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This invention relates to means providing a
diaphragm in a turbine constructed and ar-
ranged for operation by elastic fluid, and espe-
cially in a turbine where the operating fluid is
utilized at high temperatures. More specifically,
the invention rélates to diaphragm means which
may be embodied in a gas turbine. The prin-
cipal object of the invention is the provision of
new and improved diaphragm means of these
types.

Where the operating fluid is utilized at high
" temperatures, and especially such temperatures
as obtain in gas turbines, difficulties are encoun-
tered by reason of the relatively large expansion
of the diaphragm means when subjected to such
high temperatures, and it is an object of the
invention to' provide new and improved dia-
phragm means which will" obviate these diffi-
culties.

Another object of the invention is the pro-
vision of diaphragm means in which is embodied
new and improved means for centering the dia-
phragm means while at the same time permit-
ting expansion and contraction thereof, and,
more specifically, permitting large expansion
and contraction which occurs by reason of a
large range of temperatures.

Other objects will appear hereinafter as the
description of the invention proceeds.

The novel features of the invention and how
the objects are attained will appear from this
specification and the accompanying drawing
showing one embodiment thereof and forming
a part of this application, and all these novel
features are mtended to be pointed out in the
claims. :

In the drawing, Fig. 1 is a fragmentary, longi-
tudinal half-sectional view of a gas turbine em-
bodying the invention; and

Fig. 2 is a cross-sectional view, partly frag-
mentary; taken on the line II—ITI looking in the
direction of the arrows.

The turbine illustrated comprises a stator 18
and a rotor ti. - The stator includes a cylinder
or casing 12 surrounding the rotor. The rotor
{i includes a spindle or shaft -13, the center
line of which is indicated by the line C. L.

The shaft 13 is here shown as carrying wheels
14, 15, each of which is provided at its outer
periphery with a set of radially extending cir-
cumferentially spaced vanes or blades 16, IT.

- Disposed between the wheels 14, {5 and sup-
ported across the space between the shaft 13
and the stator casing 12 is diaphragm means
{8. The diaphrasm means 18 comprises a
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plurality of concentric ring means, here shown
as two principal ring means (8, 20. The outer-
most ring means 18 has its outer annular pe-
riphery constructed and arranged for lost motion
connection with the stator, the outer periphery
as here shown, being adapted to fit slidably in
an annular recess 2{ in a wall portion of the
stator casing 12. The smaller ring means 20
has its outer annular periphery constructed and
arranged for lost motion connection with the
outermost ring means, the outer periphery. of

‘the smaller ring means 20, as here shown, being

adapted to fit slidably in an annular recess 22
in the inner periphery of the outermost ring
means 9. The inner periphery of the inner-
most ring means (in this instance the-smaller
ring means 20, next adjacent the outermost
ring means (9) carries in any suitable way,
shaft seal ring means 23 of any desired and
suitable type, cooperating with the surface por-
tion 24 of the shaft {3 fto prevent leakage of
gas, at the shaft, from the left side to the right
side of the diaphragm means I8.

Centering means is provided for maintaining
the plurality of ring means comprised in the
diaphragm means 18 coaxial with the shaft 13.
The centering means may include a plurality of
radial keys, abutments, pins, or other suitable
means. - In this instance a plurality of radial
pins is shown, as will more fully appear.

Considering first the centering means asso-
ciated with the outermost ring means 19. The
outermost ring means 19 has a set of a plurality
of circumferentially spaced radial holes 25 ex-
tending thereinto from the outer periphery of
the ring means, the number of holes being here
shown. as six in number; and the turbine casing
{2 has a set of a plurality of radial holes 26
extending through the casing wall, the holes 28
being of the same size and number as the holes
95" When. the parts are assembled, the holes
26 of the set in the turbine casing 12 are in
radial alinement with the holes 25 of the set in
the outermost ring means 19, and the pairs of
alined holes of the sets has slidably disposed
therein, pins 27.

The smaller ring means 20 has a set of a
plurality of circumferentially spaced radial
holes 28 etxzending thereinto from:its outer pe-
riphery, the number of holes 28 being here shown
as six in number; and the outermost ring means
i3 has a set of a plurality of radial holes 30
extending -thereinto from the inner periphery,
the holes 30 being of the same size and number
as the holes 28, 'The holes 38 of the set in the
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inner periphery of the outermost ring means 19
are in radial alinement with the holes 28 of the
set in the outer periphery of the smaller ring
means 20, and when the parts are assembled,
the pairs of alined holes of the sets have slidably
disposed therein, pins 31.

As here shown, the holes 30 of the set in the
inner periphery of the outermost ring means 19
are in radial alinement with the holes 2% of the
set of holes in the outer periphery of the outer-
most ring means (9. Furthermore, in the em-~
bodiment shown the pins 31 and the holes with
which they cooperate, are of smaller diameter
than the pins 27 and the holes with which they
cooperate.

The anular recess 2{ in the turbine casing [2
is sufficiently deep to leave annular clearance
space 48 with respect to the outer periphery of
the outermost ring means 49 such that the outer-
most ring means may freely expand, and the an-
nular recess 22 in the inner periphery of the out-
ermost ring means 189 is sufficiently deep to leave
annular clearance space 49 such that the smaller
ring means 20 may freely expand, when the parts
are subjected to the respective maximum tem-
peratures.

Radially outward movement of the pins 27 may
be limited by any suitable.means, in this instance
by plugs 32 screwed into enlarged outer ends of
the holes 26. The pins 27 and the ping 31 are of
such length that a desired suitable amount of
radial clearance will be left when the ring means
{9 and the ring means 20 have expanded to the
maximum amount.

Desirably, an annular recess 33 is formed at the
junction between the holes 25 and the holes 30;
and an annular recess 34 is formed at the bot-
toms of the holes 28. The recesses 33 and 34
provide “run-outs” for the boring and reaming
tools, making it unnecessary to bore and ream
clear to the bottom of the respective holes.

As here shown, the outermost ring means 9 is
made in two semi-circular segments fastened to-
gether by machine screws 35 cooperating with
flanges 36, 3T extending laterally from the re-
spective segments. In like manner the smaller
ring means 28 may be made in two semi-circular
segments fastened together by machine screws 38
cooperating with flanges 39, 40 extending later-
ally from the respective segments. The turbine
casing {2 may be made in halves having flanges
41, 42 held together by bolts and nuts 43. '

Gas is adapted to enter an inlet chamber 44
from which it passes through suitable nozzles 45
against the blades 16 of the wheel 14. Gas dis-
charged from the blades {6 passes through nozzles
46 which may be provided, as here shown, by a
plurality of blades interposed in and forming a
part of the inner ring means 20. From the noz-
zles 46 gas is discharged against the blades 17 of
the wheel 15, and from thence it may be dis-
charged, as here shown, to one or more other
stages 47 of the turbine.

As the outermost ring means 9 is heated, it is
free to expand radially, and when it cools off it
is free to contract radially, moving relatively to
the turbine casing in the annular recess 21, but
at all times the axis of the ring means 19 is main-
tained coaxial with the shaft 13 by the pins 21.
Likewise, the smaller ring means 20 is free to ex~
pand radially when heated and free to contract
radially when cooled, moving relatively to the out-
ermost ring means 19, and relatively to the tur-
bine casing 12, in the annular recess 22, but at all
times the axis of the smaller ring means 20 is
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maintained coaxial with the outermost ring
means 19, and hence also coaxial with the shaft
i3, by the pins 31.

The parts may be assembled as follows. As-
suming that the upper half of the turbine casing
12 has not yet been applied, and that the seal ring -
means 23, which, if desired, may be in segments,
has been assembled with the respective halves of
the smaller ring means 20, the halves of the
smaller ring means 20 are placed about the shaft
and the halves fastened together with the screws
38. Then the halves of the outermost ring
means {9 are positioned around the smaller ring
means 20, the halves of the ring means 19 are fas-
tened together by the screws 35, and the pins 31
are inserted, through the holes 25, into the holes
383, 28, the holes 30 and holes 28 having been
brought into alinement. Then the upper half of
the turbine casing 12 is positioned on the lower
half thereof, and the pins 27T are inserted, through
the holes 28, into the holes 25, the holes 25 having
been positioned in alinement with the holes 26.
The pins 27, as hereinbefore mentioned, are pre-
vented from moving radially outwardly by apply-
ing the plugs 32.

‘While the holes 25 and 30 could be made of the
same diameter and a single pin could be substi-
tuted for the two pins 27 and 31, the embodiment
illustrated is preferred because the use of two pins
27 and 8! of different diameters facilitates manu-
facturing operations. For example, the holes 30
and 28, can be line reamed with a small reamer
durine assembly of ring means 19 and ring means
20, without affecting hole 25. Subsequently, hole
25 and hole 26 may be line reamed together when
assembling ring means 9 and cylinder 2. It
would be possible but more complicated to tem-
porarily aline cylinder {2, ring means 19, and
ring means 28 and line ream clear through all
three of these parts for the same size of pin.
While the same final result would be achieved,
the use of two pins of different diameters is pre-
ferred for the reasons hereinbefore stated.

From the foregoing it will be apparent to those
skilled in the art that the illustrated embodiment
of the invention provides a new and improved tur-
bine diaphragm and accordingly accomplishes the
objects of the invention. On the other hand, it
will also be obvious to those skilled in the art that
the illustrated embodiment of the invention may
be variously changed and modified, or features
thereof singly or collectively, embodied in other
combinations than those illustrated without de-
parting from the spirit of the invention, or sac-
rificing all of the advantages thereof, and that,
accordingly, the disclosed embodiment is illus-
trative only, and the invention is not limited
thereto.

It is claimed and desired to secure by Letters
Patent:

1. A turbine constructed and arranged for
operation by elastic fluid, comprising: a rotor
shaft; an annular wall surrounding said shaft
and leaving a space between said wall and said
shaft; diaphragm means including a plurality of
concentric ring means across said space, the
outermost of said ring means having a lost mo-
tion connection with said annular wall, and hav-
ing a lost motion connection with adjacent small-
er ring means; first centering means for main-
taining said outermost ring means coaxial with
said shaft while permitting free expansion and
contraction of said outermost ring means in all
radial directions, said first centering means in-
cluding a first plurality of sets of circumferen-
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tially spaced holes in said outermost ring means
and said wall respectively, holes of said respective
sets being in radial alinement and a plurality of
first members cooperating with alined sets of
said first plurality of sets; and second centering
means for maintaining said smaller ring means
coaxial with said shaft while permitting free ex-
pansion and contraction of said smaller ring
means in all radial directions, said second center-
ing means including a second pluraiity of sets
of circumnferentially spaced holes in said outer-
most ring means and said smaller ring means
respectively, holes of said respective sets being
in radial alinement and in radial alinement with
alined holes of said first plurality of sets, and
a plurality of second members, separate from said
first members, cooperating with alined sets of
said second plurality of sets.

2. A turbine constructed and arranged for
operation by elastic fluid, comprising: a rotor
shaft; an annular wall surrounding said shaft
and leaving a space between said wall and said
shaft; diaphragm means including a plurality of
concentric ring means across said space, the
outermost of said ring means having a lost mo-
tion connection with said annular wall, and hav-
ing a lost motion connection with the adjacent
smaller ring means; first centering means for
maintaining said outermost ring means coaxial
with said shaft while permitting free expansion
and contraction of said outermost ring means in
all radial directions, said first centering means
ineluding a first plurality of sets of circumfer-
entially spaced holes in said outermost ring
means and said wall respectively, the holes of
each set being in radial alinement; second cen-
tering means for maintaining said smaller ring
means coaxial with said shaft while permitting
free expansion and contraction of said smaller
ring means in all radial directions, said second
centering means including a second plurality of
sets of circumferentially spaced holes in said
outermost ring means and said smaller ring
means respectively, the holes of each set being
in radial alinement; said first plurality of sets
comprising sets which are radially alined with
sets of said second plurality of sets; and said
first and second centering means including mem-

bers cooperating with alined sets of said first

and second plurality of sets.

3. A turbine constructed and arranged for
operation by elastic fluid, comprising: a rotor
shaft; an annular wall surrounding said shaft
and leaving a space between said wall and said
shaft; diaphragm means including a plurality
of concentric ring means across said space, the
outermost of said ring means having a lost
motion connection with said annular wall, and
having a lost motion connection with adjacent
smaller ring means; first centering means for
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maintaining said outermost ring means coaxial
with said shaft while permitting free expansion
and contraction of said outermost ring means
in all radial directions, said first centering means
including a first plurality of sets of circumferen-
tially spaced holes in said outermost ring means
and said wall respectively, the 'holes of each set
being in radial alinement and a plurality of first
members cooperating with alined sets of said
first plurality of sets; and second centering
means for maintaining said smaller ring means
coaxial with said shaft while permitting free
expansion and contraction of said smaller ring
means in all radial directions, said second center-
ing - means including a second plurality of sets
of circumferentially spaced holes in said outer-
most ring means and said smaller ring means
respectively, the holes of each set being in radial
alinement with and of smaller diameter than
the holes of said first plurality of sets, and a
plurality of second members, separate from said
first members, cooperating with alined sets of
said second plurality of sets.

4. A turbine constructed and arranged for
operation by elastic fluid, comprising: a rotor
shaft; an annular wall surrounding said shaft
and leaving a space between said wall and said
shaft; diaphragm means supported across said
space, said diaphragm means including a plu-
rality of concentric ring means, the outermost
of said ring means having a lost motion connec-
tion in all radial directions with said annular
wall, and having a lost motion connection in
all radial directions with the adjacent smaller
ring means; and centering means for maintain-
ing said plurality of fing means coaxial with said
shaft while permitting free expansion and con-
traction of said plurality of ring means radially
in all directions relatively to each other and rela-
tively to said annular wall, said centering means
ineluding a plurality of circumferentially spaced
members cooperative with a plurality of sets of
circumferentially spaced holes in said plurality
of ring means and said wall respectively, the
holes of each set being in radial alinement with
the holes of the other sets. .

JAMES 1. RAY.
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