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(54) Turbomachinery inner and outer casing and blade mounting arrangement

(57) The casings comprise a one-piece outer casing 24 and a one-piece inner casing 26 bounding the
flowpath 22. The outer casing 24 has a plurality of circumferential recesses 28 disposed therein with each
of the recesses having first and second axially opposite circumferential slots 30,32. A plurality of first
blades 42, each with axially facing tangs 46,48 on a mounting platform 44, mate with the slots in the
outer casing recess. The inner casing has a plurality of recesses 34 disposed therein, each of the recesses
including a forward circumferential slot 36 and concentric aft radially outer and radially inner circumferential
slots 40,38. A plurality of second blades 50, each with forward and aft axially facing tangs on a mounting
platform, mate with respective ones of forward slot and radially outer slot in the inner casing recess. One
piece casings obviate the need for moving flanges and bolts which add weight and may cause out-of-round
casing distortion.
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SPECIFICATION

Turbomachinery blade mounting arrange-
ment

This invention relates generally to axial flow
turbomachinery and, more particularly, to a
casing and blade mounting arrangement for a
gas flowpath therein.

BACKGROUND OF THE INVENTION

Gas turbine engines generally include a gas
generator comprising: a compressor section
with one or more compressors for compress-
ing air flowing through the engine, a combus-
tor in which fuel is mixed with the com-
pressed air and ignited to form a high energy
gas stream, and a turbine section which in-
cludes one or more rotors for driving the
compressor({s). Many engines further include
an additional turbine section, known as a
power turbine, located aft of the gas genera-
tor which extracts energy from the gas flow
out of the gas generator to drive an externa!
device such as a fan or a propeller.

Each of the turbines and compressor include
one or more bladed rows. Such will typically
be alternately spaced. with interposed vane
rows or with counterrotating bladed rows. In
either case, alternating rows extend into a
flowpath from outer and inner annular casings,
respectively.

Individual blades in each row are generally
detachable from such casings and mountable
therein. Numerous configurations are known
for mounting blades in casings. For example, a
common configuration includes a circumferen-
tial dovetail base which mates with a circum-
ferential recess in the casing. In order to load
such blades into the casing, it is known to cut
or split the casing axially thereby forming two
semicircular casing halves. Blades may then be
loaded directly into the circumferential slots at
the axial split. After the blades are loaded into
each half, the casings are rejoined and fas-
tened with a number of bolts through an axial
flange. However, such flanges and bolts add
increased weight to the casing structure and
may cause out-of-round distortion of the cas-
ing with imposed thermal and mechanical op-
erating loads.

An alternative way of assembling blades
into a casing is to assemble one row at a
time. For example, blades may be mounted in
a single hoop forming part of either an outer
or inner casing. Casing/airfoil assemblies may
then be built up by “’stacking’* subsequent
rows thereon. These assemblies again require
numerous fasteners such as bolted flange
joints which significantly increase the weight
of the assembly.

OBJECTS OF THE INVENTION
It is therefore one object of the present in-
vention to provide a blade mounting arrange-
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ment with one-piece outer and inner casings.
It is another object of the present invention

to provide a new and improved blade mount-

ing arrangement which is easily assembled.

SUMMARY OF THE INVENTION

The present invention is an improvement for
an axial flow turbomachine with an annular
flowpath radially bounded by first and second
concentric casings. The improvement com-
prises a one-piece first casing and a one-piece
second casing. The one-piece first casing has
at least one circumferential recess disposed in
a surface facing the flowpath, each recess in-
cluding axially opposite circumferential slots.
The improvement further comprises a plurality
of first blades, each with axially facing tangs
on a mounting platform adapted to mate with
the slots in the first casing recess. The sec-
ond casing has at least one circumferential re-
cess disposed in a surface facing the flow-
path, each recess has a plurality of second
bladers mounted therein.

The mounting platform of a first blade may
be assembled into the first casing recess by
inserting the platform into the recess and then
twisting the blade and platform so that the
tangs mate with the slots of the first casing
recess. -

In a further embodiment, the circumferential
recess in the second casing includes a first
circumferential slot and, axially disposed there-
from, concentric radially outer and radially in-
ner circumferential slots. Each of the second
blades has first and second axially facing
tangs on a mounting platform adated to mate
with respective ones of the first slot and the
radially outer slot in the second casing recess.
There may also be a relief formed between
the outer and inner slots of the second casing
recess.

The mounting platform of a second blade is
assembled into the second casing recess by
inserting the second tang into the radially in-
ner slot, rocking the first tang into the first
slot, lifting the second tang through the relief
into the radially outer slot, and circumferenti-
ally translating the second blade within the
first and radially outer slots.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a view of a gas turbine engine
which embodies one form of the present in-
vention.

Figure 2 is a cross-sectional side view of
the casings and blades of Fig. 1 showing a
first stage of installation of a blade into the
inner casing.

Figure 3 illustrates a second stage of instal-
lation of the blade of Fig. 2.

Figure 4 illustrates the blade of Fig. 3 fully
installed.

Figure 5 illustrates a first stage of installa-
tion of a blade into the outer casing shown in
Fig. 1.
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Figure 6 illustrates a second stage of instal-
lation of the blade of Fig. b.

Figure 7 illustrates the blade of Fig. 6 fully
installed.

Figure 8 illustrates a blade mounting ar-
rangement with blades fully installed in outer
and inner casings.

Figure 9 is a view taken along the arrow 9
shown in Fig. 4.

Figure 10 is a view taken along line 10 in
Fig. 7.

DETAILED DESCRIPTION OF THE INVENTION

The present invention applies to any axial
flow turbomachine with an annular flowpath
radially bounded by outer and inner concentric
casings. For example, it applies to an un-
ducted fan engine, such as disclosed in U.S.
Patent Serial Number 437,923, and which is
illustrated in Fig. 1. Engine 10 illustrated
therein includes a compressor 12, a combus-
tor 14 and a turbine 16, all in serial flow
relation. Located aft of turbine 16 is a power
turbine 18. Gas 20 moving aft past turbine 16
flows through an annular flowpath 22 which is
radially bounded by an outer casing 24 and an
inner casing 26.

Fig. 2 shows greater detail of annular flow-
path 22, outer casing 24, and inner casing
26. In this embodiment, outer casing 24 is
generally cylindrical. Inner casing 26 generally
diverges from outer casing 24 in an aft direc-
tion 27 thereby assuming a generally frusto-
conical shape.

Both outer casing 24 and inner casing 26
are of one-piece construction, which in this
context means without axial or circumferential
splits. Outer casing 24 has at least one cir-
cumferential recess 28 disposed in a surface
thereof which faces flowpath 22. In a pre-
ferred embodiment, outer casing 24 will in-
clude a plurality of recesses 28. Each recess
28 includes a forward circumferential siot 30
and an aft circumferential slot 32. Slots 30
and 32 are generally axially opposite.

Inner casing 26 has at least one circumfer-
ential recess 34 disposed in a surface thereof
which faces flowpath 22. Each recess 34 in-
cludes a forward circumferential slot 36.
Generally axially disposed from slot 36 are
concentric radially outer circumferential slot 38
and radially inner circumferential siot 40. As is
evident, slot 38 is disposed between slot 40
and flowpath 22.

The arrangement shown in Fig. 2 also in-
cludes a plurality of first blades 42, each hav-
ing a mounting platform 44. Mounting plat-
form 44 includes an axially forward facing
tang 46 and an axially aft facing tang 48.
Each of tangs 46 and 48 being adapted to
mate with slots 30 and 32, respectively, in
recess 28.

The arrangement also includes a plurality of
second blades 50, each blade 50 having a
mounting platform 52 at its base. Platform 52
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has an axially forward facing tang 54 and an
axially aft facing tang 56. Each of tangs 54
and 56 are adapted to mate with slots 36
and 38, respectively, in recess 34.

Figures 2, 3, and 4 illustrate in a serial view
a second blade 50 being mounted into recess
34. Fig. 2 shows mounting platform 52 of a
second blade 50 being assembled into recess
34 by inserting tang 56 into slot 40. Fig. 3
shows blade 50 after tang 54 has been
rocked forward into slot 36. Fig. 4 shows
blade 50 after tang 56 has been lifted from
slot 40 into slot 38 through a relief 57
formed between these slots. Blade 50 may be
translated circumferentially within slots 36 and
38 to make room for the installation of subse-
quent blades.

Two additional features of the present in-
vention are illustrated in Figs. 4 and 9. These
include a relief 60 formed in lip 62 between
slot 36 and flowpath 22. In addition, a relief
64, shown in Fig. 9, is formed in lip 66 be-
tween slot 38 and flowpath 22. Depending
upon the particular blade and platform geo-
metry, one or both of these reliefs may be
unnecessary in order for blade 50 and plat-
form 52 to be installed as shown.

Figs. 5, 6, and 7 illustrate a first blade 42
being assembled into recess 28. In order to
increase the radial separation 67 from a point
68 on casing 24 to inner casing 26, casing
26 is axially translatable in a forward direction
shown by arrow 70 with respect to casing
24, [t should be clear that either or both of
casing 24 and 26 may be moveable to effect
this translation. Such translation will occur dur-
ing assembly and, as illustrated in Fig. 5, is
limited by the axial separation 72 of adjacent
biades 42 and 50. In this manner, additional
clearance between blade tip 74 and the flow-
path facing surface 82 of casing 26 is
achieved.

Figs. 5-7 illustrate in a serial view mounting
platform 44 of a blade 42 being assembled
into recess 28. Fig. 5 shows a mounting plat-
form 44 of first blade 42 being inserted into
recess 28. After platform 42 is in recess 28,
it is twisted so that tangs 46 and 48 mate
with slots 30 and 32, respectively. Fig. 6
shows platform 44 partially twisted into posi-
tion with Fig. 7 showing platform 44 fully as-
sembled.

Fig. 10 is a view of platform 44 as it is
being twisted into place. As can be seen,
platform 44 has a generally parallelogram
shape. Because of this geometry, it is neces-
sary to include a relief 74 in the lip 78 formed
between flowpath 22 and slot 30. It will be
clear that a similar relief could be formed in lip
80 in addition to or in lieu of relief 74. It
should also be clear that if platform 44 is
configured so that no normal plane passes
through both of tangs 46 and 48, then no
such relief 74 will be necessary to facilitate
the loading of blades 42. Each blade 42 may
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be circumferentially translated within casing 24
to allow for the loading of subsequent blades.

It will be clear that due to the twisting mo-
tion necessary to install a blade 42, there will
be insufficient room to allow installation of a
final blade and still maintain tight circumferen-
tial contact between adjacent blades. For this
reason, it may be desirable to narrow the
width of one or more blade platforms 44 to
enable loading of the final blade. A final lock-
ing piece may be employed to fill in circumfer-
ential gaps resulting from the narrowed blade
platform. This final locking piece or pieces
may be bolted directly to casing 24 to pre-
vent circumferential shifting of blades 42 dur-
ing engine operation.

A similar blade loading problem does not
exist with blades 50 because no twistin mo-
tion is necessary to install blades 50. How-
ever, it may be desirable to bolt one or more
of platforms 52 to casing 26 in order to pre-
vent circumferential shifting of blades 50 dur-
ing engine operation.

It should be clear from the foregoing de-
scription that a significant advantage of the
present invention is the ability to install a plu-
rality of blade rows in concentric one-piece
casings. Inner casing 26 is axially translatable
with respect to casing 24 to facilitate loading
of blades 42. After assembly, casings 24 and
26 are repositioned as shown in Fig. 8.

It should be clear to a person skilled in the
art that the recess configurations for each of
casings 24 and 26 may be interchangeable
and either one may be used for both outer
casing 24 and inner casing 26.

An advantage of the recess 34 configuration
of inner casing 26, as shown, is that it per-
mits assembly of blades 50 without twisting
and with tight tip clearances without having to
axially translate the casings. A further advan-
tage of this configuration is that it is capable
of accommodating blade platforms without
trimming thereof to provide tangential clear-
ance for the final blades being loaded. For
example, for the high blade solidity shown in
Fig. 9, platforms 52 do not have sufficient
excess tangential extent to allow for trimming.
Thus, the most practical way to install such
blades is to provide a configuration that per-
mits loading without twisting of the blade. A
disadvantage of this configuration is that dual
slots 38 and 40 add excess casing weight
over the single slot arrangement as in the re-
cess 28 slot configuration.

The recess 28 configuration of single for-
ward and aft slots 30 and 32 is relatively
simple to form and lightweight. It is a pre-
ferred arrangement for mounting blades, but
requires blade platforms 44 with sufficient ex-
cess tangential length to allow trimming
thereof for assembly of final blades. Under
certain conditions, it may be impossible or im-
practical to shift casings 26 and 24 relative to
each other during loading. In such an instance,
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it may be difficult to load blades 42 without
sacrificing blade tip clearances in the working
engine.

According to a preferred embodiment of the
present invention, casings 24 and 26 are
counterrotating turbine rotors with blades 42
and 50 being mounted therein. However,
either casing 24 or casing 26 could be sta-
tionary with the respective blades mounted
therein being non-rotating vanes.

According to another form of the present
invention, the blade mounting arrangement
shown could apply to a compressor. In such
an embodiment, the forward and aft directions
would tend to be reversed from that shown in
Fig. 8 with casing 26 diverging from casing
24 in a forward direction. Accordingly, the
blades would be assembled into the casings
starting with the aftmost rows and working
forward.

It should also be clear that the shifting of
rotors which occurs in order to facilitate the
loading of blades 42 into outer casing 24 is
achievable because outer casing casing 24 is
generally cylindrical. If outer casing 24 were
frustoconical in shape with increasing radius in
the aft direction, casing 26 would not be axi-
ally translatable in a forward direction with re-
spect to casing 24. Rather, interference be-
tween the tips of blades 50 and outer casing
24 would prevent such differential movement.

It will be understood that the dimensions
and proportional and structural relationships
found in the drawings are illustrated by way
of example only and these illustrations are not
to be taken as the actual dimensions or pro-
portional structural relationships used in the
blade mounting arrangement of the present in-
vention.

Numerous modifications, variations, and full
and partial equivalents can be undertaken
without departing from the invention as limited
only by the spirit and scope of the appended
claims.

CLAIMS

1. In a turbomachine with an annular
flowpath radially bounded by first and second
concentric casings, an improvement compris-
ing:

a one-piece first casing having at least one
circumferential recess disposed in a surface
facing said flowpath, each recess including ax-
ially opposite circumferential slots;

a plurality of first blades, each with axially
facing tangs on a mounting platform adapted
to mate with said slots in said first casing
recess; and

a one-piece second casing having at least
one cirumferential recess disposed in a surface
facing said flowpath, each recess having a plu-
rality of second blades mounted therein.

2. The improvement, as recited in claim 1,
wherein said mounting platform of a first
blade is assembled into said first casing re-
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cess by inserting said platform into said re-

cess and then twisting said blade and plat-

form so that said tangs mate with said slots
of said first casing recess.

3. In a turbomachine with an annular
flowpath radially bounded by first and second
casings, an improvement comprising:

a one-piece first casing having at least one
circumferential recess disposed in a surface
facing said flowpath, each recess having a plu-
rality of first blades mounted therein; and

a one-piece second casing having at least
one circumferential recess disposed in a sur-
face facing said flowpath, each recess includ-
ing a first circumferential slot and, axially dis-
posed therefrom, concentric second and third
circumferential slots, said third slot being dis-
posed between said second slot and said
flowpath; and

a plurality of second blades, each with first
and second axially facing tangs on a mounting
platform adapted to mate with respective
ones of said first slot and third slot in said
second casing recess.

4. The improvement, as recited in claim 3,
further comprising: )

a relief formed between said second and
third slots of said second casing recess;

wherein said mounting platform of a second
blade is assembled into said second casing
recess by inserting said second tang into said
second slot, rocking said first tang into said
first sliot, lifting said second tang through said
relief into said third slot, and circumferentially
translating said second blade within said first
and third slots.

5. In a turbomachine with an annular
flowpath radiallybounded by first and second
casings, an improvement comprising:

a one-piece first casing having a circumfer-
ential recess disposed in a suirface facing said
flowpath, said recess including axially opposite
circumferential slots;

a one-piece second casing having a circum-
ferential recess disposed in a surface facing
said flowpath, each recess including a first cir-
cumferential slot and, axially disposed there-
from, concentric second and third circumferen-
tial slots, said third slot being disposed be-
tween said second slot and said flowpath;

a plurality of first blades, each with axially
facing tangs on a mounting platform adapted
to mate with said slots in said first casing
recess; and

a plurality of second blades, each with first
and second axially facing tangs on a mounting
platform adapted to mate with respective
ones of said first slot and third slot in said
second casing recess.

6. In a turbomachine with an annular
flowpath radially bounded by first and second
casings, an improvement comprising:

a one-piece first casing having a plurality of
circumferential recesses disposed in a surface
facing said flowpath, each of said recesses
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including first and second axially opposite cir-
cumferential slots;

a one-piece second casing having a plurality
of circumferential recesses disposed in a sur-
face facing said flowpath, each of said re-
cesses including a first circumferential slot
and, axially disposed therefrom, concentric
second and third circumferential slots, said
third slot being disposed between said second
slot and said flowpath;

a plurality of first blades, each with axially
facing tangs on a mounting platform adapted
to mate with said slots in said first casing
recess; and )

a plurality of second blades, each with first
and second axially facing tangs on a mounting
platform adapted to mate with respective
ones of said first slot and third slot in said
second casing recess.

7. The improvement, as recited in claim 5
or 6, wherein said first casing is generally
cylindrical and said second casing diverges
therefrom in a first direction; and wherein said
second casing is axially translatable opposite
said first direction with respect to said first
casing during assembly so as to increase the
radial separation from a point on said first
casing to said second casing.

8. The improvement, as recited in claim 7,
wherein said mounting platform of a first
blade is assembled into said first casing re-
cess by inserting said platform into said re-
cess and then twisting said blade and plat-
form so that said tangs mate with said slots
of said first casing recess.

9. The improvement, as recited in claim 8,
wherein said second slot of said first casing
recess defines a lip between said flowpath
and said slot and wherein said lip includes a
relief therein to prevent interference during
twisting of said first blade.

10. The improvement, as recited in claim 5
or 6, further comprising:

a relief formed between said second and
third slots of said second casing recess;

wherein said mounting platform of a second
blade is assembled into said second casing
recess by inserting said second tang into said
second slot, rocking said first tang into said
first slot, lifting said second tang through said
relief into said third slot, and circumferentially
translating said second blade within said first
and third slots.

11. In a gas turbine engine including a tur-
bine with an annular flowpath therethrough, an
improvement comprising:

a one-piece outer casing bounding said
flowpath and having a plurality of circumferen-
tial recesses disposed in a radially inner facing
surface thereof, each of said recesses includ-
ing axially opposite circumferential slots;

a one-piece inner casing bounding said
flowpath with a plurality of circumferential re-
cesses disposed in a radially outer facing sur-
face thereof, each of said recesses including a
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radially outer and radially inner circumferential
slots;

a plurality of first turbine blades, each with
axially facing tangs on a mounting platform
adapted to mate with said slots in said radi-
ally inner facing surface recess; and

a plurality of second turbine blades, each
with forward and aft axially facing tangs on a
mounting platform adapted to mate with re-
spective ones of said forward slot and aft
radially outer slot in said radially outer facing
surface recess.

12. The improvement, as recited in claim
11, wherein said puter casing is generally
cylindrical and said inner casing generally
diverges therefrom in an aft direction;

and wherein said inner casing is axially tran-
slatable in a forward direction with respect to
said outer casing during assembly so as to
increase the radial separation from a point on
said outer casing to said inner casing.

13. The improvement, as recited in claim
12, wherein said mounting platform of a first
turbine blade is assembled into said inner
facing recess by inserting said platform into
said recess and then twisting said blade and
platform so that said tangs mate with said
slots of said inner facing recess.

14. The improvement, as recited in claim
11, further comprising:

a relief formed between said outer and inner
slots of said outer facing recess;

wherein said mounting platform of a second
turbine blade is assembled into said outer
facing recess by inserting said aft tang into
said radially inner slot, rocking said forward
tang into said forward slot, lifting said aft tang
through said relief into said radially outer slot,
and circumferentially translating said second
blade within said forward and aft radially outer
slots.

16. A gas turbine engine substantially as
hereinbefore described with reference to and
as illustrated in the drawings.
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