosing, in axial ?ow rela~ 
tionship, an annular inlet duct 12, a compressor 13, a 
combustor 14, a gas generator turbine 15, and an annular 
exhaust nozzle or duct 16. The gas turbine engine 10 
has a stator portion comprising the casing 11 vand the 
other stationary structure including radial support struts 
17 spanning the inlet duct 12 to provide rotor support 
means 18 at the front of the engine, a plurality of rows 
of radial compressor stator vanes 21, 22, 23, etc., the 
structure of the combustor 14, nozzle guide vanes 24 and 
25 for the gas generator turbine 15, and radial support 
struts 26 spanning the exhaust nozzle 16 to provide rotor 
support means 27 at the aft end of the engine 10. The 
rotor portion of the engine 10 comprises the structure 
rotatably mounted on the support means 18 and 27 and 
as such includes a compressor drum 30‘ and a plurality 
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of rows of compressor blades 31, =32, 33, etc., mounted 
thereon, turbine rotor discs 34 and 35 having rows of 
turbine buckets 36 and 37 mounted thereon, and a shaft 
38 connecting the drum 30 and the rotor disc 34 and 35. 
‘From FIG. 1 and the above description, it will be ap 

preciated that the stator and rotor portions of the engine 
10 cooperate to form an annular motive ?uid passage 
way 40 extending the entire length of the engine, the 
passageway 46 including at opposite ends of the engine 10 
the inlet and exhaust ducts 12 and 16, respectively. In 
the illustrated gas turbine engine, the motive ?uid which 
is initially air and then combustion products, is subject to 
several processes is it ?ows through the passageway 40. 
It is ?rst compressed to high pressure in the compressor 
13 and then burned at substantially constant pressure to 

10 

15 
produce high temperature exhaust gases which drive the ' 
gas generator turbine 15 where both the temperature and 
the pressure of the gases are reduced. Finally the low pres 
sure, low temperature exhaust products are discharged at 
atmosphere through the exhaust duct 16. A turbomachine 
such as the gas turbine engine 10 is often thought of as a 
continuous ?ow machine through which the motive ?uid 
?ows in a completely uniform manner. In practice, how 
ever, the ?ow is generally far from uniform and smooth, 
particularly because of discontinuities introduced into the 
?ow by the vanes, blades, buckets, and support struts 
extending across the annular passageway 40. As a result 
of such discontinuities, the various elements are subject 
to ?uctuating aerodynamic forces which cause forced 
vibration. The compressor stator vanes 21, 22, 23, etc. 
are particularly susceptible to vibration caused in this 
manner. These aerodynamic forces are, of course, not the 
only cause of destructive vibration in a turbomachine. 
Even an extremely well balanced rotor portion can, when 
being run at thousands of-revolutions per minute, produce’ 
vibration in the stator portion as well as in the rotor por 
tion. If vibration of this type is produced at certain res 
onant frequencies, vibration amplitudes and stress levels 
in the stator structure, particularly compressor stator 
vanes, can become quite large. The present invention 
provides improved and novel means for controlling such 
vibration. ' 

With reference now to FIGS. 2 and 3, the annular row 
of non-variable or ?xed angle vanes 21 is viewed in FIG. 
2 from its upstream side, one of the composite sectors 
45 comprising the stator vane assembly of FIG. 2 being 
illustrated pictorially by FIG. 3. As shown by FIG. 2, 
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the circumferential ends of the sectors 45 abut to form ' 
the complete 360° row of stator vanes 21. In the illus 
trated embodiment, there are twelve sectors 45 of 30° 
each,_but it will occur to those skilled in the art that other 
numbers of sectors can be used, such as six 60° sectors. 
In general, any number of sectors may be used, down to 
a minimum number of two. In addition, each sector should 
contain a su?icient number of vanes to provide a suitable 
degree of wear resistance in accordance with the present 
invention; this requirement will become clear as this de 
scription proceeds. 
As just described, the assembly, of stator vanes 21 in 

cludes a plurality of composite sectors 45. These sectors 
45, are, however, substantially different than the sectors 
of certain prior art assemblies in that each stator vane 21 
has a discrete base portion 46 formed integrally there 
with, the circumferentially spaced vanes 21 projecting 
radially inward from the base portions 46 across the an 
nular passageway. The abutting base portions 46 of each 
sector 45 form a composite base 47 which is, as best 
shown by FIG. 2, arcuate in con?guration with respect to 
the longitudinal axis of the engine 10. Stated differently, 
the longitudinal axis of the engine 10, as viewed in FIG. 
2, can be said to be the center of curvature of the com 
posite base 47. 

Referring now to ‘FIGS. 3 and 4 each base portion 46 
has a ?rst lug 50 projecting axially upstream relative to 
the engine axis C and a second lug 51 projecting axially 
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4 
downstream, the ?rst lugs 50 of each sector 45 being 
‘aligned to form a ?rst composite, arcuate ?ange 50' and 
the second lugs 51 of each sector 45 being aligned to form 
a second composite, arcuate ?ange 51'. These composite 
?anges 50’ and 51' are engaged by support means 52 
which is an integral portion of the engine casing 11. 
More particularly, the support means 52 includes a ?rst 
?ange 53 projecting inwardly from the casing 11, the 
?ange 53 de?ning an annular channel 54 opening in the 
downstream direction. The support means 52 further in 
cludes a second ?ange 55 spaced axially downstream of 
the ?rst ?ange 53, the second ?ange 55 also projecting in 
wardly from the casing 11 and de?ning an annular chan 
nel 56 opening in the upstream direction. The channels ' 
54 and 56 are in radial alignment with each other and 
the dimensions of the channels, as well as the axial spac 
ing therebetween, is such that the ?rst and second com 
posite ?anges 50' and 51' are slidably received in the 
channels 54 and 56, respectively, in fairly snug but not 
rigid engagement. For the ?anges 50’ and 51' to be in 
serted into the channels 54 and 56, it is ‘of course neces 
sary that the casing be segmented along a longitudinal 
plane and disassembled. Furthermore, as shown by FIG. 
4, there is a small radial space 57 between the outer sur-> 
faces 58 of the assembled base portions 46 and the inner 
surface 59 of the casing 11. 

In the. above description, it has been pointed out that a 
plurality of base‘portions 46 cooperate to form a com 
posite, arcuate base 47. To do this, means must be pro 
vided to hold the base portions 46 in abutting relation 
ship. In accordance With the present invention, means 
is provided for frictionally engaging the base portions 46 
comprising each base 47 to hold the base portions in abut 
ting engagement to provide vibration damping. This ar 
rangement will now be explained. With reference to 
FIGS. 2-4, ‘each base portion 46 has a recess 65 formed 
in its radially outer surface 58, the recess 65 being dove 
tail shaped in cross section and being circumferentially 
disposed with respect to the engine axis C. The recesses 
65 in the abutting base portions 46 are aligned to form a 
continuous groove 66 extending the entire circumferential 
length of the composite base 47. As viewed in FIG. 2, 
the groove 66 is, as the composite base 47, ‘arcuate with 
respect to the engine axis, ‘or center of curvature C of the, 
composite base 47. 
The means frictionally engaging the base portions 46, 

is, as shown by FIG. 5, a spring member 70. With refer 
ence now to FIGS. 2-5, the spring member 70 is mounted 
in the arcuate groove ‘66 to provide the required fric 
tional engagement. Since the member 70 extends the. en 
tire length of the groove ‘66, its arcuate length L is sub 
stantially equal to the arcuate length of the groove .66. In 
addition, the ‘curvature of the spring member 70 in its 
unstressed state is slightly greater than that of the groove 
66; the reason for this will soon be apparent. In addition, 
the spring member 70 has in its unstressed condition an 
arcuate shape in cross section throughout its length. This 
arcuate con?guration is superimposed on the arcuate con 
?guration of the member 70 along its length. Stated dif 
ferently, it can be said that the spring member 70 has a 
compound arcuate con?guration. 

‘In assembling the stator vane sector . 45, the spring 
member 70, which has a width W greater than the width 
W of the widest part of the groove ‘66, assumes in cross 
section an arcuate shape, as shown by FIG. 4, having a 
curvature greater than that of its unstressed state. ‘In as 
suming this new curvature in cross section, the spring 
member ‘7 0 straightens out along its length until the curva 
ture along its length is the same as that of the groove 66. 
It will thus be obvious that the spring member 70 also has 
.a compound arcuate con?guration in its assembled state 
as well as in its unstressed state, but that the curvatures 
differ in the two situations. In the practice of the inven 
tion, the spring member 70 may be made of various mate 
rials having a high degree of resilience. 
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When the stator vane sector 45 is assembled and sup 
ported in the compressor support means 52, the member 
70 is a stressed member which, because of its resilience, 
wants to return to its unstressed con?guration. Therefore, 
the member 70 exerts, as best shown by the embodiments 
of FIGS. 6 and 7, substantial forces F on the wall sur 
faces S of the groove 66 to maintain the bases 46 in 
abutting relationship. During engine operation, a sub 
stantial amount of energy can be dissipated through fric 
tional rubbing between the stressed, spring member 70 
and the base portions 46. In addition, the member 70 
permits a limited amount of relative movement and rub 
bing between the lugs 50 and 51 and the channels 54 
and 56 and between the abutting surfaces of abutting 
base portions 46. In this manner, signi?cant levels of 
vibration damping can be attained. At the same time, 
however, the stressed member 70 imparts enough rigidity 
to the composite base 47 to provide substantially uniform 
wear along the support ?anges 50’ and 51’. In other 
words, the stressed member 713 permits relative motion 
within a limited range, but, by transmitting moment and 
shear forces between adjacent base portions 46, does not 
permit the large relative motions normally associated 
with excessive wear. 

It will now be obvious to those skilled in the art that 
the arrangement of this invention permits the turboma 
chine desinger to vary the amounts of vibration damping 
and wear resistance within substantial ranges. For ex 
ample, by using a thin spring member 76, as illustrated 
by FIG. 6, a rather ?exible vibration damping arrange 
ment can be provided. If desired, a stiffer spring member 
70 can be used as illustrated by FIG. 7, the spring mem 
ber 70 of FIG. 7 having much greater thickness than the 
spring member of FIG. 6. This type of construction gives 
a more rigid vane sector 45 generally less subject to wear 
along its support ?anges 50’ and 51’. Going even further 
in increasing rigidity, the member 70 may engage the 
inner surface 59 of the casing 11 as shown to ‘bias the 
composite ?anges 50' and 51' inwardly against the inner 
surfaces of the channels 54 and 56 respectively. 

In the foregoing description, the means for frictionally 
engaging the base portion 46 is a spring member 70 re 
ceived in a dovetail shaped groove 66. It will readily occur 
to those skilled in the art that other stressed elements can 
be used to perform this function. Similarly, it will be ob 
vious that the invention may be used relative to non 
variable turbine nozzle vanes and rotor blades and 
buckets in addition to the illustrated compressor stator 
vanes. 

From the foregoing, it will be appreciated that the im 
proved non-Van'able vane assembly of this invention pro 
vides a composite sector arrangement having superior 
vibration damping in combination with a high degree of 
wear resistance. In addition, since each vane and its base 
portion are manufactured separately, the arrangement or 
this invention has the manufacturing and maintenance 
advantages of the individual base type of stator con 
struction while still having the ease of handling charac 
teristics of the sector type of stator construction. 
While particular embodiments of the invention have 

been shown and described, it will ‘be understood that 
various changes and modi?cations may be made without 
departing from the spirit and scope of the invention, and 
it is intended to cover all such changes and modi?cations 
by the appended claims. 
What is claimed as new and is desired to secure by 

Letters Patent of the United States is: 
1. A stator assembly for use in a turbomachine hav 

ing an axial ?ow passageway extending between axially 
spaced upstream and downstream ends thereof, said stator 
assembly comprising: 

a row of circumferentially spaced, radial stator vanes, 
said row comprising at least two stator vane sectors; 
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6 
each of said stator vane sectors comprising: a plurality 

of vanes each having a discrete base portion formed 
integrally therewith at radially outer end thereof, 
said base portions disposed in abutting relationship 
to form a composite base having an arcuate con?gu 
ration relative to the axis of said turbornachine; 

and means frictionally, resiliently and continuously en 
gaging said base portions to maintain said base por 
tions in abutting relationship and to provide vibration 
damping; 

and means engaging said composite bases to support 
said row of stator vanes in said axial ?ow turbo 
machine. 

2. A vane sector as de?ned by claim 1 in which each 
of said base portions has a recess therein, said recesses 
being aligned and forming a continuous arcuate groove 
in said composite base, and in which said means friction 
ally engaging said base portions comprises a stressed 
member resiliently mounted in said arcuate groove. 

3. A stator assembly as de?ned by claim 2 in which 
said groove in said composite base has a dovetail shaped 
con?guration in cross section. 

4. A stator assembly as de?ned by claim 3 in which 
said stressed member in its unstressed state has a length 
substantially equal to the arcuate length of said groove 
and a width greater than the width of said groove, ‘assem 
bly of said stressed member in said groove causing said 
stressed member to assume a compound arcuate con?g 
uration both along its length with respect to the axis of 
said turbomachine and in cross section, the arcuate con 
?guration along its length being the same as the arcuate 
con?guration of said groove. 

5. A stator vane assembly as de?ned by claim 4 in 
which each of said base portions has a ?rst lug projecting 
axially upstream and a second lug projecting axially down 
stream, the ?rst lugs of each stator vane sector being 
aligned to form a ?rst composite ?ange and the second 
lugs to each stator vane sector being aligned to form a 
second composite ?ange, said support means engaging 
said ?rst and second composite ?anges to support said 
row of stator vanes in said axial ?ow turbomachine. 

6. A stator vane assembly as de?ned by claim 5 in 
which said support means includes ?rst and second an 
nular, axially spaced channels, said ?rst annular channel 
opening in the downstream direction and receiving said 
?rst composite ?anges and said second annular channel 
opening in the upstream direction and receiving said sec 
ond composite ?anges. 

7. A stator vane assembly as de?ned by claim 6 includ 
ing a substantially cylindrical casing surrounding said 
row of vanes, said support means being an integral por 
tion of said casing. 

8. A stator vane assembly as de?ned by claim 7 in 
which said stressed member engages said casing to bias 
said ?rst and second composite ?anges against the radially 
inward surfaces of said ?rst and second annular channels 
respectively. 
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