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[5 7 ] ABSTRACT 
An annular cascade of variable setting vanes in a com 
pressor includes an annular row of vanes extending in 
ward from the case and mounted on shafts extending 
through the case, each vane having a disk engaging 
the case through a bushing. Additional bushings are 
provided between the shaft and the case and on the 
exterior of the case. A washer bearing against the ex 
terior bushing is held by a nut threaded onto the shaft 
and the nut is retained against rotation by a locking 
cup washer interlocked rotatively with the shaft. The 
washer and a vane actuating arm also interlocked ro 
tatively with the shaft are retained by a cap screw 
threaded into the outer end of the shaft. The interior 
of the case preferably has a circumferential recess to 
receive the interior bushings of all the vanes and the 
interior bushing for each vane is preferably of gener 
ally rectangular outline and of varying thickness to ac 
cord with the varying spacing between the disk and 
the cylindrical or conical interior surface of the recess. 

4 Claims, 5 Drawing Figures 
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VARIABLE VANES 
This invention was made in‘the course of work under 

a contract with the Department of Defense. 
My invention is directed to improvements in variable 

setting vane structures such as are used in turboma 

chines and, while capable of other uses, is particularly 
directed to the improvement of such structures in axial 
flow compressors. 
Many arrangements of variable setting vane cascades 

have been'proposed‘for compressors and other turbo 
machines. The purpose of‘ such‘is to adapt the opera 
tion of the machine to varying levels of flow. Examples 
which may be noted are described in US. patents as 
follows: Neumann No. 2,933,234, Apr. 19, 1960; Hall 
No. 2,972,441, Feb. 21, 1961I;‘Johns0n'No. 3,303,992, 
Feb. 14, 1967; and Mason No. 3,542,484, Nov. 24, 
1970. 
My invention is directed to providing a structure 

which is more feasible to manufacture and assemble 
and one which is more reliable and longer lasting in ser 
vice than those previously known. 
Features of my invention include a simple arrange 

ment by which one threaded fastener adjusts the tight‘ 
ness of the bushings'which serve as bearings for the ro 
tatable vane and another threaded‘ fastener cooperates 
with means to‘ lock the‘ first‘ threaded‘ fastener in posi 
tion and retains an actuating. arm‘ for the vane; and, 

' preferably, an improved arrangement‘ of the portion of 
the case confronting the vanes and‘ the bushings be 
tween that portion and‘ the vanes‘ to greatly simplify ma» 
chining of the compressor case. 
Other objects and‘advant‘ages of the invention-will‘be 

apparent to those skilled in‘the-art from the succeeding 
detailed description of preferred embodiments‘ of the 
invention. 
Referring to the drawings, 
FIG. 1 is a sectional view, taken in a plane containing 

the axis of rotation of the compressor, of a portion of 
a variable setting angle compressor vane arrangement. 
FIG. 2 is a fragmentary sectional view taken on the 

plane indicated by the line 2-2 in FIG. 1. 
FIG. 3 is a fragmentary cross-sectional‘ view taken on 

the plane indicated‘ by the line.3‘--3 in‘ FIG. 1. 
FIG. 4 is a fragmentary view taken on a‘ plane similar ‘ 

to that of FIG. 1 showing a‘ preferred arrangement of 
vane bushings. 
FIG. 5 is a fragmentary cross-sectional view of the 

same taken on the plane indicated by the line. 5-~5 in 
FIG. 4. _ ' -' a ' 

Referring to the drawings, FIG. 1 illustrates a portion 
of a compressor including a generally conical compres 
sor case 2 which, as is often the case, converges toward 
the high pressure or discharge end of the compressor. 
The compressor case includes a thickened section 3 de 
?ning a mounting ring or support for an annular cas 
cade of variable setting angle vanes 4. Each vane com 
prises an airfoil or fluid-directing portion 6, only a por 
tion of'which is shown, the vane in this case being pref 
erably cantilevered; that is, free from any positive sup 
port at its radially inner end. At the radially outer end 
of the span of the vane a‘ disk 7 integral with the vane 
bears against a bushing 8 mounted in a counterbore 10 
in the inner surface of the compressor case. The coun 
terbore is concentric with a bore 11 extending through 
the case, and speci?cally through the support portion 
3. The vane also includes a shaft 12 integral with the 
disk 7 which extends through the case. Shaft 12 in 
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2 
cludes ajournal portion 13 which is mounted in a cylin 
drical bushing or sleeve 14‘ ?tted within the bore 11. 
Bushing 14 may be split to provide for its installation 
on shaft 12. 
A washer-shaped outer bushing 15 is disposed be 

tween a ?at surface 16 on the exterior of the case and 
a thrust washer 18 disposed around the shaft 12. The 
shaft 12 has an outer threaded portion 19 of greater di 
ameter than the journal 13 but of slightly smaller diam’ 
eter than the bore 11 so that it can be inserted through 
the case. A nut 20 threaded onto‘the outer portion of 
the shaft is run down to tighten the nut against washer 
18 to produce the desired degree of tightness of ?t on 
the thrust bearings de?ned by disk 7 and bushing 8 and 
by surface 16 and bushing 15. These bushings, and also 
bushing 14, are of a resilient elastomeric material 
which has low surface friction such as a suitable variety 
of polyimide; for example, that sold by DuPont under 
the trademark “Vespel.” 
The extreme outer end‘ portion 22 of shaft 12 is 

milled away to provide ?ats 23 (FIG. 2) thus de?ning 
a portion of noncircular cross-section with‘ which a 
locking cup washer 24 cooperates so that the washer is 
nonrotatable on the shaft. An actuating arm 26 has a 
generally rectangular opening 27 which‘?ts on the non 
circular portion of the shaft so that the arm is nonrotat- ' 
able on the shaft. Preferably, the clearance between the 
opening and the flats is slight, the clearance being exag 
gerated for clarity in the drawings. A minimum of rela 
tive rotation between the actuating arm and shaft is 
preferable. , 

The shaft portions 19 and 22 have a threaded internal 
- bore 28 which receives a cap screw 30. This cap screw, 
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acting through a washer 31, presses on arm 26 when 
tightened and thus presses the locking cup washer 24 
down onto the hexagon‘ nut 20. The washer thus has an 
interference ?t with the comers of the nut to lock the 
nut 20 against rotation. This particular locking struc 
ture is the subject matter of my copending application 
for Locking Cup Washer, Ser. No. 257,885, ?led May 
30, 1972, of common ownership with this application, 
which may be referred to if needed for a more detailed 
explanation of the locking function of the cup washer 
24. 
Thus, nut 20 determines the proper tightness of the 

bearings which support the vane 4 and the cap screw 
30 serves to retain the actuating arm 26 and to lock the 
nut 20 against changes in its position. 

In the structure illustrated in FIGS. 1 and 3, the inner 
bushing 8 is lodged in a circular counterbore or spot ‘ 
face 32 concentric with the bore 11, one such counter 
bore being provided for each vane. The disk 7 rotates 
wihin the counterbore with some radial clearance. The 
counterbore arrangement of FIGS. 1 and 3 to receive 
the bushing 8 is generally similar to prior art disclo 
sures. It has the practical disadvantage that it is a slow 
and expensive operation to machine the very consider~ _ 
able number of counterbores required for the vanes of 
a stage of a typical compressor. 
FIGS. 4 and 5 illustrate a structure which, while oth 

erwise similar to the previously described, adopts a dif 
ferent arrangement of the interior of the compressor 
case and the inner bushing to avoid such expensive ma 
chining. In the structure of FIG. 4, parts corresponding 
to those previously described are marked with identical 
numerals. In this structure, the case 42 has a mounting 
ring or support 43 de?ning the outer ?at surface 16 and 
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bore 11 as previously described. The airfoil 6‘, disk 7, 
and shaft 12 may be as previously described. Bushings 
l4 and 15 may also be as in the other form. The differ 
ence lies in the fact that the interior of the case has a 

continuous circumferential recess 44 which is slightly 
undercut at its forward and rear ends to provide 
grooves 46 and 47 which extend circumferentially. In 
its preferred form, the inner bushing is made up of units 
48 of generally rectangualr cross section which have 
central holes 50 for the bushing 14 and which occupy 
the entire width of the counterbore so as to have the 
edges received within the grooves 46 and 47. The bush 
ings 48 have exterior surfaces corresponding to the cy 
lindrical contour of the recess 44 and interior surfaces 
which are flat to mate with the outer surface of the disk 
7 on the vane. The bushings may have-?anges 51 at 
their mutally adjacent ends. As will be apparent, the 
machining of the recess 44 can be a single turning oper 
ation in a boring mill or the like, which is a great deal 
easier and quicker to accomplish than provision of an 
individual counterbore 10 at each vane location. Since 
the bushings are molded of a suitable plastic material, 
it is a very simple matter to mold them to the desired 
shape. 

If desired, a single integral strip may de?ne a number 
. of bushings 48, being provided with holes 50 at each 
vane position. . 

The assembly of the vanes into the case is very sim 
ple; the bushings 14 are disposed around the portion 13 
of shaft 12 and the inner bushings 8 or 48 are laid 
against the outer surface of the disk 7 or inner surface 
of thecase. The shaft is then inserted through the case 
from the inside and outer bushing 15 and washer 18 are 
applied. Then nut 20 is tightened to provide the desired 
degree of tightness of the bushings. It will be under 
stood that it is desired to minimize leakage and at the 
same time not to create undue resistance to rotation of 
the vane shafts. When this adjustment is completed, the 
washer 24, arm 26, and washer 31 are put in place and 
screw 30 is tightened to hold these properly assembled. 
At the time of this assembly, the arms 26 are prefera 

bly already coupled to a unison ring 60 by which the 
arms 26 are rotated in unison to adjust the vanes 4 con 
currently. ‘ j 

The preferred structure for connecting each arm v26 
to ring 60 comprises a spherical bearing 62, the outer 
member of which is fixed to the outer end of arm 26 
and the inner member of which is supported in the ring 
60 by a hollow rivet 63, the ends of which are expanded 
into conical holes 64 in the channel section ring 60. A 
washer 66 may be provided‘ to take up clearance be 
tween the inner member of bearing 62 and the unison 
ring 60. The ring 60 may‘ be rotated about the axis of 
rotation of the compressor by any suitable mechanism, 
which need not be described here. 
The advantages of the described structures, particu 

larly that of FIGS, 4 and 5, over prior art structure 
should be apparent to those skilled in the art. 
The detailed description of the preferred embodi 

ment of the invention for-the purpose of explaining the 
principles thereof is not to be considered as limiting or 
restricting the invention, since many modi?cations may 
be made by the exercise of skill in the art. 

I claim: 
1. A variable setting vane arrangement for a ?uid dy 

namic machine comprising, in combination, an annular 
support; an annular cascade of vanes extending from 
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4 
the support, each vane including a disk at one end of 
the vane and a shaft extending from the disk in a direc 
tion spanwise with respect to the vane; the support hav 
ing a ring of through holes and the shafts extending 
through the holes, the disks being on one side of the 
support; an abutment adjustable axially of the shaft 
threaded on each shaft on the other side of the support; 
bushing means disposed between the support and the 
disk, the shaft, and the abutment; locking means 
mounted on the shaft engageable with the abutment to 
hold the abutment against rotation; an actuating arm 
mounted on the said shaft portion operable to rotate 
the shaft to vary vane settingand engaging the locking 
means to retain the locking means; and a fastener se 
curing the arm to the shaft. 

2. A variable setting vane arrangement for a ?uid dy 
namic machine comprising, in combination, an annular 
support; an annular cascade of vanes extending from 
the support, each vane including a disk at one end of 
the vane and a shaft extending from the disk in a direc 
tion spanwise with respect to the vane; the support hav~ 
ing a ring of through holes and the shafts extending 
through the holes, the disks being on one side of the 
support; an abutment adjustable axially of the shaft 
threaded on each shaft on the other side of the support; 
resilient antifriction bushing means disposed between 
the support and the disk, the shaft, and the abutment; 
each shaft including a portion of noncircular cross-‘ 
section at the opposite side of the abutment from the 
support; locking means mounted on the shaft engage 
able with the said shaft portion and the abutment to 
hold the abutment against rotation; an actuating arm 
mounted on the said shaft portion operable to rotate 
the shaft to vary vane setting and engaging the locking 
means to retain the locking means; and a fastener se 
curing the arm to the shaft. 

3. A variable setting vane arrangement for a ?uid dy 
namic machine comprising, in combination, an annular 
support; an annular cascade of vanes extending from 
the support, each vane including a disk at one end of 
the vane and a shaft extending from the disk in a direc 
tionspanwise with respect to the vane; the support hav 
ing a'ring of through holes and the shafts extending 
through the holes, the disks being on one side of the 
support; an abutment adjustable axially of the shaft 
threaded on each shaft on the other side of the support; 
resilient antifriction bushing means disposed between 
the support and the disk, the shaft, and theabutment; 
each shaft including a portion of noncircular cross 
section at the opposite side of the abutment from the 
support; locking means mounted on the shaft engage 
able with the said shaft portion and the abutment to 
hold the abutment against rotation; an actuating arm 
mounted on the said shaft portion operable to rotate 
the shaft to vary vane setting and engaging the locking 
means to retain the locking means; a fastener securing 
the arm to the shaft; the said disks having a surface nor 
mal to the axis of the shaft confronting the support and 
the support having a circumferential recess de?ned in 
part by a continuous surface of revolution confronting 
the disks; and the bushing means including portions of 
generally rectangular outline disposed in the recess of 
thickness varying with the variation of clearance be 
tween each disk and the said surface of revolution. 

4. A variable setting vane arrangement for a ?uid dy 
namic machine comprising, in combination, an annular 
support; an annular cascade of vanes extending radially 
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from the support, each vane including a disk at one end 
of the vane and a shaft extending from the disk in a di 
rection spanwise with respect to the vane; the support 
having a ring of through holes and the shafts extending 
through the holes, the disks being on one side of the 
support; bushing means disposed between the support 
and the disk; and an actuating arm mounted on the 
shaft operable to rotate the shaft to vary vane setting; 
the said disks having a surface normal to the axis of the 
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6 
shaft confronting the support and the support having a 
cirucmferential recess defined in part by a continuous 
surface of revolution confronting the disks; and the 
bushing means including portions of generally rectan 
gular outline disposed in the recess of thickness varying 
with the variation of clearance between each disk and 
the said surface. 


