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1

Our invention relates to turbine blades and to
2 means and method of assembling turbine blades
in both rotor and stator structures, to provide an
assembly Dositively locking blades of both stator
and rotor in position.

Among the objects of our invention are: To
provide a means and method of assembling rotor
and stator blades in a turbine; to provide a means
and method of interlocking turbine blades, when
assembled on either a stator ot rotor of the tur-
bine; to provide & means and method of forming
a shroud for each end of a turbine blade assem-
bly; to provide a simple and effective Jabyrinth
seal for a turbine blade; to provide a simple and
strong means and method of assembling and
interlocking & plurality of individual turbine
‘blades on a basal structure, and to provide g tur-
bine blade assembly ideally adapted to withstand
temperatures used in gas combustion turbines.

In the drawings: _

Fig. 1 is a longitudinal sectional view of a por-
tion of a turbine showing how the fixed end of a
turbine blade may be anchored in either rotor or
stator in accordance with our invention.

Fig. 2 is a view in section of the blade insertion
position, showing the locking arrangement for
the last blade inserted.

Fig. 3 is a view partly in section, and partly in
elevation, of a portion of a turbine rotor taken
as indicated by the line 3—3 in Fig, 2.

Fig. 4 is a view partly in section and partly in
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elevation taken as indicated by the line 4—4 in .

Fig. 2. :

Fig. 5 is a view partly in section and partly in
elevation taken as indicated by the line 5—5 in
Fig. 2 and showing the interlock of the face ends
of stator blades. '

Fig. 6 is a sectional view taken ag indicated by
the line 6—86 in Fig. 5.

Fig. 7 is an enlarged view Partly in elevation
and partly in section, showing the last pin gr-
rangement in the assembly of blades as shown in
Fig. 5. . . i

Fig. 8 is a view partly in section and partly in
elevation of the pin connection between all but
the last blades and the adjacent blades.

Fig. 9 is a diagrammatic view partly in section
and partly in elevation showing how the turbine
blades alternate in position on the rotor and
stator.

Fig. 10 is a phantom perspective view of a
partially assembled anchoring structure.

The class of turbo machines with which the
present invention is more directly concerned is
known as the axial flow type, and is character-

35

40

45

50

66

2
ized by an arrangement of axially spaced circular
rows of alternate rotor and stator blades which
are anchored to their respective rotor gnd stator
bodies and extend radially toward the opposite
member, terminating in g labyrinth seal and
shroud, which prevents leakage around the ends
of the blades with consequent loss of efficiency.

Internal leakage is not combatted in the prior
art of turbine designing at all, in spite of the fact
that it adversely influences the thermodynamic
efficiency of the turbine. In general, leakage can
be defined as leakage of gases past the blade
stages without doing useful work on the blades.
It not only constitutes a direct and non-recover-
able loss of gas energy, but also has an adverse
indirect effect upon the flow of gages through
blade cascades, in that it disturbs the substan-
tially two dimensional flow of gases and induces
it to deviate outwardly in the direction of the
blade tips. This flow then sets up a tip vortex at
the end of each blade, which is the source of the
s0-called induced drag. For blades of low aspect
ratios, such as are common in the high pressure
stages of elastic fluid turbines, this drag is of con-
siderable importance, because in the elastic fluid
turbine, the absolute velocity of the leaking gases
is higher than the relative velocity of the gases
expanding in the blade cascade and the tip vortex
can be extremely strong.

In our invention the individual blade stages are
sealed along their periphery by labyrinth flanges
to reduce the stage leakage to the very minimum
and also to remove the place of leakage away
from the tips of the blades, so that even if a slight
leakage does occur through the labyrinth seal, it
has only a remote influence on: the two-dimen-
sional flow through the blade cascade. Further-
more, we desire to encastré the ends of toth sta-
tionary as well as rotary blades by a peripheral
shroud, with the peripheral shroud forming the
base of the labyrinth seals. :

Obviously, however, it would not be practical
to make the entire wheel of radial blades as a
unit, and the present invention is directed to-
ward a means and method of forming a blade
wheel with the bases of the blades locked in place
in either the stator or rotor, and with the periph-
eral ends of the individual blades joined to form
2 continuous shroud and a continuous seal be-
tween stages. .

In a gas combustion turbine, for ‘which our
construction is ideally suited, the difficulties at-
tendant upon high temperature of the propul-
sive gases manifest themselves in various ways.
One of the most important of these is the “creep”
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or gradual deformation of material under stress.
The rate of creep varies with the stress and also
with the temperature. The variation with stress
is approximately linear, but the varlation with
temperature is exponential, i. e., the rate of creep
increases in geometric ratio while the tempera-
ture is increasing in arithmetic ratlo. This. phe-
nomenon constitutes one of the greatest obstacles

to the use of high temperature thermodynamic -

cycles in gas turbine plants. If the turbine blad-
ing or its supporting structure creeps, there will
eventually come a time when the clearances be-
tween the rotor and stator disappear, and re-
placement of these parts is necessary. There-
fore, if the turbine be designed with small clear~
ances and very low stage leakage for initially high
thermodynamic efficiency, and the temperature
of the gases in the first stages of the turbine also
be high for the same purpose, it is quite possible
that the creep rate will be so high that replace-
ment of the turbine components will be neces-
sary in a relatively short time, and that savings
due to high thermal eficiency will be more than
offset by large rebuilding costs.

The problem thus briefly set forth is compli-
cated by an additional factor, e. g., the vibration
damping properties of the metals used for the
construction of the turbine blading. Turbine
blades exposed to high temperature gases should
e made of special heat resisting non-oxidizing
alloys which possess very low creep rates such
as “K-42-B” and ATV-3. An important disad-
vantage of these alloys is their Jow internal co-
hesive friction at high temperatures, physically
defined as low damping coefficient. Parts of
turbines made of these materials, e. g., bladings,
are easily excited into violent vibrations even out-
side the region of resonance with the exciting
forces, and may develop fractures. A turbine
structure using these alloys should be desigred
with this condition in mind, viz,, to restrain the
blades against dangerous vibratfons without detri-
mentally affecting the performance of the turbine
as an aerodynamic machine. The tops of all
blades, therefore, are tied together by rigid seal-
ing rings which encastré the free ends of the
blades, and thus rigidity of the blades is increased
and the resonant frequency response is greatly
reduced. !

Broadly as to method, our invention comprises
forming a single turbine blade having a basal
section at one end, and a shroud section at the
other end, each of these sections mating with the
similar surface on the next adjacent blade in the
circular row.. The basal sections are provided
with teeth engaging a circular channel, having
tooth engaging ridges in the stator and in the
rotor, the stator blade not being subject to cen-
trifugal forces, they may be designed with only
one ridge. Each blade, as far as the basal portion
thereof is concerned, is loaded into the channel
from a loading)position and slid around the chan-
nel until the biades meet and the channel is full.
In case of the rotor, a special last blade is then
inserted and locked in place. In case of the
stator no special locking blade basal section is
required, because the assembly of blades into the
housing is accomplished while the housing is in
two separate halves.

At the same time the peripheral ends of each
blade are mated with the next adjacent blade,
these end portions are pinned together as be-
tween blades, with special locking pins on the last
blade to coordinate all the blade end sections into
a continuous shroud. )
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Thus, the bases of all the blades are all se-
curely interlocked and firmly inserted in the rotor
or stator to which they are attached, and the pe-
ripheral ends of the blades have their shroud
portions interlocked to form g substantially con-
tinuous shroud. This shroud preferably carries,
on the outer surface thereof, labyrinth channels
cooperating with labyrinth ridges in the opposite
stator, to form the seal around the blades. Due
to the use of this construction centrifugal and
power forces are adequately cared for, and the
blade wheel rotates substantially as a unif.

- Broadly as to apparatus, our invention com-
prises a foundation member which may be either
the rotor or stator of a turbine, in which an un-
der-cut channel is formed, together with & plu-
rality of turbine blades having basal portions
fittine this channel. On the rcfor at two certain
points in diametrical opposition around the chan-
nel two openings are provided through which
the individual blades may be assembled one by
one and moved around the channel not more
than 90° on the arc until a last blade is to be
jnserted to complete the circle. At this point a
special locking arrangement is utilized, this lock-
ing arrangement being such that no blade
stresses are carried thereby, all stresses on the
last blade being delivered directly to the founda-
tion member. o ‘

As the blades are being assembled in the foun-
dation member, their tips are also mating on
their peripheral ends to form a continucus
shroud, the shroud portions being tied together
by locking pins, with special locking pins being
provided on the last blade. The entire structure
becomes with the foundation member a wheel
acting, as far as the forces imposed thereon are

-concerned, as a unit.

We also prefer to provide, on the peripheral
face of each blade wheel, a labyrinth seal base
comprising peripheral surfaces facing stationary
flanges with respect to which the wheel rotates,
these flanges clearing by 2 minute dimension the
peripheral surfaces of the blade tips. A solid
unitary construction is thereby produced with
a minimum of internal leakage between stages.

Qur invention may be more fully understood
by direct reference to the drawings, with first
reference to the basal portions of the blades.
These portions of the blades may be inserted
in either the rotfor or the stator, as in most tur-
bines the rotor and stator blades are alternated
as shown in Fig. 9. In the drawings, for ease
of description, the lower member | may be termed
the rotor and the upper member 2 may be termed
the stator. Therefore, the rotor | will be sur-
rounded by the stator 2.

In Fig. 1 we have shown a rofor blade 5 at-
tached to the rotor 1, and two stator blades 6
in proper adjacent position. Under these con-
ditions when the rotor | rofates blade 5 will
rotate with i, whereas blades & will be station-
ary. In this figure blade 5 represents one radial
blade of a complete circular row of blades, and
blades 6 represent one radial blade of two com-
plete rows of adjacent stator blades. Each cir-
cular row of blades will hereafter be called a
stage.- .

Considering always in the drawings therefore,
that the lower foundsation member is the rotor
and also considering that the method of insert-
ing the blades in either the rotor or the stator
is the same in principle, we will next furn to
the description of the insertion of the base of



2,410,588

the blades in the rotor as shown in Figs. 1 {o 4
inclusive.

Referring first to Fig. 1, the rotor { is provided
with a circular anchorage channel {8. This an-
chorage channel is undercut to provide an upper
tooth channel I, and a lower tooth channel {2,

. on each side thereof. All of the individual blades
but two, located diametrically in opposition,
which will be known hereafter as the last blades,
are provided with a basal portion (4 carrying
the blade 6. Obviously, the latter may be of any
desired section as adapted to further the func-
tion of the turbine. Basal portion 14 is also pro-
vided with a tooth extension 15 having thereon
on each side an upper tooth 17T and a lower tooth
18, loosely fitting tooth channels {1 and 12 re-
spectively on both sides of anchorage channel §0.
The general fit of the upper teeth in the upper
channel is complete. The lower end of the ex-
tension {5, however; does not reach to the bot-
tom of anchorage channel 10, but terminates
short thereof, channel 19 being provided with a
circular bottom portion 20, with extension (5
provided with a square section channel 21. A
blade wedge 22 is fitted in both Iatter channels.
This blade wedge is such, as far as dimensions
are concerned, as to force extension 15 upwardly,
to take up all clearance between the teeth and
the teeth channels, so that after the blade ex-
tension {5 is in place, and wedge 22 inserted,
the blade extension 15 is firmly wedged into place.

Inasmuch as extensions {5 are provided with
projecting teeth, and inasmuch as channel 10 is

under-cut with tooth engaging channels, it is

desirable that a certain construction be provided
on the extent of the channel 10, so that the blade
extensions {5 may be inserted and the blades
moved circularly around in the channel (0 to

their proper positions, this movement taking .

place before wedges 22 are inserted.

‘We therefore provide at two positions at-least
around the periphery of the rotor an opening
30_extending laterally from channel {0 opening
between adjacent rows of blades as shown in
Figs. 2 and 4. Here the lateral opening 30 is
shown with an arcuate length slightly greater
than the length of one basal blade portion 4.
This opening is made sufficiently wide at that
point to allow the insertion and the retraction
of the milling cutter for cuiting tooth channels
fi and 12 and for the insertion of extension {5
of each blade. This opening 30 is also undercut
with locking channels 3f made by the same mill-
ing cutter that is used to cut the tooth -channels
t1 and 12 so that its outer wall section is the
same as that of one side of main channel 10.
All of the blades, except one, can be inserted into
channel 10 through opening 30 and then moved
laterally with respect to the channel unti] the
teeth on the opposite side of the basal portion
I8 register with the tooth channels 1| and 12.
The blades can then be moved arcuately around
the channel, one by one, until the entire wheel
or stage is completed with the exception of two
last diametrically opposite blades 32, as shown
in Fig. 3. ' :

Last blade 32 has both lower teeth. 18, but
only one upper tooth 17 on one side thereof, the
upper tooth {7 on the side toward the opening
30 being omitted. This last blade, after all the
remaining blades are in position, is then dropped
in through opening 30 and moved laterally in
the channel until the teeth opposite opening 30
engage channels {1 and 12, The last blade 32

30

6
is then ready to be locked in place. The fit is
exact.

It will be noted that the ends of opening 30 are
arcuately formed and undercut, We therefore,
position at each of these two end points, a spacer
8 having arcuate teeth 33 and 33’ thereon fitting
the end spaces made in opening 30 by the mill-
ing cutter. These .spacers S also have inside
tooth channels milled therein forming an exten-
sion and continuation of channels 10 and {! to
fit teeth 17T and 18 on the two blades adjacent
the last blade 32. The spacers S are dropped in
opening 30 and then moved arcuately into posi-
tion. Thus spacers S are locked to the rotor and
are also locked to the adjacent blades IT and 18.
They cannot come out of their end spaces except
by being moved arcuately toward each other and
the center of space 30. .

‘The spacers are prevented from moving out
of the corners of space 30 by the use of a pair of
locking bars 34, each bearing against an end
spacer S. These lock bars are of such g size
and shape that they can be inserted in space 30
to fit continuation channels 31 through g central
notch 35 cut through the rotor and through the
outer wall of opening 30 into top and bottom
tooth continuation channels 31 in the rotor. A
recess R is also provided in base i4 of blade 32
opposite notch 35. The lock bars also have a
notch A engaging lower tooth (8 on the last
blade and a shoulder B shaped to fit top con-
tinuation channel 31, in the wall of space 30.

The first lock bar is dropped through notch
85 and then forced arcuately against one end
spacer S, and the other.lock bar 34 is inserted
and moved in the opposite direction against the
other end spacer S. Thus it will be seen that
each lock bar 34 bears at the bottom against the
bottom tooth i8 of the last end blade, and bears
at the top against top continuation channel 31
underneath rotor material. In this position
therefore, the last blade 82 is firmly locked in
position as far as radial forces are concerned.

It then remains only to fill the space between
the two locking bars 34—34. This is done by in-
serting a pair of wedge plates 36—36 in notch
35 each abutting a lock bar 34. Each of these
wedge plates 36 has s tooth 37 thereon fitting a
cooperating channel in each lock bar 34. Wedge
50 Plates 36 are forced apart arcuately by a central

wedge 38, this wedge being driven between the
two wedge plates 36 until the head thereof is
slightly below the upper surface of the adjacent
wedge plate. A pair of Projecting portions 39
55 are provided, one on each wedge plate, and these
projecting portions 39 are then peened .over to-
ward each other over the top of the wedge 38, to
prevent the wedge from coming out. Wedge
plates cannot come out because they are inter-
locked with lock bars 34. Lock bars cannot come
out because they have a portion in top channel
31, and end spacers S cannot come out because
they cannot move centrally.
Summarizing therefore, in the assembly se-
65 quence of the basal portion of the blades in either
the rotor or the stator, using the rotor as an
example, the blades 5 are inserted one by one
in channel 10 through opening 30 and moved ar-
cuately in channel 10 unti! they each reach their
70 final position. At this point wedge 22 is inserted
beneath the blade to fix the blade in arcuate
position. The next blade is then moved up into
abutting relationship and its wedge inserted, and
S0 on until the entire assembly with the excep-
75 tion of one blade has been made. After the
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blades on either side of the last blade have been
moved into position and locked therein by the
insertion of their wedges 22, end spacers S are
positioned to interlock the adjacent blades and
the rotor, then the last blade 15 is dropped into
place and moved laterally in the channel until
the teeth thereon engage the opposite teeth chan-
nels, Next locking keys 34 are dropped through
notch 35 and moved arcuately into position
against end spacers S, and against the basal por-
tion 15 of the last blade. Wedge plates 36 are
then dropped in position and the central wedge
38 driven home. After all the parts are solidly
in position, projections 39 are peened over the
central wedge 38 and the last blade § is firmly
locked in position.

10

15

If at any time it is desired to remove any of ‘

the blades, the peened over projections 40 may
be cut away, cenfral wedge 38 drawn, and the
parts then disassembled in the reverse order until
the last blade 32 is removed, whereupon any of
the other blades can be moved around to the
loading position and removed. . !

It will be noted therefore that in assembling
the various blades on the rotcr as above de-
scribed, or on the stator in exactly the same way,
the adjacent blade base faces abut. Inasmuch
as the faces are such as to provide for exact fit,
the biades are, for all operating purposes, an in-
tegral part of the rotor or stator and form an
integral ring.

It will be obvious from the description already
given, that the method of assembly of the bases
of the blades can be utilized if desired to assem-
ble blades having free peripheral ends, in & rotor
or stator structure. However, for many purposes
it is desirable that the peripheral ends of the
blades be tied together, as for example, to form
a shroud. It is also desirable many times that
this shroud carry a labyrinth seal, as pointed out
above. 1In PFigs. 5 to 10 therefore, we have shown
how we prefer to connect the peripheral ends
of the blades, whether the outer periphery, as
with the rotor blades, or the inner periphery, in
case of stator blades.

In Fig. 5, we have shown the peripheral ends of
stator blades 6§ and their relationship to the rotor
f. The same method however, of connecting the
outer peripheral ends of the rotor blades is also
utilized.

Referring therefore directly to Fig. 5, the pe-
ripheral ends of hlades 6 are provided with end
portions 40. These end portions have adjacent
faces mating {o form a shroud connecting all of
the blades. As the blades are assembled one by
one {(as has been previously described with re-
spect to the rotor) in the stator frame 2, the
outer portions 40 of all but the last stator blade
&4 are tied together by the use of a cross-pin 42
entering facing recesses 43 and 44 in adjacent
blades. Cross-pins 42 are provided with rounded
ends 45, and a slight bevel 46 extends from the
rounded end 45 to the main cylindrical body 48
of the pin. When each blade is assembled, two
pins 42 are positioned between them. As end
porticns 40 are abutted, the pins enfer both ap-
ertures 43 and 44 with a tight fit, providing ab-
‘solute centering of adjacent blades.

Last stator blade 41 however, is inferlocked
in a slightly different manner. The blades ad-
jacent to final stator blade 4i utilize a short re-
cess 50 facing the last stator blade 41, and last
stator blade 8{ has facing each special recess 50,

an elongated pin recess 51 in which a half-pin

52 is mounted with a flat end $3 flush with the
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face of end portion 40°. Thus stator blade 41 can
be inserted with opposite pins 62 in place entirely
enclosed within the end portion 40’ of the last
stator blade 41, '

After the last stator blade 41 has been posi-
ticned in the blade assembly, locking wedges B4
are inserted each having a pointed end project-
ing laterally in & locking pin aperture §5, open
to the side surface of the end portion 40°, The
inner end of each locking wedge $4 will engage
round end 56 of each half-pin 5%, and force the
half-pins 52 into the special recesses §0 In the
adjacent blades, thus locking the end blade to
both adjacent blades, Once locking wedge 34
is in place, the metal of 40’ may be peened around
the pin so that it cannot come out, an outer bevel
being provided for that purpose. Thus, the pe-
ripheral ends of all the blades are in abutting re-
lationship to form a ring shroud encastring the
blades, and this relationship is always maintained
as the end of each blade is pinned to the ends of
both adjacent blades.

The individual blade rows are preferably sealed
along their peripheral ring by labyrinth flanges
to reduce stage leakage to the minimum, and
also to remove the place of leakage away from
the tips of the blades, so that if even a slight
leakage should occur through the labyrinth seal,
it has only a remote influence on the two di-
mensional flow through the blade cascade.

As the ends of both stationary as well as ro-
tary blades are encastred by a shroud ring formed
by the abutting peripheral portions 40 of the
various blades, the peripheral portions #0 can
be shaped to carry o plurality of arcuate side
flanges 60, longer than a central flange 61. These
flanges are coextensive around the shroud ring,
and therefore unite to form three completely
circular sealing flanges. Each of the flanges 60
projects adjacent g continuous arcuate flange
seat channel 62 cut into the opposing rotor or
stator, and the central flange 61 is positioned
adjacent a central flange seat channel 63. The
sealing flanges are originally machined to g close
fit with the flange seat channels and may be run

_in under power before the {urbine is actually

50

55

60

65

70

75

used for the first time, or may be designed to
have a small running clearance af operating tem-
peratures.

The gases in passing through from one side
of the blade stage to the other, i. e., from a zone
of pressure to a zone of lower pressure, must
make five changes of direction in passing through
the labyrinth seal. There can be no high velocity
losses through such a seal, and there can be no’
leakage past the blade stages which can set up
a tip vortex at the end of these blades, as can
happen to produce induced drags in the usual
type of turbine blades having free peripheral
ends. The place of leakage is removed completely
away from the tips of the blades and even if a
slight leakage does cccur through the labyrinth
seal it has only a remofe influence on the two
dimensional flow through the blade cascades.

Thus, we have provided a turbine blade as-
sembly and method of assembling turbine blades
which can be used for both rotor and stator
blades, in which the bases of the blades are se~
curély and perfectly locked to either the rotor
or the stator and in which the peripheral and

. outer ends of the blades are tied together to form

a shroud, which shroud carries on its outer sur-
face a labyrinth seal. Thus all of the blades are
effectively tied together as a single unit to form
a wheel which under the stresses of both rotary
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and power stresses, act substantially as a stage
unis,

While our invention is ideally adapted for use
in both compressor and gas turbine units of the
gas combustion turbine described in the above
cited application, it is obvious that any type of
turbine blade may be assembled by the means
and method described herein, with or without
the peripheral shroud and labyrinth seal,

We claim:

1. In a turbine having rotor and stator ele-
ments, a circular blade stage on one of said ele-
ments comprising a plurality of separate turbine
blade members having a base, an extension on
said base, one of said elements having a circular
channel therein, said circular channel being
under-cut, and having a laterally expanded por-
tion on one side of said channel, said expanded
portion also being under-cut, a tooth on each of
said blade member extensions loosely fitting said
channel under-cut, said extensions being located
in said channel and in abutting relationship to
adjacent extensions of similar blade members,
a wedge positioned between the bottom of said
channel and the end of each extension to force
said teeth against said channel under-cut and to
stabilize said blade members, a last blade mem-
ber in said enlarged portion of said channel, said
last blade member having an extension tooth
engaging said channel under-cut without clear-
ance, g second tooth on said last blade member
extension on tHe side thereof facing the under-
cut on said enlarged portion, and a locking mem-
ber engaging said second tooth and said last men-
tioned under cut.

2, In g turbine having rotor and stator ele-
ments, a circular blade stage on one of said ele-
ments comprising a plurality of separate turbine
blade members having a base, an extension on
said base, one of said elements having g circular
channel therein, said circular channel being
under-cut, and having a laterally expanded por-
tion on one side of said channel, said expanded
portion also being under-cut, a tooth on each of
said blade member extensions loosely fitting said
channel under-cut, said extensions being located
in said channe] and in abutting relationship to
adjacent extensions of similar blade members,
& wedge positioned between the bottom of said
channel and the end of each extension to force
said teeth against said channel under-cut and to
stabilize said blade members, a last blade mem-

ber in said enlarged portion of said channel said

last blade having an extension tooth engaging
said channel under-cut without clearance, a sec-
ond tooth on said last blade member extension
on the side thereof facing the under-cut on said
enlarged portion, said enlarged portion having
a locking member inserting notch in the under-
cut wall thereof removing said latter under-cut,
a locking member simultaneously bearing against
said second tooth and the under-cut in szid en-
larged portion adjacent said notch, and means
for preventing said locking member from moving
back into said notch. _

3. Apparatus in accordance with claim 2 where-
in said notch is centrally located in the wall of
sald enlarged portion and centrally with respect
to the base of said last blade member, the arcu-
ate length of said notch being less than the arcu-
ate length of the basal extension of the last
blade member, and wherein a pair of said lock-
ing members. are provided, one to either side of
said notch, to engage said second tooth and the
under-cut of the enlarged portion adjacent said
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notch, a wedge plate radially positioned in said
notch on each side thereof, each of said wedge
plates bearing against g locking member, means
for preventing radial movement between said
wedge plates and locking members, and a key
wedge filling the space between said wedge plates.

4. Apparatusin accordance with claim 2 where-
in said notch is centrally located in the wall of
said enlarged portion and with. respect to the
base of said last blade member, the arcuate length
of said notch being less than the arcuate length
of the basal extension of the last blade member,
and wherein a pair of said locking members are
provided, one to either side of said notch, to en~
gage said second tooth and the under-cut of the
enlarged portion adjacent said notch, a wedge
plate radially positioned in said notch on each
side thereof, each of said wedge plates bearing
against a locking member, means for preventing
radial movement between said wedge plates and
locking members, a key wedge radially driven to
fill the space between said wedge plates, and
means on each of said wedge plates and engaging
the outer end of said key wedge to prevent out-
wardly radial movement of said key wedge.

5. Apparatus in accordance with c¢laim 2 where-
in said notch is centrally located in the wall of
said enlarged portion and with respect to the
base of said last blade member, the arcuate length
of said notch being less than the arcuate length
of the basal extension of the last blade member,
and wherein a pair of said-locking members gre
provided, one to either side of said notch, to en-
gage said second tooth and the under-cut of
the enlarged portion adjacent said notch, a wedge
plate radially positioned in said notch on each
side . thereof, each of said wedge plates bear-
ing against a locking member, means for pre-
venting radial movement between said wedge
plates and locking members, a key wedge radially
driven to fill the space between said wedge Dlates,
a deformable extension on the outer ends of said
wedge plates, said deformable extensions being
deformed over the outer end of said key wedge
to prevent outwardly radial movement of said
key wedge.

6. Apparatus in accordance with claim 2 where-
in said notch is centrally located in the wall of
said enlarged portion and with respect to the
base of said last blade member, the arcuate length
of said notch being less than the arcuate length
of the basal extension of the last blade mzmber,
and wherein a pair of said locking members are
provided, one to either side of said notch, to
engage said second tooth and the under-cut of
the enlarged portion adjacent said notch, a wedge
plate radially positioned in said notch on each
side thereof, each of saigd wedge plates ™earing
against a locking member, means for preventing
radial movement between said wedge plates and
locking members, a key wedge filling the space be-
tween said wedge plates, said expanded portion
extending arcuately beyond both sides of the ex-.
tension of the last blade member, the under-cut
of said enlarged portion forming a continuation
of a channel under-cut, with spacers filling said
enlarged portion including the under-cut there-
in up to the ends of the last blade member ex-
tension, said locking members abutting said spac-
ers to hold them in place.

7. A turbine blade member having a base ex-
tension formed with laterally extending teeth,
said blade member terminating at its other end
in a shroud segment having a locking pin receiv-
ing hole in each end wall thereof, with the axes
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of said locking pin recelving holes normal to
sald walls.

8. A turbine component, such as a rotor or
stator, having a plurality of blade members
radiglly extending therefrom, each of said blade
members terminating in a shroud segment in
abutment with the corresponding shroud seg-
ments of adjacently disposed blad2 members, and
locking pins' disposed within sald shroud seg-
ments and crossing the joints between abutting
surfaces of said segments with their axes nor-
ma]l to said abutting surfaces.

9. The method of locking the extremity of a
blade member of a turbine stage to the extrem-
ity of an abutting blade member, where each
blade member terminates in a shroud segment
having a locking pin hole in each abutting sur-

[
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face thereof, comprising exposing one of sald
locking pin holes through the side wall of one
of the abutting shroud segments at a point

:spaced from the abutting surface of said segment,

inserting a locking pin entirely within said ex-
posed locking pin hole prior to assembling the
blade member into position, aligning the lock-
ing pin holes of abutting surfaces, and apply-
ing pressure through sald side wall exposure to
the exposed end of said locking pin to force said
locking pin to span the joint between said abut-
ting surfaces.

10. A turbine component as in claim 8 where-
in said shroud segment terminates radially in a
plurality of labyrinth seal flanges.

ARTHUR J. PHELAN.
VILADIMIR H. PAVLECKA.
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