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“Fames L. "Ra,y,’“‘Lt“)fxg‘ Beach, Calif., assignor to
“Allis-Chalmers Manufacturing “Company, Mil-
- waukee, Wis:;-a corporation of Delaware
. Application October 31, 1946, Serial No. 706,935

' 14" Claims.
1 ‘
~"This invéntion relates to means providing a dia-
phragm in- 3 turbine .constructed .and arranged
for operation by elastic:fiuid; and ‘espécially in.a
‘turbine where. the operdting fluid is utilized ‘at
high temperatures. The.invention is adapted to
be embodied in.a gas fiirbine, and, more specifi-
¢ally, the invention relates to diaphragm means
in which is embodied sealing means: between the
diaphragm means proper and‘the’ turbine 'shaft.
The principal objéct. of the inyexntion is to; pro-
ide new -and improved ‘diaphragm  nieans. ‘of
.these-types. .

“rThe usual Steam turbine practice of. support-
ing” diaphragm ‘seal ring” means* by ‘means ‘of
.§prings, the ‘sonstruction’and. arrangement being
siich ‘as to permit the seal.ring means to deflect
When contacted by the shaft, cannot be” used
in ‘gas turbines because the springs relax “at the
high temperatures prevafling, "It "is" an ‘object
of the invention to provide new -and “improved
diaphragn means comprising “seal ringmeans
“which will obviate this difficulty. '

* A more” specific object of the invention is-the
.provision of new and improved diaphrgam- means
-coriptising seal ring means'in which-the'seal ring
medns is resiliently biased toward-the shaft and

Will Tesiliently yield and-deflect when"contacted
‘by"the shaft; and wherein the ‘refilience”is un-
“4ffected by “the high-temperatures prevailing.

" A still. more specific objéct of the invention'is
“the’ provision “of - new:and improved‘ diaphragm

‘means comprising “séal 'ring-means in-which- the
‘yasilience of “an. elastic' ‘Auidg- origasis utilized
"to provide the desired: resilient ‘biasing-ahd'yield-
“ing 'effect. ‘ : ‘

“'Other objects ‘Wwill “appear-hereinafter-as: the
-description’of the invention- proceeds. -

OfThe: novel “features of "the invention-and -how

“the ‘objects-are attained -will appear!from this

specification and the -accompanying drawing
ighowing several: embodiments thereof :and: form-
-fhg a part:of this .application, and:all these novel
:fegtures are intended.to be: ;pointedriout :in:the
Jelaims. o

“In the drawing, Fig. l:isvanienlarged.longi- .

-tudinal: sectional .view,.on; the:line: I--T; of -Fig.

2.looking:in the.direction.of the.arrows,.showing
.a fragment:of. @ -half-section:iof-a.gas. turbine
. embodying-the: invention; :

- g, 2 is.a-section,:on a.reduced scale; .taken

on.the line II—II of Fig.. 1, looking.in the . direc~

tion of the.arrows,. partly, broken-away to show

-one-of the biasing elements; C T
" Pig. 3 is.a longitudinal sectional view, .on an

enlarged scale, ‘of 4 biasing'means element. used . 1 5ef
‘ - 599 portiohi#28 “(see for -‘example-segment. 22)-Fig.+1),

in the embodiment of Figs. 1 and'2; "~

(CL:"286-=10)
2
.. Fig. 4s a fragmentary .sectional view. taken
on the line IV-—IV.of Fig. 3, looking. in the direc-
tion .of the:arrows;
- Fig, 5.is a fragmentary radial sectional view "
 -of a detail illustrating another embodiment;, and
. Fig:. 6 is.a: fragmentary. sectional, view.. taken
.on;the;line VI—VI.of Fig. 5, looking in'the direc-
-tion of the-arrows. B
-, /The turbine. illustrated comprises. a stator and
ii -@; rotor. . The stator;includes.a. cylinder or:casing
.10 surrounding.the rotor. .As shown.in Fig..2
the casing ‘10 is made in segmental halves having
.cooperable pairs:of flanges 11, 12 which may be" -
_fastened .together by olts :(not. shown)..or. in-

‘16 .any suitable way. - The, rotor.includes, a. spindie

.or shaft.13. The;shaft:13.is here shown as carry-
.ing wheels: 14,.15.each.of:which.is provided.atb. its -
.outer periphery:with.a.set of radially .extending
_circumferentially,spaced .vanes.or.blades 16, 11.
20 ..Disposed:-hetween the wheels .14, .15 and, sup-
" .ported across.thespace hetween. the;shaft [3.and

.the stator .casing .10. is-diaphragm means. ‘The .

. diaphragm means, is here:shown.as comprising a
_single ring-means.|8:which, similarly. to.the cas-

- 25 ing 10, may be made in segmental halves fastened

.together, in any .suitable way.. Interposed in and
.forming. a. part.of ;the ring means. 18.are a plu-
~rality of blades 19 providing.nozzles for-direct-
-ing gasyagainst ;the blades .17 of ;the wheel, i5.

.30 - The ring means. 18 is, here; shown -as_having

its outer-annular periphery.constructed -and ar-
.ranged: for -lost.-motion. connection with the sta-.
~tor; to permit, expansion..and. contraction: of the
.ring means;; the outer periphery; as here shown,

.35 being adapted to fit slidably in an annular.recess

- .20:in aywaltportioniof the stator:easing:10.: Any
.suitablescenteringmeans: {not. shown) -may.be
-provided:for maintaining:the:ringsmeans:18: co-
_axialiwith:the:casing:10:and:hence coaxial-with

;40 : the-mormal ;position of the: axis;of:the. shaft; 13..

sCarried: by: the:ring-means =18 .at sits- inner
speriphery:isisealsring nieans :21;.eres shown -
~(gee Fig. 2). as comprising:four arcuate:segments
+22:123;:28; 25, each of .approximately 90°.. Tt will
45 e understood that-the number of segments:may
i’he @ -desired:suitable :number-.other:thanifour.

i Egch-segmenti22-425.is: provided: with. aude-
+gired numberiof dxially-spaced; arcuate V=shaped

.projections 26-the points:of which-are cooperable . ‘

0 with annular projections: 27von the shaft=i3ito
-:prevent -passageof-gas, atithe: shaft;-from-one
'gide’of the‘diaphragm means 18;21,-t0-fhe- other "
“as will'be understood-by these skilled-in-the-art.
* Each ‘segment*22::25is-here-shown- as having a
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of reduced axial width which fits slidably in an
annular recess 28 in the inner periphery of the
ring means I8. Radially inward movement of
each segment is here shown as limited by the
provision of laterally extending arcuate flanges
38, 3! on the reduced portion 28, the flanges
being disposed in annular recesses 32, 33 extend-
ing in opposite axial directions into the opposite
‘walls of the recess 28, 'In the position of the
parts shown, when the flanges 36, 31 are in en-
‘gagement with the radially inner surfaces of the
recesses 32, 33, the points of the V-shaped pro-
“jections 26 are in the desired close juxtaposition
with the annular projections 27, Also, in this

position of the parts a desired suitable cleararice.

10

exists between the radially outer surface of the
flanges .38, 81 and the radially cuter surfaces of

the recesses. 32, 33. Each segment: 22—25 is re-
siliently, yieldably held in-the desired position by
biasing means which, in this instance, includes
two elements for each sesment, cooperable with
’circumferentially spaced portions of the respec-
tive segment; - Referring to segment 22 by-way
_.of example, this segment is biaséd by two ele-
ments 384," 85, and as seen in Mg, 2, -one .of the
biasing elements 34 is here shown as positioned
to dct against the segment 22 at or near one

end thereof and the other element 35 is pOsi-"

tioned. to act against the segment 22 at or near
the other end thereof. The sesment 23 is siri-

larly biased by elements 34d; 35a, the remaining :°

‘segments - being: similarly biased by pairs -of
elements.

the head 44 and the adjacent under side of the
cover 37 to permit compression of the element as
will appear. .

The elements 34, 85, and so on, are freely dis-
posed in recesses extending radially into the ring
means {8.. One of these recesses, 41, is shown
in section in Fig. 1. The construction and ar-
rangement is such that the cover 387 engages the
end of the recess 47 and the cover 38 engages the
radially outer surface of the seal ring means 22.
As here shown a small radially extending recess
48 is provided to accommodate the free end of
the tube 40. ‘

It will be understood that the elements 34, 35
may be placed in the respective recesses 47 and
the flanges 3§, 31 of the segment 22, for example,
inserted into the annular recesses 32, 33 vy cir-

- cumferential movement, If desired, recesses 41a,

Referring now to E"ig.’ 3. which shows one of

‘the biasing elements in detail, the element 34 is o

in the nature of a capsule and comprises a bel-
lows $6 made of suitable metallic material or
‘other suitable heat resistant material. The bel-
lows 86 is conveniently made of ‘generally cylin-

‘drical form and provided ‘with generally disk- 4

form end covers 31, 88. The ends of the bellows
36 are welded or otherwise suitably fastened, gas
tight, to the covers 31, 38, the covers being here
‘shown as provided with annular flanges §§ which
‘are recessed to accommodate the ends of the
bellows.

The cover 87 is here shown as provided with a
- gas inlet tube 48 welded at 41, or otherwise suit-
ably fastened, gas tight, in an aperture in the
‘cover. Gas may be introduced into the bellows

38 through the tube 46, the tube being sealed :

by welding 42, when the gas pressure within the
“bellows is at a desired selected value, Thus the
element &4 is hermetically sealed so that the de-
sired internal gas pressure will be retained per-
manently. :

" Desirably, means is provided to prevent exces-
sive expansion of the bellows 36. Such means
~is here shown as comprising a rod 43 which may
be welded to an inside surface of the cover 38,
the rod being provided with a head 44 engageable
with projections 45, 46 extending radially inward
from. the end of a flange extending axially from
the-inside of the cover 37. The head 44 and pro-
jections 45, 48 may be so formed that these parts
may be readily assembled, the head being here
shown as construected and arranged so that it will
pass through a gap between the projections, the
barts being then turned 90° to the position shown
in Pig. 4, before the bellows 36 is welded to the
cover 37 or the cover 38.

- Desirably, a suitable clearance exists between
" -the under surface of the head 44 and the adja-
cent surfaces of the projections 45, 46 when the
element 34 has been completed. A suitable clear-
. ance also exists between the upper surface of
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corresponding to recesses 41, may be made axial-
1y accessible by forming them with an aperture
49 extending axially into a face of ring means

'18a as shown in Fig. 6, the ring means {8a corre-

sponding to ring means 18. A seal ring segment
22¢ and a biasing element 344 may then be assem-
bled sidewise with the ring means 18a, and held
in position by a plate 58 fastenable by screws 51
to the ring means (8a, the plate 56 having an
annular recess 33¢ corresponding %o the annhular
recess 33 of Fig. 1, arid being here shown as hav-
ing dn annular axially extending flange 52 co-
cperating  with an annular recess in the ring
means 18a. ‘

It will be evident that the elements 34, 35 and
50 on will resiliently bias the seal ring means 2§
toward the shaft 13 and one or more of the ele-
ments will resiliently yield to permit radial local
movement or deflection of the seal ring means
in accordance with the particular radial direc-
tion and amount of movement of the shaft 13.
The clearance between the head 44 and the adja-
cent inner surface of the cover 31, and the clear-
ance between the radially outer surfaces of the
flanges 38, 81 and the radially outer surfaces
of the recesses 32, 33, are made sufficient to
allow for the maximum anticipated movement of
the seal ring means 21 by reason of radial move-
ment of the shaft {3. It will also be evident that
the biasing foree provided by the biasing elements
34, 35 and so on will not be lessened under high
temperature conditions. ’

Desirably, but not essentially, a small hole 54
(Fig. 1) is provided, this hole placing the recess
47 in communication with the upstream side of
the diaphragm means. This is to assure that the
external fluid pressure on the bellows 36 is the
same.as that at.the upstream side of the dia-
bhragm means. It will be understood that a
similar hole 54 may be provided for each recess
41. The hole 54a, Fig. 5, corresponds to the hole
24, ‘

From the foregoing it will be apparent to those
skilled in the . art that the illustrated embodi-
ments of the invention provide new and improved
turbine diaphragms and accordingly accomplish
the objects of the invention. On the other hand,

-1t will also be obvious to those skilled in the art
-that the illustrated embodiments of the. inven-

tion may be variously changed and modified, or
features thereof singly or collectively, embodied
in other combinations than those illustrated

~without departing from the spirit of the inven-

tion, or sacrificing all of the advantages thereof,

-and that, accordingly, the disclosed embodiments
are illustrative only, and the invention ‘is not

limited thereto. o
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‘lost ‘motion connect1on means be
_,permlttmg relative radlal moveme t- t rebe-
tween one of ‘said, parts havmg‘

'fsa1d receptacle being. dispos
removable therefrom ‘merely

' nd’
‘when in said recess vieldingly g .

‘tive radial movement of at least 5 portlon of sa1d
‘parts

_‘surroundlng sald rotor shaft of
structed and arranced for oper

‘dlaphragm means havmg a plurahty (o) ‘

ferentially ‘spaced Tecesses; sealing ‘means in-
cluding a plurality of segments forming a ring
about and ‘cooperable with said -shaft and co-
operable with and movable radially with respect

to said primary d1aphragm means; the openings .
of said recesses facing toward said sealing means

and resilient means for biasihg said  sealing
means toward said shaft, said biasing means in-
cluding a plurality of hermetically sealed bel-
Jlows of heat resistant mater1a1 containing an

inert gas, said plurallty of  bellows be1ng dig-"

Tposed in sald recesses respectlvely and removable‘
-therefrom merely by relative. Imovement, of said
_bellows and ‘the respectwe recesses, sald bellows

‘when in said recesses yleldmgly perm1tt1ng radlal '

movement. of said segments respectwely

3. 'Meaxs providing a d1aphragm for the space
between the rotor shaft and an annular wall
surrounding said rotor shaft .of a turbine con-
.structed and arranged . for operation by  elastic

fluid, comprising: at least two concentric parts; 4 ;

Jost motion connection means between said parts
permitting relative radial movement therebe-
tween; one of said parts having at least one re-
cess the opening of which faces toward the other
of said parts; resilient means for biasing said
parts radially away from each other, said bias-
ing means including at least one hermetically
sealed receptacle containing elastic fluid, said
receptacle being disposed in said recess and re-
movable from said recess merely by relative
movement of said receptacle and recess, said
receptacle when in said recess yieldingly per-
mitting relative radial movement of at least a
portion of said parts; and means. whereby the
fluid pressure in- said recess is equalized with
the fluid pressure within said annular wall at a
selected side of said diaphragm means.

4, Means providing a diaphragm for the space
between the rotor shaft and an annular wall
surrounding said rotor shaft of a turbine con-
structed and arranged for operation by elastic
fluid, said diaphragm means including relatively
radially movable parts, and means for yieldingly
biasing said parts radially away from each other
comprising hermetically sealed receptacle means

90
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radlally in sealmg relatlon w1th respect to
‘ahnular wall, ‘séaling ‘means cooperable ‘with'
shaft, and .cooperable with and movable. radi
Wwith, respect to 'said ‘primar; '1aphragm X
and means, for 'y1eld1ng1y biasing said sealing
‘means toward saic rising hermetically
sealed receptacle means .containing elastic ﬂu1d
reacting oppos1tely rad1ally towald sa1d p11mary
d1aphragm means, and said sealmg means,
8. Means pr0v1dmg a dlaphragm for the s

between the rotor shaft and an, annular wall sur-
roundmg said rotor shaftof a turbme constructed
and arranged for operatlon by elastic. flu1d sa1d
diaphragm. means including. relat1vely rad1ally
movable parts, and means for: yleldmgly b1asm§r
said. parts radially away from each . other com-
prising a. plurality of cucumferent1ally spaced
hermetlcally sealed receptacles containing elas-
tic fluid, 1nd1v1dually reacting radially oppos1tely
toward said parts.

7. Means prov1d1ng a dlaphragm for the space

‘between the rotor shaft and an annular wall sur-

rounding said rotor shaft of & turbme constructed
and arranged for operatmn by elastic fluid, ‘said
.diaphragm ~means. including relatwely radlally
‘movahle parts, and means for yieldingly biasing
said parts rad1ally away, from each other ‘com-
prising a. hermet1cally sealed bellows contamimI
an iniert gas, reacting radially oppos1tely toward
‘'said parts. . . .

8. Means prov1d1ng a d1aphragm for the space
betvveen the rotor shaft’ and an annularn wall sur-
rounding | said rotor shaft of a. turbine con-
structed and arranged. for operatlon by. elastlc

) ‘fluld ‘said diaphragm means including primary

60
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phragm means cooperable with and movable
fally in séaling relation with respect to said
annular wall, sealing means cooperable w1th sald
shaft and cooperable wlth and movable rad1ally
‘with respect to said primary d1aphragm means,

Jand means. for .yieldingly biasing said sealing
frieans toward Said shaft comprising a hermeti-

cally sealed bellows of heat resistant material
containing an inert gas, reacting oppositely ra-
dially toward said primary diaphragm means and
said sealing means.

9. Means providing a diaphragm for the space
between the rotor shaft and an annular wall sur-
rounding said rotor shaft of a turbine constructed

-and arranged for operation by elastic fluid, said

diaphragm means including at least two concen-
tric - parts, lost motion connection means he-
tween said parts permitting relative radial move-
ment therebetween; one of said parts having at
least one recess facing an adjacent one of said
parts, and means for yieldingly biasing said parts
radially away from each other comprising. at
least one hermetically sealed receptable contain-
ing elastic fluid disposed in said recess and re-
actitng oppositely radially toward said adjacent
parts.

10. Means providing a diaphragm for the space
between the rotor shaft and an annular wall sur-
rounding said rotor shaft of a turbine constructed
and arranged for operation by elastic fluid, said
diaphragm means including primary diaphragm
means cooperable with and movable radially in
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sealing relation with respect to said annular wall,
sealing means including a plurality of segments
forming a ring about and cooperable with said
Shaft and cooperable with and movable radially
‘with respect to said primary diaphragm means,
and means. for yieldingly biasing said sealing
means toward said shaft comprising a plurality

<

of hermetically 'sealed receptacles containing .

elastic fluid, reacting oppositely radially toward
said primary diaphragm means and said sealing
_means. :

11. Means providing a diaphragm for the space
between the rotor shaft and an annular wall sur-
rounding said rotor shaft of a turbine constructed
and arranged for operation by elastic fluid, said
diaphragm means including primary diaphragm
means_cooperable with and movable radially in
sealing relation with respect to said annular wall,
sealing means including a plurality of segments
forming a ring about and cooperable with said
shaft and cooperable with and movable radially
with respect to said primary diaphragm means,
and means for yieldingly biasing said sealing
means toward said shaft comprising a plurality
of hermetically sealed bellows of heat resistant
material containing an inert gas, individually
‘reacting radially oppositely toward said primary
diaphragm means and said sealing means.

12. Means providing a diaphragm for the space
between the rotor shaft and an annular wall
surrounding said rotor shaft of a turbine con-
structed and arranged for operation by elastic
fluid, said diaphragm means including primary
diaphragm means cooperable with and movable
radially in sealing relation with respect to said
annular wall, said diaphragm means having a
plurality of circumferentially spaced radially di-
rected recesses, sealing means including a plu-
rality of segments forming a ring about and co-
operable with said shaft and cooperable with
and movable radially with respect to said primary
diaphragm means, and means for yieldingly bias-
ing said sealing means toward said shaft com-
prising a plurality of hermetically sealed bellows
of heat resistant material containing an inert
gas, disposed in said recesses respectively and
individually reacting radially oppositely toward
said primary diaphragm means and said sealing
means,

10
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13. Means providing a diaphragm for the space 50

8

between the rotor shaft and an annular wall
surrounding said rotor shaft of a turbine con-
structed and arranged for operation by elastic
fluid, said diaphragm means including relative-
Iy radially movable parts, means for yieldingly
biasing said parts radially away from each other
comprising hermetically sealed receptacle means
containing elastic fiuid, reacting radially op-
positely toward said parts, and means whereby
the external fluid pressure on said receptacle
means is equalized with the fluid pressure with-
in said annular wall at a selected side of said
diaphragm means.

14, Means providing a diaphragm for the space
between the rotor shaft and an annular wall
surrounding said rotor shaft of a turbine con-
structed and arranged for operation by elastic
fluid, said diaphragm means including at least
twob concentric parts, lost motion connection
means between said parts permitting relative
radial movement therebetween, one of said parts
having at least one radially facing recess; means
for yieldingly biasing said parts radially away
from each other comprising at least one her-
metically sealed receptacle containing elastic
fluid disposed in said recess and reacting radially
oppositely toward said parts, and means where-
by the fluid pressure in said recess is equalized
with the fluid pressure within said annular wall
at a selected side of said diaphragm means.

JAMES L. RAY,
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