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(57) ABSTRACT

A multi-stage axial compressor incorporating a counter-rota-
tional movement 1s provided with a series of rotors mounted
along and driven by a driveshatt, and a geared counter-rotat-
ing outer casing. A planetary gear system 1s assembled along
a static casing, which can be assembled as a forward or aft
casing for the compressor. The bearings of the planetary gear
system typically will be aligned concentrically with a center
rotor drum assembly mounted along the single driveshatt.
The counter-rotating drum assembly will be assembled over
the rotor drum assembly and will be engaged by the forward
and aft casings so as to provide for counter-rotation of
selected ones of the rotors driven by the driveshaft of the

COINPIressSor.




US 2013/0223984 Al

Aug. 29,2013 Sheet 1 of 12

I
7

AN R L&
. AN

_ \ 12\ 8z NC ﬂm.m./ ; @.l.\, .um.vw.ﬁfgx O}
,,,,,,,,,,,,,,, ] lAmaln e B

/

-
o

|
A
SN

Patent Application Publication




US 2013/0223984 Al

¢ "DBTA

Aug. 29,2013 Sheet 2 of 12

Patent Application Publication

SAIISA G

i
4

M o

L

_ N .
AT PP

ﬁ":

:‘ﬁ'f

—

4
‘55-,
%
-
M
t'-"r ," '

ﬁs
208

. %
&

iy
o

A

|\\. i

~ -
Ve
8

LG

LE

8¢

144



US 2013/0223984 Al

Aug. 29,2013 Sheet 3 of 12

Patent Application Publication

NOILV10d ON




Patent Application Publication  Aug. 29,2013 Sheet 4 of 12 US 2013/0223984 Al

Fig. 5

Fi1g. 4




Patent Application Publication  Aug. 29, 2013 Sheet 5 of 12 US 2013/0223984 Al




US 2013/0223984 Al
)
o
-
LL.
O
o
1
LL.

ch/LblL -

Aug. 29,2013 Sheet 6 of 12

0L/6 S

02

—
-
ﬁ
o~
—
=
—
-w
—
A=
= \ 19
-
£
.
'
—
a®
'
o~
-»

Oc




US 2013/0223984 Al

Aug. 29,2013 Sheet 7 of 12

Patent Application Publication




Patent Application Publication  Aug. 29,2013 Sheet 8 of 12 US 2013/0223984 Al

14

F1g.

13

F1d.

12

Fi1g.




US 2013/0223984 Al

Aug. 29,2013 Sheet 9 of 12

Patent Application Publication




Patent Application Publication  Aug. 29, 2013 Sheet 10 of 12 US 2013/0223984 Al

18

F1Q.




US 2013/0223984 Al

Aug. 29,2013 Sheet 11 of 12

Patent Application Publication

6l

DT 4

90c

8t

B

lcc zeN|G1 “.,

AR

\ 9232 .wmmv

c
(Y4
172 / ,,\i
SO Dk

\
I

.ﬁﬁrﬁﬂﬂr

- 1 w,\ "
RN Jm/wu
T &S u, >

Vvv



US 2013/0223984 Al

Aug. 29,2013 Sheet 12 of 12

Patent Application Publication

0c "PTS

vii

\ha



US 2013/0223984 Al

MULTI-STAGE AXIAL COMPRESSOR WITH
COUNTER-ROTATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 61/600,002 filed on Feb.
177, 2012 and US. Provisional Patent Application Ser. No.

61/600,006 filed on Feb. 17, 2012. The specification and
drawings of the provisional patent applications are specifi-
cally incorporated by reference herein.

FIELD OF THE INVENTION

[0002] Embodiments of the invention generally relate to
axial compressors, and, more particularly, to axial compres-
sOrs icorporating counter-rotating stages capable of being
operated oif a single driveshaft.

BACKGROUND

[0003] Axial compressors generally are designed to pro-
duce a substantially continuous flow of compressed gas or
intake air passing therethrough to boost the power of gas
turbine engines, such as jet engines for aircraft, high-speed
ship engines, as well as some automotive reciprocating
engines. In general, most axial compressors will include a
series of airfoils, vanes or blades arranged in stages that
include pairs of rotating and stationary airfoils. As an air flow
enters the 1inlet of the compressor, the rotating airfoils (rotors)
drive the air forwardly through the compressor, increasing the
kinetic energy thereof, while the stationary or static airfoils
(stators) diffuse the increased kinetic energy of the air flow
passing thereover, causing a rise 1n pressure of the air tlow. As
a result, the pressure of the axial air flow through the com-
pressor 1s significantly increased as 1t passes through multiple
stages of the compressor.

[0004] However, the pressures and efficiencies provided by
axial compressors can be limited by size and weight of the
compressor. For example, in military jets where minimizing
compressor size and weight 1s critical to provide a lower
profile, higher stage pressure ratios generated by such smaller
compressors typically are provided at the expense of reduced
compressor efliciency, especially as airtlow speeds approach
high Mach numbers. Attempts have been made to design
compressors with counter-rotation to try to increase the eifi-
ciency of axial compressors. The problem with such counter-
rotating compressors has traditionally been that the blades of
such counter-rotating compressors generally have been
required to be on different driveshaits, which adds to the
welght and complexity of the compressors, as well as poten-
tially creating problems with synchronizing the operation of
the counter-rotating blades, which further increases with an
increased number of stages of the compressor.

SUMMARY

[0005] The embodiments disclosed are directed to axial
compressors, and, more particularly, to axial compressors
incorporating counter-rotating stages capable of being oper-
ated off a single driveshatt.

[0006] In one embodiment, a multi-stage axial compressor
for counter rotation 1s provided. The axial compressor
includes a driveshatt; a first series of rotor blade assemblies
mounted on and rotating with the drive shaft, each rotor blade
assembly comprising a rotating stage of the multi-stage axial
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compressor; and a second series of rotor blade assemblies
mounted on the drive shaft, each rotor blade assembly com-
prising a counter-rotating stage of the multi-stage axial com-
pressor and connected to the first series of rotor blade assem-
blies by at least one planetary gear assembly for causing
counter-rotation of the second series of rotor blade assem-
blies.

[0007] In another embodiment, a multi-stage axial com-
pressor for counter rotation and having stator vanes 1s pro-
vided. The axial compressor includes a driveshait; a first
series of rotor blade assemblies mounted on and rotating with
the drive shatt, each rotor blade assembly comprising a rotat-
ing stage of the multi-stage axial compressor; a second series
of rotor blade assemblies mounted on the drive shaft, each
rotor blade assembly comprising a counter-rotating stage of
the multi-stage axial compressor and connected to the first
series of rotor blade assemblies by at least one planetary gear
assembly for causing counter-rotation of the second series of
rotor blade assemblies:; and a series of stator vanes each stator
vane arranged between a rotor blade assembly from the first
series and a rotor blade assembly from the second series of
rotating rotor blade assemblies.

[0008] In a further embodiment, a method 1s provided for
assembling an axial compressor with counter-rotation of a
plurality of rotor blade assemblies. A plurality of hubs 1s
mounted over a compressor driveshait between fore and aft
mounting collars. A plurality of spaced apart rotating rotor
blade assemblies 1s mounted on the plurality of hubs between
the fore and ait mounting collars to form a compressor drum.
A sun gear 1s mounted on the driveshait at a fore end and at an
alt end of the compressor drum, each sun gear including a
series of inwardly facing keyed passages of locking recesses
adapted to recerve projecting locking members or keys of the
fore and aft mounting collars. Forward and aft structural
support casings are assembled, including at least one plan-
ctary gear assembly. The forward and aft structural support
casings are mounted on the driveshatt with bearings being
inserted between the forward and aft support casings and the
fore and aft ends of the compressor drum. A plurality of
counter-rotating rotor blade assemblies 1s mounted over the
compressor drum, each counter rotating blade assembly
including a series of rotor blade structures ailixed to a
counter-rotating case shell, the counter rotating blade assem-
blies being inserted between the spaced rotating rotor blade
assemblies to form a center counter-rotating drum over the
compressor drum. The counter-rotating drum 1s affixed to a
fore rotor blade assembly and an aft rotor blade assembly to
form an assembled counterrotating inner casing of the axial
compressor. A static outer shroud 1s formed of the outer
casing by assembling opposed outer static casing shells. The
static outer shroud 1s mounted over the counter-rotating inner
casing to complete the assembly of the axial compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other advantages and aspects of the
embodiments of the disclosure will become apparent and
more readily appreciated from the following detailed descrip-
tion of the embodiments taken 1n conjunction with the accom-
panying drawings, as follows.

[0010] FIG. 1 1s side elevational view, taken 1n cross sec-
tion, of one embodiment of an N-stage axial compressor with
counter-rotation utilizing a single transmission drive system.
[0011] FIG. 2 1s a side elevational view, taken 1n cross-
section, 1llustrating another embodiment of the N-stage axial
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compressor with counter-rotation incorporating a dual trans-
mission system for counter-rotation.

[0012] FIG. 3 1s an end cross-sectional view of an axial
compressor according to one embodiment.

[0013] FIGS. 4-7 are perspective views schematically 1llus-
trating the assembly of a compressor drum of the axial com-
pressor on the driveshatit of the compressor 1n an exemplary
embodiment.

[0014] FIGS. 8 and 9 are perspective views schematically
illustrating the assembly of planet gears to the static casing of
the axial compressor 1n an exemplary embodiment.

[0015] FIGS. 10 and 11 are perspective views schemati-
cally illustrating the assembly of the forward casing and the
alt, static casing on the driveshaft, with the forward and aft
casings being aligned concentrically with the rotor drum
assembly mounted on the driveshaft 1in an exemplary embodi-
ment.

[0016] FIGS. 12-16 are perspective views illustrating the
assembly of counter-rotating casings and center counter-ro-
tating drum assembly formed by the mounting of the casings
about the rotor drum assembly of the compressor 1n an exem-
plary embodiment.

[0017] FIGS. 17 and 18 schematically illustrate the assem-
bly and mounting of outer static casings over the center
counter-rotating drum assembly illustrated in FIGS. 12-16, to
complete assembly of the N-stage axial compressor with
counter-rotating capability.

[0018] FIG. 19 1s a side elevational, view taken 1n cross-
section, ol one embodiment of a five-stage compressor with
sequential counter-rotation and stator vanes 1n an exemplary
embodiment.

[0019] FIG. 20 1s a side elevational, view taken 1n cross-
section illustrating the upper and lower sections of the com-
pressor of FIG. 19 on either side of the driveshalt in an
exemplary embodiment.

DETAILED DESCRIPTION

[0020] The following detailed description 1s provided as an
enabling teaching of several embodiments of the mvention.
Those skilled 1n the relevant art will recognize that many
changes can be made to the embodiments described, while
still obtaining the beneficial results. It will also be apparent
that some of the desired benefits of the embodiments
described can be obtained by selecting some of the features of
the embodiments without utilizing other features. Accord-
ingly, those who work 1n the art will recognize that many
modifications and adaptations to the embodiments described
are possible and may even be desirable in certain circum-
stances. Thus, the following description 1s provided as 1llus-
trative ol the principles of the invention and not 1n limitation
thereol, since the scope of the mvention i1s defined by the
claims.

[0021] Referring now to the drawings in greater detail 1n
which like numerals indicate like parts throughout the several
views, FIGS. 1 and 2 generally 1llustrate examplary embodi-
ments of an N-stage axial compressor with counter-rotation.
FIG. 1 1llustrates a first embodiment of the axial compressor
1' including a first planetary gear system 11 for driving
counter-rotation of selected ones of a series of rotor blade
assemblies 26/28 indicated as including blades labeled S21
and Sr 1n FIGS. 1-2, with respect to a single main or primary
driveshait 13. FI1G. 2 1llustrates a second examplary embodi-
ment of the axial compressor 1 including first and second
planetary gear assembly systems 11 and 12, designed to pro-
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vide a dual drive transmission to the axial compressor. In both
of the 1llustrated examplary embodiments of the N-stage axial
compressor, counter-rotation of selected ones of the rotor
blade assemblies 26/28 1s provided with all of the rotor blade
assemblies, including the rotor blade assemblies being driven
in a counter-rotation, being driven by a single driveshait 13.

[0022] Asillustrated in FIGS. 1 and 2, the axial compressor

1/1' generally will include a rotating inner casing 6 that 1s
connected to alternating ones of the rotor blade assemblies 3
such as by connectors, indicated at 4 and 5. The connectors
can include various types of fasteners including bolts, rivets,
etc., and further can comprise seals 7 on the outer sides of
cach of the fasteners 4 and S, 1.e., upstream of fastener 4 or
downstream of fastener 5. The inner casing further 1s sup-
ported by fore and aft or inlet and outlet structural support
casings 16 and 17 mounted adjacent inlet and outlet guide
vanes 10 and 9 of the axial compressor 1, which are mounted
at the upstream and downstream ends of an air flow path 44
extending through the axial compressor from an inlet 40 to a
reduced diameter outlet 41. The structural support casings 16
and 17 can include single cast disks including a desired num-
ber, “N.,” of spokes 18 as shown 1n FIG. 3, and can be rotatably
supported on the drive shait 13 by a bearing assembly, as
indicated at 15 i FIGS. 1-2. The structural support casings
can include varying numbers of spokes, with there being five
spokes 18 1llustrated 1n FIG. 3 solely for purpose of illustra-
tion, and with 1t being understood by those skilled 1n the art
that greater or fewer spokes also can be used. The spokes
further can be aligned at substantially any degree of angle,
and are shown 1n the example embodiment of FIG. 3 as being
at a substantially 45° angle as will be understood by those
skilled 1n the art.

[0023] The spokes 18 generally can be cast with an outer
support ring or frame 22, which can be connected to the inner
casing 6 by fasteners such as rivets, bolts, etc., and terminate
at an 1nner frame member 19 which connects to one of the
planetary gear assemblies so as to be rotated by operation or
rotation of the planetary gears as indicated in FIG. 3. In this
embodiment, the mmner frame member 19 generally will
include a ring gear 63 either formed with or attached thereto
for engaging the planetary gears 20 of the planetary gear
assembly. Alternatively, the support disks, rather than being
cast disks 1including a series of spokes, can comprise a series
of air fo1l blades 23 mounted between inner and outer circular
frame members, as illustrated in FIG. 8. In such embodiment,
the inner frame member 19 of the support disk will be con-
nected to the ring gear and spacer by fasteners (not shown),
with the ring gear fitting over and engaging the gears 20 of the
planetary gear assembly 11/12, as indicated 1n FIG. 9.

[0024] A stationary outer casing 25 will be provided over
the rotating 1nner casing 6, covering and substantially sealing
the inner casing therein. The outer casing generally includes
stationary or fixed 1nlet guide vane 10 mounted at the inlet or
upstream end 40 of the axial compressor 1, and a stationary or
fixed 1n place outlet guide vane 9 mounted at the downstream
or discharge end 41 of the tlow path 44 of the compressor. The
outer casing includes an outer shroud 26 which covers the
rotating 1nner casing, with optional bearings 42 and 43
located therebetween to maintain the spacing between and
support the stationary outer casing on the rotating inner cas-
ing. The outer shroud further 1s connected to the inlet and
outlet guide vanes 10/9 such as by fastener assemblies as
indicated at 27 in FIGS. 1 and 2. The stationary inlet and
outlet gmide vanes guide the 1nlet and outlet airtlows 44/45
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passing therethrough and further assist 1n passing a structural
load of the outer casing to lower support members or legs 31
and 38. The support members of the outer casing are sup-
ported on the driveshatt 13, typically by bearing assemblies
14 and 33 which enable the rotation of the driveshaft while
providing a load support for the outer casing, which forms the
primary structure for holding the axial compressor in one
piece and further provides attachment for connection to other
engine components.

[0025] As further 1llustrated 1n FIGS. 4-7, a series of rotat-
ing/counter-rotating rotor blade assemblies or blisks 2 and 3
will be assembled and mounted on the driveshalt 13, with
cach of the rotor blade assemblies including a series or sets of
air fo1l or rotor blades 35 mounted 1n spaced series about a
hub or central frame member 36 adapted to fit over and be
supported on the driveshait 13 as indicated in FIGS. 4-7.
Alternating ones of the rotor blade assemblies 2 can be aflixed
to the driveshailt so as to rotate with and 1n a direction of the
rotation of the driveshait 13, while the interveming ones of the
rotor blade assemblies 3 can be connected to and adapted to
rotate 1n the opposﬂe direction with the counter-rotation of
the mner casing. With the design of the axial compressor,

there can be varying or “N” numbers of stages each including,
a rotating and a counter-rotating rotor blade assembly 2/3.

[0026] As 1llustrated 1n FIGS. 4-16, a series of the rotor
blade assemblies 2 mnitially are assembled on the driveshait
13. As stated above, while a series of three rotor blade assem-
blies 2A-2C are illustrated as being assembled on the drive-
shaft, 1t will be understood by those skilled 1n the art that
greater or fewer numbers of rotor blade assemblies can be
mounted on the main driveshaft 13 so as to define or make up
the compressor drum 50 of the axial compressor 10 as 1llus-
trated 1n FIGS. 5 and 7. As indicated in FIG. 4, a center rotor
blade assembly 2A can be mounted on fore and ait hubs 51
and 52 that are attached to the driveshatt 13 between fore and
ait collars or supports 53 and 54, with fore and ait rotor blade
assemblies 2B/2C further being fixed to the fore and aft
collars so as to fixedly mount the rotor blade assemblies
2A-2C to the driveshait. Once the rotor blade assemblies
2A-2C making up the compressor drum 50 of the axial com-
pressor are assembled on the driveshatt, sun gears 56 and 57
generally will be mounted on the driveshaift at the upstream
and downstream or fore and aft ends of the compressor drum
as shown 1 FIG. 6. The sun gears 56 and 57 generally will
include a series of inwardly facing keyed passages or locking
recesses 38 adapted to receive projecting locking members or
keys 59 of the fore and aft mounting collars to help secure the
sun gears on the main driveshaft and to the fore and ait rotor

blade assemblies 2B/2C of the compressor drum.

[0027] As previously noted, static and counter-rotating for-
ward and aft structural support casings 16 and 17 thereafter
are assembled, including one or more planetary gear assem-
bly systems 11/12 for driving the counter rotation of the inner
casing being mounted thereon, as illustrated 1in FIGS. 8 and 9.
As an mutial step, a series of planetary gears 20 1s assembled
to the static case 61 of the inlet or outlet guide vanes 10/9 after
which a bearing 62 and ring gear 63 are assembled over the
planetary gears 20, with the teeth 64 of the ring gear in
operative engagement with the teeth 21 of the planetary gears.
Thereatter, a counter-rotating blisk or rotor blade assembly
3A/3B of the counter-rotating inner case 1s aligned with and
assembled onto each ring gear to complete the assembly of
the forward and aft structural support casings 16/17 sections
of the mmner casing. Generally, as indicated 1n FIG. 8, each
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counter-rotating rotor blade assembly 3A-3C will have sub-
stantially the same construction as the rotor blade assemblies
2A-2C (FIGS. 4-7). As 1illustrated 1n FIGS. 10 and 11, the
forward and ait structural support casings thereafter are
received on the driveshaft 13, with bearings 66 being imnserted
between the forward and aft structural support casings 16/17
and the fore and aft ends of the compressor drum 350. The
respective planetary gears 20 of the forward and att structural
support casings 16/17 are aligned with and engage the teeth of
the sun gears mounted to the fore and ait ends of the com-
pressor drum.

[0028] Thereatter, counter-rotating rotor blade assemblies
3C/3D are constructed and mounted over the compressor
drum 50 of the axial compressor as illustrated 1n F1GS. 12-16.
The counter-rotating rotor blade assemblies 3C/3D each will
include a series of rotor blade structures 71 affixed to a
counter-rotating case shell 72, such as by being inserted into
grooves 73 mto which the rotor blade structures can slide or
otherwise be aflixed, indicated 1n FIGS. 12-14. The counter-
rotating casing shells, with their rotor blade assemblies
mounted therein, are thereaiter assembled over the compres-
sor drum, with the counter-rotating rotor blade assemblies
3C/3D being inserted between the spaced rotor blade assem-
blies 2A-2C of the compressor drum, as indicated 1n FI1G. 15,
thus defining or forming a center counter-rotating drum 73
over the compressor drum. This counter-rotating drum further
generally will be affixed to the forward and aft rotor blade
assemblies 2A/2B to complete the assembly of the counter-
rotating inner casing 6 of the axial compressor 1. Thereatfter,
opposed outer static casing shells 80, forming the static outer
shroud 26 of the outer casing, generally will be mounted over
the counter-rotating inner casing to complete the assembly of
the axial compressor with counter-rotation, as illustrated in

FIGS. 1, 2, 17 and 18.

[0029] In operation of the N-Stage axial compressor 1, the
drive shaft 13 may be torqued by a turbine assembly associ-
ated with i1t or by a starter generator assembly to start the
engine and cause the shaft 13 to rotate 1n a clockwise direction
in FIGS. 1 and 2. The flanged sun gears in FIG. 1 and i FIG.
2 mounted on the drive shaft 13 rotate an assembly of plan-
ctary gears 20 1n a counter-clockwise direction. The planetary
gears 20 1n turn rotate the fore and/or ait structural support
casings 16/17 of the inner casing 6 counter-clockwise. This
mechanism accordingly causes the rotor blades of the rotor
blade assemblies 2 attached to shatt 13 to rotate 1n a direction
opposite to the rotor blades of the rotor blade assemblies 3
attached to the inner casing. The rotation/counter-rotation of
these rotor blade assemblies 2/3 can be controlled by adjust-
ing the gear ratios of the planetary gear systems. Depending
on operating conditions, the stagger angle of the inlet and
outlet guide or stator vanes 10, 9 also can be varied to accom-
modate and/or enable changes 1n the acrodynamics thereof as
needed or desired for the compressor operating conditions.
Additionally, the direction of rotation of the shaft used in the
above explanation need not be clockwise; 1t can also be
adapted to counter clockwise rotating shaft machines, which
in turn will rotate the planetary gear system 1n a clockwise
direction.

[0030] Inother embodiments, FIGS. 19-20 generally 1llus-
trate an axial compressor 35A with counter-rotation and the
incorporation of stationary/stator vanes or airfoils. In the
embodiments 1llustrated, a solution 1s presented for imple-
menting sequential counter-rotation in a multi-stage axial
compressor, here shown as a five-stage compressor 55 A, and
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which, as noted, further incorporates a series of stator vanes
S1-S4 as a part of the stages of the compressor, which stator
vanes can help 1n the management of high tip Mach numbers
and incidence angles generally associated with counter-rota-
tion compressor systems. In the illustrated embodiments, the
counter-rotation for the axial compressor S5A 1s achieved
using a single driveshaft 13, typically being driven or torqued
by a turbine (not shown) associated with the compressor as
part of an engine, such as for aircratt.

[0031] Asillustrated in FIGS. 19 and 20, the axial compres-
sor S5A generally includes an elongated, tubular body 1'
having a static outer casing or shell that surrounds and
extends along the driveshatt 13 about a central axis 206. As
indicated 1 FIG. 20, flow paths 44A and 44B are defined
through the compressor on opposite sides ol the driveshait 13,
with each of the flow paths extending from an inlet 208 along
an inwardly tapering path to an outlet or discharge end 209,
along which the flow of air moving along such pathways 44 A
and 44B 1s compressed by the axial compressor so as to
increase the pressure thereof as the airtlow passes through
multiple stages 10A-10E of the compressor S5A.

[0032] The static case 1' of the compressor further typically
includes fore and aft flanges 27 which can be mounted or
tformed with the compressor casing or shell. These fore and aft
flanges 27 assist 1n the connection of the compressor to other
engine components, such as an itermediate pressure coms-
pressor (IPC), diffuser/combustor and other engine compo-
nents C, as will be understood by those skilled 1n the art. The
flanges 27 further can connect and secure an 1nlet stator guide
vane 10 and an outlet stator guide vane 9, respectively, at the
fore (1nlet) 208 and aft (outlet) ends 209 of the compressor.
The inlet and outlet guide vanes generally will be substan-
tially fixed in place and typically will be oriented at a desired
stagger angle selected to meet desired operating conditions of
the compressor, and 1t will be understood that such stagger
angles for the inlet and outlet guide vanes further can be
varied as needed depending upon the desired operating con-
ditions of the compressor.

[0033] As further 1llustrated 1n FIGS. 19 and 20, a series of
stator vanes S1, S2, S3 and S4, 1n addition to the inlet and
outlet guide vanes 10/9, generally can be fixedly mounted to
the static case 1' so as to likewise be 1n a static or fixed
mounting. These stator vanes S1-S4 further are shown as
being arranged between a first and second series of rotating,
and counter-rotating airfoil assemblies 221 and 222. For
example, 1n the embodiment illustrated 1n FIGS. 19 and 20,
cach second or counter-rotating airfoil assembly 222 1is
arranged at spaced intervals from adjacent areas of the first,
rotating assemblies 221, and 1s separated from the adjacent
rotating airfoil assemblies by one of the stator vanes S1-S4.
The stator vanes generally will be oriented at varying stagger
angles as needed depending upon the operating conditions for
the compressor, and defining multiple stages of the compres-

SOr S5A.

[0034] In the illustrated embodiments, the compressor
driveshait 13 generally will be connected directly to each of
the first, rotating airfoil assemblies 221 so as to directly drive
these first airfoil assemblies 221 1n the same direction as the
rotation of the driveshait. For example, if the driveshailt 1s
driven 1n a generally clockwise direction, the first, rotating
airfo1l assemblies 221 likewise will be driven 1n a clockwise
direction, whereas 1f the driveshaft i1s rotated in a counter-
clockwise direction, the first airfoi1l assemblies 221 generally
will also be drniven 1n a counter-clockwise direction. The
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second series or set of airfoil assemblies 222 are provided as
counter-rotating airfoil assemblies, and will be rotated 1n an
opposite direction to the first series or set of rotating airfoil
assemblies 221 and the driveshaft 13, 1n response to the
rotation o the driveshatt. This second series or set of counter-
rotating airfoi1l assemblies 222 further can be rotated at dii-
ferent or varied speeds with respect to the first series of
rotating airfoil assemblies 221.

[0035] As FIGS. 19 and 20 further illustrate, the rotating
vane or airfoil assemblies 221 each generally include an
airfoi1l blade or vane 2235 arranged at a desired stagger angle
and attached to or formed with an inwardly projecting support
member or disk 226. Each of the inwardly projecting support
members or disks 226 of the rotating airfoil assemblies 221
further can be attached either directly or via a connector leg
227 to the driveshatt 13, such as by fasteners 228, such as
rivets, bolts, or by welding, etc. so as to be directly driven by
the rotation of the driveshaft. For example, as indicated in
FIGS. 19 and 20, the support members or disks 226 for the
blades or vanes 225 of the rotating airfoil assemblies 221 can
be attached via fasteners 228 such as rivets, bolts or other
fastening means, as will be understood by those skilled in the
art so as to aifix the support disks directly to the driveshatt 13.
Alternatively, the support disks 226 of the rotating airfoil
assemblies 221 could be integrally formed with the drive-
shaft, such as by extrusion, or could be otherwise fixedly
secured to the driveshalt by welding, etc.

[0036] As additionally shown 1n FIGS. 19 and 20, the sec-
ond or counter-rotating airfoil assemblies 222 generally will
be indirectly connected or linked to the driveshait 13 by
epicyclic gear assemblies 11 1n order to drive the counter-
rotating airfoil assemblies 222 1n an opposite direction
counter to the rotation of the driveshatt 13 and rotating airfoil
assemblies 221. Fach of the counter-rotating airfoil assem-
blies 222 can have a similar design and/or construction to that
of the rotating airfoil assemblies 221, including an airfoil
blade or vane 231, connected to an inwardly extending or
projecting support member or disk 232. Generally, each of the
counter-rotating airfo1l assemblies further will include a ring
gear 32 that can be attached directly to the support disks 232
tfor the airfo1l blades 231, such as by fasteners 234, welding,
etc., as indicated 1n FIG. 19, or alternatively can be indirectly
attached to a support member or disk 232 of the airfoil assem-
blies by a secondary leg or support 32. Generally each of the
ring gears 32 1s recerved between a bearing 15 and a planetary
gear 20 of their respective epicyclic gear assemblies 11.

[0037] As further illustrated 1in FIGS. 19-20 at points 238
and 239, the driveshatt 13 forms or includes a sun gear where
the planetary gears 20 of each of the epicyclic gear assemblies
11 engage the driveshait 13. Fach of the planetary gears 1s
shown as being rotatably mounted on a shaft 241, which 1s 1n
turn connected to one of the stator vanes S1/84 by load
bearing/support members 242 mounted to a base of each of
the stator vanes. The bearings 15 of each of the epicyclic gear
assemblies 11 are mounted/recerved between the ring gears
32 and the load support members 242 of the stator vanes, with
an additional bearing assembly, indicated at 247, being shown
connected to the foremost stator vane S1 by a support leg 246
and having a bearing 247 that can be engaged between the
driveshait 13 and the distal end 48 of the support leg 246. The
bearings 15 thus transier thrust loading from the counter-
rotating airfoil assembly disks 232 and the driveshatt 13, to
the stator vanes S1 and S4, which 1n turn can transfer the
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thrust loads to the static compressor casing 1' and away from
the rotating/counter-rotating airfoil assemblies.

[0038] In the embodiment illustrated 1n FIGS. 19 and 20,
the epicyclic gear assemblies 11 of the counter-rotating airfoul
assemblies 222 are illustrated as being arranged internally of
the fore and aft stator vanes S1 and S4. This can create a
difference 1n speed of rotation of the rotating and counter-
rotating airfoil assemblies 221 and 222, whereby the rotating,
airfo1l assemblies 221 are rotated at a faster rate than the
counter-rotating airfoil assemblies 222. Alternatively, the epi-
cyclic gear assemblies 11 can be arranged such that the drive-
shaft 13 can be connected to the ring gear 32, and the disk
assemblies 232 can be connected to the sun gear at points 238
and 239. In such an embodiment, the counter rotating airfoil
assemblies 222 can be caused to rotate faster than the rotating
airfo1l assemblies 221, allowing for flexibility in aerody-
namic design.

[0039] As a result, the structure of the embodiments dis-
closed 1n FIGS. 19-20 provides for an axial compressor that
incorporates sequential counter-rotation of selected airtfoil
blades/vanes, driven oil a single driveshatt, with the facility
ol mcorporating stator vanes that can assist 1n the manage-
ment and control of high tip Mach numbers and incidence
angles of the airflows passing through the compressor as can
occur with such counter-rotating structures. The disclosed
embodiments further provide greater flexibility to the design
of the compressor to enable faster or slower counter-rotation
as needed depending upon the design and operational require-
ments of the compressor and engine 1n which the compressor
1s employed. Accordingly, from an aerodynamic standpoint,
the rotating and counter-rotating airfoil assemblies can be
provided with their own speed or RPMs, enabling the custom
designing of a more optimal acrodynamic operation of the
compressor based upon desired/necessary performance
requirements, while from a mechanical standpoint, the use of
separate epicyclic gear assemblies driving each of the
counter-rotating airfoil assemblies enables the counter-rotat-
ing and rotating airfoil assemblies to be decoupled such that
if there 1s a problem with engine vibrations being transmitted
through the compressor, such vibrations will not be transmut-
ted to all the airfoil structures of the compressor.

[0040] The corresponding structures, materials, acts, and
equivalents of all means plus function elements 1n any claims
below are intended to include any structure, material, or acts
for performing the function 1n combination with other claim
clements as specifically claimed.

[0041] Those skilled in the art will appreciate that many
modifications to the exemplary embodiments are possible
without departing from the scope of the present invention. In
addition, 1t 1s possible to use some of the features of the
embodiments disclosed without the corresponding use of the
other features. Accordingly, the foregoing description of the
exemplary embodiments 1s provided for the purpose of 1llus-
trating the principles of the invention, and not 1n limitation
thereot, since the scope of the invention 1s defined solely by
the appended claims.

1. A multi-stage axial compressor comprising:
a driveshaft;

a first series of rotor blade assemblies mounted on and
rotating with the drive shaft, each rotor blade assembly
comprising arotating stage of the multi-stage axial com-
pressor; and

a second series of rotor blade assemblies mounted on the
drive shaft, each rotor blade assembly comprising a
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counter-rotating stage of the multi-stage axial compres-
sor and connected to the first series of rotor blade assem-
blies by at least one planetary gear assembly for causing
counter-rotation of the second series of rotor blade
assemblies.

2. The multi-stage axial compressor of claim 1 further
comprising a counter-rotating iner casing connected to the
second series of rotor blade assemblies.

3. The multi-stage axial compressor of claim 2 further
comprising inlet and outlet axial guide vanes mounted on the
axial compressor, the ilet guide vanes mounted at a fore end
of the axial compressor preceding the first and second set of
rotor blade assemblies, the outlet guide vanes mounted at an
ait end of the axial compressor following the first and second
set of rotor blade assemblies.

4. The multi-stage axial compressor of claim 3 further
comprising inlet and outlet structural support casings respec-
tively mounted adjacent to the inlet and outlet guide vanes,
the structural support casings supporting the rotating inner
casing.

5. The multi-stage axial compressor of claim 4 wherein the
structural support casings comprise single cast disks, each
disk having a plurality of spokes.

6. The multi-stage axial compressor of claim 3 wherein the
plurality of spokes are connected to the inner casing by fas-
teners and terminate at an 1nner frame member connected to
the planetary gear assembly.

7. The multi-stage axial compressor of claim 6 wherein the
inner frame member includes a ring gear for engaging a
planetary gear of the planetary gear assembly.

8. The multi-stage axial compressor of claim 2 further
comprising a stationary outer casing covering and substan-
tially sealing the inner casing.

9. The multi-stage axial compressor of claim 8 wherein the
outer casing includes stationary inlet guide vanes mounted at
an inlet end of the axial compressor, and outlet guide vanes
mounted at an outlet end of the axial compressor.

10. The multi-stage axial compressor of claim 9 wherein
the outer casing comprises an outer shroud for covering the
rotating inner casing, with a spacing between the inner casing
and the outer casing maintained by a plurality of bearings.

11. The multi-stage axial compressor of claim 10 wherein
the outer shroud 1s connected to the inlet and outlet guide
vanes by fasteners.

12. The multi-stage axial compressor of claim 8 wherein
the outer casing further comprises a plurality of support mem-
bers that are supported on the driveshaft by a plurality of
bearing assemblies which enable rotation of the driveshait
while providing load support for the outer casing.

13. The multi-stage axial compressor of claim 2 wherein
the first and second series of rotor blade assemblies are
mounted 1n a spaced alternating series about a hub that 1s
adapted to {it over and be supported by the driveshatt.

14. The multi-stage axial compressor of claim 13 wherein
the first series of rotor blade assemblies 1s mounted on the
driveshaft so as to rotate in the direction of the driveshaft, and
second series of rotor blade assemblies are connected to and
adapted to rotate in an opposite direction with the counter
rotation of the inner casing.

15. The multi-stage axial compressor of claim 14 further
comprising a plurality of flanged sun gears mounted on the
driveshatt to rotate the planetary gear assembly 1n a direction
opposite to the direction of rotation of the driveshatt.
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16. A multi-stage axial compressor comprising:

a driveshatt;

a first series of rotor blade assemblies mounted on and
rotating with the drive shafit, each rotor blade assembly
comprising a rotating stage of the multi-stage axial com-
pPressor;

a second series of rotor blade assemblies mounted on the
drive shaft, each rotor blade assembly comprising a
counter-rotating stage of the multi-stage axial compres-
sor and connected to the first series of rotor blade assem-
blies by at least one planetary gear assembly for causing
counter-rotation of the second series of rotor blade
assemblies; and

a series ol stator vanes each stator vane arranged between
a rotor blade assembly from the first series and a rotor
blade assembly from the second series of rotating rotor
blade assemblies.

17. The multi-stage axial compressor of claim 16 further
comprising a static outer casing that surrounds and extends
along the driveshait about a central axis of the compressor.

18. The multi-stage axial compressor of claim 17 further
comprising inlet guide vanes and outlet guide vanes fixedly
mounted to the static outer casing.

19. The multi-stage axial compressor of claim 18 wherein
the static outer casing includes fore and ait flanges mounted
or formed with the outer casing.

20. The multi-stage axial compressor of claim 19 wherein
the fore and aft flanges secure the inlet and outlet guide vanes
at the 1nlet and outlet ends of the compressor.

21. The multi-stage axial compressor of claim 20 wherein
cach of the first set of rotating rotor blade assemblies is
attached to or formed with a support member that 1s further

attached to the driveshait by a ring gear.

22. The multi-stage axial compressor of claim 21 wherein
cach of the second set of rotating rotor blade assemblies 1s
indirectly connected or linked to the driveshait by an epicy-
clic gear assembly 1n order to drive the second set of rotating
rotor blade assemblies 1n a direction that 1s counter to the
direction of rotation of the driveshatt.

23. The multi-stage axial compressor of claim 21 wherein
cach of the second set of rotating rotor blade assemblies 1s
attached directly to a support member or indirectly attached
to the support member by a secondary support.

24. The multi-stage axial compressor of claim 23 wherein
cach of the second set of rotating rotor blade assemblies
includes aring gear that can be attached directly to the support
member via a bearing.

25. The multi-stage axial compressor of claim 24 wherein
cach of ring gear 1s positioned between a bearing and a plan-
etary gear of a corresponding epicyclic gear assembly.

26. The multi-stage axial compressor of claim 25 wherein

the driveshaft includes a sun gear where the planetary gears of

cach corresponding epicyclic gear assembly engages the
driveshatt.

27. The multi-stage axial compressor of claim 26 wherein
cach of the planetary gears 1s connected to each of the stator
vanes by a support member mounted to a base of each stator
vane.
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28. The multi-stage axial compressor of claim 27 wherein
the epicyclic gear assemblies of the second series of rotor

blade assemblies are arranged internally of the fore and aft
stator vanes.

29. The multi-stage axial compressor of claim 27 wherein
the epicyclic gear assemblies of the second series of rotor
blade assemblies are arranged such that the driveshatt 1s con-
nected to the ring gear and the support member 1s connected
to the sun gear.

30. A method for assembling an axial compressor with
counter-rotation of a plurality of rotor blade assemblies com-
prising;:

mounting a plurality of hubs over a compressor driveshatt

between fore and aft mounting collars;
mounting a plurality of spaced apart rotating rotor blade
assemblies on the plurality of hubs between the fore and
alt mounting collars to form a compressor drum;

mounting a sun gear on the driveshaft at a fore end and at an
alt end of the compressor drum, each sun gear including,
a series ol mwardly facing keyed passages of locking
recesses or splines adapted to recerve projecting locking
members or keys or splines of the fore and aft mounting
collars:
assembling forward and ait structural support casings
including at least one planetary gear assembly;

mounting the forward and aft structural support casings on
the driveshait with bearings inserted between the for-
ward and aft support casings and the fore and aft ends of
the compressor drum:;
mounting a plurality of counter-rotating rotor blade assem-
blies over the compressor drum, each counter rotating
blade assembly including a series of rotor blade struc-
tures atlixed to a counter-rotating case shell, the counter
rotating blade assemblies being inserted between the
spaced rotating rotor blade assemblies to form a center
counter-rotating drum over the compressor drum;

allixing the counter-rotating drum to a fore rotor blade
assembly and an ait rotor blade assembly to form an
assembled counterrotating inner casing of the axial com-
Pressor;

forming a static outer shroud of the outer casing by assem-

bling opposed outer static casing shells; and

mounting the static outer shroud over the counter-rotating

Inner casing.

31. The method for assembling an axial compressor with
counter-rotation of claim 30 wherein assembling forward and
ait structural support casings comprises:

assembling a series of planetary gears to a static case of an

inlet guide vane and an outlet guide vane;

assembling a bearing and a ring gear over the planetary

gears, with the teeth of the ring gear in operative engage-
ment with the teeth of the planetary gear; and

aligning and assembling a counter-rotating blade assembly

of the counterrotating inner casing onto each ring gear.

32. The method for assembling an axial compressor with
counter-rotation of claim 31 further comprising aligning and
engaging the corresponding planetary gear of the forward and
ait structural support casings with the sun gears mounted to
the fore and aft ends of the compressor drum.
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