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ELASTIC FLUID TURBINE

Application filed May 23,

My invention relates to elastic fluid tur-
bines, more particularly to that type employ-
ing packing elements normally defining fine

‘cle‘uances, but: which may be dlsposed to

provide large clearances upon axial move-
ment. of the rotor, and it has for an object
to provide apparatus of this character where-
in the packing elements may have greater
durability under varied conditions ot opera-
tion.

On account of chstortlon, e‘ipanswn and
contraction effects, or warping; usually tak-
ing place when a turbine is started‘ or is op-
erating under reduced or no load conditions,

.1t is desirable to increase the clearances in

2;3

order to avold rubbing or injury to the pack-
ing elements.  On the other hand, when op-
erating under full load conditions, it'is de-
sirable that the clearances shall be reduced to
a minimuvm in order to avoid the leakage of
steam. - Accordingly, therefore, it is a more
particular object of my invention to provide
a turbine of this character with means for
shifting the rotor axially in order that the
packlno elements may define large clearances
under reduced load or starting and stopping
conditions and small clearances when operat—

" ing normally.

While I may -provide manual means for
shifting the turbine rotor axially for the
purposes stated, I prefer to do this automati-
cally to remove the responsibility from-the
operator. Accordingly, therefore, it is a

more partlcalar objectof my invention to

provide for shifting of the turbine rotor for
the purposes stated by means responswe to

~ the load conditions.

1
2

These and other ob]ects are effected by my

iivention, as will be apparent from the fol-

lowing description and claims taken in con-
nection with the accompanying drawings,

forming a part of this application, in whvch

Fig. 1'is a longitudinal sectional view of
a turbine havmcr my improvement applwed
thercto,
- Fig. 2 is a detail view showing a portion
of the oper: ating mechanism in section;
Tig. 3 1s a sectional view showing the thrust

: beumg,

- Fig. 4 is a detail View, shown partly in

1929. Serial No. 365,483,

section, of motion-limiting means for the

rotor;

Fig.
a tmbme, similar to Fig. 1, but showing an-
other form of automatic mechanism for con-
trolling axial shifting of the rotor;

Fig. 6 is a detail view of a portion of the
ahtomatlc operating mechanism employed in
Fig. 5;

1410 7 shows a turbine in side elevation
with automatic mechanism controlling shift-
ing of the rotor in response to operation of
the speed changer;

Fig.8isa ha(rmentary view of a turbine
showmo the automatic mechanism respon-
sive to mlet steam pressure;

Fig. 9 is a view similar to Fig. 7 but show-
ing the antomatic mechanism responsive to
pressure existing in the exhaust chamber,

Fig.101isa view similar to Fig. 7 and show-
ing the automatlc mechanisim responalve to
load conditions of the generator driven by the
turbine;

Fig. 11 is a detail v1ew of one type of
turbine blade;

Fig. 121is a “detail view of an end-tigh: ened
turbine blade; .

Fig. 13 is a detail view of packmor of the
end- t1crhtened type which may be used in
connection with dummy pistons, dmphragms,
or with glands; and,

Figs. 14 15 and 16 ave detail views of pack-

ing of the radial type which may be disposed

to ‘3rov1de large clearances.
Relerrlnc now to the drawings more in de-

housmo or cylmdei construction 10 and a
rotor 11 the rotor belng supported-in proper
relation with respect to the housmg construc-

tion by suitable bearings 12." Glands 13 are .

arranged between the ends of the casing and
the rotor or spindle 11. As'shown, steam or
elastic fluid enters the chamber 14 from any
snitable valve mechanism (not shown), the
steam undergoes pressure-velocity conversion

in the nozzles 15, and the high velocity steam

has ‘velocity energy abstracted therefrom
-preferably in'the velocity compounded stage,
at 16. 'Thereafter, the steam  preferably
undergoes fractional expansion in the blading

5 is a longitudinal sectional view of
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shown at 17 , 18 and 19, and steam leaving the
last row of such blading enters the exhaust
chamber 20 from which it passes to a con-

-denser (not shown). While I have referred

to turbine blading or stages at 16, 17, 18 and
19, it is to be understood that, so far as my
invention is concerned, any form or-arrange-
ment of blading may be used so long as the
principles of my invention may be advantage-
ously utilized.

The blading 17, 18 and 19 may be of the
reaction type, in which case it is necessary
to employ a dummy piston or pistons indi-

cated- at 22 and 28 for cournterbilancing the

differences in pressure existing between the
admission and exhaust ends of the reaction
blading. . In accordance with my invention, I
prefer to have dummy pistons of such size
and -arrangement-as to counterbalance sub-

; stantially all-of the end thrust created by the

~differences in steam pressure existing between
~the -admission and exhaust ends of the re-

30

action turbine blading. B
With the form of turbine shown in Fig. 1,

5 the glands 18, the dummy pistons 22 and 28,

and some of the blading 17,18 and 19 are so
arranged that; in-one endwise position of the
rotor, small clearances are-defined and, in
another - endwise position thereof, larger
clearances are defined.

With respect tothe turbine klading provid-
ing variable. clearance, reference is made to
Figs: 11 and 12 shewing two types.  In Fig.
11, the‘moying blades 25 carried by the rotor
11-have their tips inclined, as indicated at

26, to cooperate with the interior inclined

45

50

60

~small clearance to avoid tip leakage.
‘rotor: with this type of blading is shiftable to
‘define small and large clearances.

surface of the housing.or casing construction
10.” With the blade 25 in full line position,
minimum-clearance is defined between its tip
96 and the interior inclined surface 27 of the

-casing. construction 103 and, if the rotor is

shifted to the dotted line position, larger
clearance is-defined. = - '

- With the end-tightened form of biading.
:shown in - Fig. 12, the moving blades 28 car-

ried by the rotor 11 are provided with-sharp-
edged shrouds 29 which cooperate laterally
with.any suitable structure, for example, the
root portion structure 30 of the fixed blades
81, the shrouds 29 and the root portion-30 con-
stituting end-tightened packing to -define
The

_ Fig. 18 shows end-tightened packing suit-

-able for the glands and dummies and capable,
“depending upon longitudinal adjustment of

the rotor,-of defining large and small clear-
ances.’ -

. radial packing elements, wherein, upon longi-

tudinal movement of the rotor to the dotted

~line ‘position shown in Figs. 14 and 15, the

packing-elements are disposed-out of registry,

“thereby providing largesafe clearances.

Figs. 14, 15 and 16 show three forms of

mgs 47. . )
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At times, particularly when stopping and

starting up, due to expansion and contrac-

tion effects, to warping, or possibly to a cer-
tain amount of mechanical unbalance, there
is likelihood of the packing elements rubbing
or being injured if the clearances are too
small. - On the other hand, when operating
under normal full load conditions, the clear-
ances should be reduced as much as prac-
ticable to minimize leakage. In Fig:. 1, I
show apparatus for shifting the rotor axially
so that:the packing elements may define large
and small clearances when required. When
shutting down the turbine or when starting,
the operator should adjust the turbine rotor
so that the packing elements define minimum
clearances; and, after reaching full power
conditions, the rotor should be shifted axially
in order to reduce the clearances. '

In Fig. 1, I show a thrust bearing 31 con-
nected so as to move axially with the rotor.
Upon reference to Fig. 8,it will be noted that
the thrust bearing consists'of a housing 82 ar-
ranged ‘to enclose thrust bearing segments 33
cooperating with opposed sides of the thrust
collar 34 carried by the rotor shaft 11. The
thrust ‘bearing -is ‘movable axially with re-
spect to the housing structure 35, any suitable
guide bearing means, as indicated at 36, be-

ing provided. The thrust bearing is ‘also’

guided by the housing construction 35 due
to projections 37 engaging in recesses 88 pro-
vided by the housing construction; however,
the recesses 88 and the projections 37 perform
other functions, namely, they prevent the
thrust:-bearing from turning with respect to
the housing structure 85 and the projections

‘37 coperate with either abutment surface for

the purposeof limiting the axial movement of

the turbine rotor.

If the thrust bearing housing is moved

axially, the turbine rotor will be similarly

moved. Accordingly, means is provided for
shifting the thrust bearing and-the turbine
rotor -so that the packing elements carried

‘by the rotor may occupy either a position de-
fining’ minimum -clearances or a position de-

fining maximum clearances.  To thisend, the

external thread 40 arranged to engage the
internal thread 41 of a worm gear ring 42,

70
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‘thrust bearing -‘housing is provided with ‘an

1156

the latter ring being arranged in a recess 43 -

provided in the housing construction 85 and

‘being prevented from axial movement by
lateral abutments 44 constituting walls of the

annular recess 48. The gear ring 42 meshes

“with a worm 45 carried by the shaft 46, the

latter being carried by bearings 47 secured
in place with respect to the housing construc-
tion 85, which is extended laterally in order
to provide a.chamber 48 for the worm and to
provide material for supporting-the bear-

The shaft 46 extehds 611tfv#rdly from the

‘housing construction 85.and: is connected to
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any suitable device for operating the same.
As shown in Fig. 2, an operating hand wheel
49 is secured to the outer end of the shaft 46.

From the structure described, it will -be
apparent that if the turbine rotor occupies a
position such that the packing elements define
minimum clearances, 1t may be shifted to de-
fine larger clearances by operation of the
hand wheel 49, the latter operating through

1o the worm gear 42 and the threads 40 and 41 to

secure- shifting of the thrust bearing and
therefore of the rotor.

Movement of the rotor in either direction
is limited by -suitable abutment means. Re-
ferring to Figs. 2, 3 and 4, the projections
37, already referred to, cooperate with abut-
ment surfaces 50 provided in the recesses 38
to limit -axial movement of the thrust bear-
ing and of the rotor, the projections 87 pref-
erably being provided with spacing means
so that the clearance existing with respect
to the-end walls of the recesses 88 may be
suitably varied to secure an accurate range of
movement. To this end, each side c¢f each
projection 37 is provided with abutment

blocks 51 spaced from: the projection 87 by

shims 52, the blocks and shims being secured
to the projections in any suitable manner, as
by-the screws 53.  After suitably adjusting
the abutment blocks with respect to the
abutment surfaces 50, the rotor may be shift-
ed so that its packing elements define either
minimum or maximum. clearances merely by
operating the hand wheel 49 until the abut-
ment means prevents further operation, at
which time the rotor will be either in the
position. for minimum clearances or in the
position for maximum clearances.. When
shutting down the turbine or when starting
up, the opérator will -adjust the turbine rotor
for maximum eclearances so as to avoid the

‘possibility of injury to the packing elements

due to- irregular expansion and contraction
effects, to warping, or possibly to effects of
unbalance brought about due to temperature
changes.  After the turbine is operating un-
der full load, the operator may then shift
the rotor ‘axially until limited by the abut-

- ment -means, whereupon the packing ele-

ments will be in a position defining minimum

‘clearances. - ‘

The thrust bearing housing is preferably

.moved - automatically in :accordance. with
-some load condition of the turbine, by suit-

able mechanism such' as shown in Kig. 1.
This mechanism ig controlled in accordance

"with the admission of steam to the turbine.

A pinion 49’ is secured to the end of the

‘shaft 46 and meshes with a rack 114, the lat-
ter being connected to a piston 115 operating-
‘in-acylinder 116. - The mechanism “is ar-

ranged sothat when the rack 114 is moved to
the right, the thrust bearing housing moves
the rotor to provide maximum packing clear-
ances, .and. when -the rack is moved to the

3

left minimum packing clearances are pro-
vided. ) ,

- Fluid pressure is supplied to the cylinder
116 for actuating the piston 115 and is con-
trolled by a suitable pilot valve 117. When
the pilot valve is moved to the right of the
position shown on the drawings, fluid pres-
sure is applied to the piston 115 to move the
rack 114 toward the left, and when the pilot
valve is moved to the left of the position
shown, fluid pressure moves the piston 115
and the rack 114 to the right. The pilot valve
117 has a stem 120, which is biased to the
right by a spring 118 acting on a collar 119
on the stem. o

- At 121.is shown a lever connected to a
stationary fulcrum 122.. One end of the lev-
er is connected to the governing mechanism
57 and the other end, at 123, is adapted to
bear against the collar 119 to move the valve
117, The lever 121 is so arranged with re-
spect.to the governing mechanism that the
valve 117 is moved to the right of the posi-
ticn shown when the governing mechanism
admits steam for carrying load, and to the
left when the admission is reduced to sub-
stantially no load condition.

At 124 is shown a throttle valve which is
also adapted to cut off the supply of motive
fluid to the turbine. A cam member 125 is
attached to the throttle valve, and is de-
signed, upon closing movement of the throt-
tle valve, to rotate a lever 126 in counter-
clockwise direction. The other end of the
lever 126 is adapted to contact the free end -
of the rod 120 and to move the pilot valve
117 to the left.

The operation of this mechanism will be
readily apparent. When the admission of
motive fluid is such as to carry no load, the -
pilot valve 117 is moved to the left by the

lever 121 and .the rack 114 is moved to the

right, whereupon the thrust bearing housing
moves the rotor to provide maximum clear-
ances. When, however, the governing mech- -
anism provides increased fuid admission
for carrying load, the free end 123 of the
lever 121 moves to the right and the spring
118 acting on the collar 119 moves the pilot -

valve 117 to the right. The rack 114 is there-
-upon moved to the left and the thrust bearing

housing moves the rotor to the position of
minimum packing clearances.
During such movements of the governing

“mechanism, the .throttle valve is normally
fully open. -However, should the throttle
valve be closed, the lever 126 is rotated coun-
ter-clockwise to move the pilot valve 117 to
‘the left, thereby operating the mechanism
4o provide maximum -clearances.

* InFig. 5, Ishow another form of means for
shifting the rotor axially in an automatic
manner due to the direct mechanical connec-
tion with the main governor valveé indicated

‘at 55, this valve having associated therewith
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- bine rotor to the large clearance position.

30

4

a su1table operating cylinder 56 which is op-
erated in response to the governor 57 of .the
turbine. When the turbine is operating un-
der noload or light load, the rotor should be
adjusted -for larcre clearances. Therefore, I

provide means associated with the governor
mechanism to-effect automatic operation of
the shaft 46 and therefore shifting of the tur-
bine rotor. In order to accomplish this
effect, I show the operating cylinder 56 of
the aovernor system. havmo -an extension or
rod 57’ provided with a Tack 58 meshing

with a-pinion 59 carried by :a shaft 60, the

shaft: 60 being connected by bevel gears 61
and 62 to a shaft 63 coupled at 64 to the op-
erating shaft 46, 'With this arrangement,
upon :a decrease in load to no load or light
load, the operating:piston -of :he operating
cyhnaer will be correspondingly moved and
the extension connected thereto -will operate
the train of mechanism for shifting the tui‘-
t
is to be understood that any suitable mecha-
nism may be employed to achieve this vesult
and that the system of gearing and shafts
illustrated is merely one example of mecha-
nism which may: be employed for this pur-
pose.
In: shuttmcr down:a turbine, the load is first

removed. The {gOVernor valve then operates
-to restrict the admission of steam to prevent

the turbine from runming away.. The next
operation is -o close the throttle valve and

- this results in the machine slowing down;

w40

145

-valve opens due tothe reduction in speed

ofiaccomplishing this puxpose
the throttle valve is provided :with a stem 65
‘having a rack 66 thereon which meshes with
apinion 67 carried by a.shaft 68 connected by
the bevel gears 69 to the bevel gear 70, the
Jatter gear being arranged to transmit- mo-
‘tion to the connected shafts 63 and 46.

however, if the steam is shut off, the.governor
It

is, therefore, desirable to have mechanisin op-
erable to shift the rotor or spindle to large

clearance position when the. throttle valve is
closed.
this purpose may assume various forms and,

Mechanism for the achlevement of

by way of example, in Fig. 5, I show one way
In this'view,

. If-the:automatic mechanisms just referred

-to.are both incorporated in a single installa-

. stion, it will be necessary to render the auto-

L7558

2760

matic mechanism associated with the gover-

nor valve ineffective when the throt le valve
isclosed. - To this end, I'show the bevel gears:
62 -and 70 arranged. fo be connected to the
-shaft 63 by means of an intermediate ctutch
-member 71. - When the clutch member 71
‘connects the gear 62 to the shaft 63, the appa-
ratus is then 1n'1‘osition to-be. opemted in re--
.gponse: to ‘the ‘governor valve;.and, when the

clutch member 71 connects. the gears 70to the

- -ghaft 63, the apparatus is in 1)051’01011 to ‘be

. 'operazted by the throttle valve.
“af -ig associated -with the clutch-member 71 .and

A spring 72

spring.

means.
ranged to be operated by the speed changer

-outer end of

shaft 46.
‘pose of getting the requisite adjustment may
be provided by locating the pivot 90 rela-
tively near to the yoLe -86;-and, a suitable

it-serves te connect the bevel gear 62 to the
shaft:63. =
During ‘closure of -the: throttle valve,
mechanism is brought into play to disengage
the.clutch 71: adamst the force-of the spring
72 and to engage it with the bevel gear 70,
thereby connecting the latter gear -to the
shaft 63; and further clesing movement of
the throttle valve will result inthe automatue
mechanism being operated to shift the tur-
bine rotor to the position of large clearance.
Referring to the clutch shifting mechanism
which comes into-play at a suitable time dur-
ing the closing of movement of the throttle
valve, 1 show, by way of example, the stem
65 havmg an inclined surface 78 (Fig.
which is arranged to engage the follower 74
carried by the crank shaft (5 the latter hav-
ing a crank 76 connected by a suitable link-
age at 77,78 -and 79 to the other end of the
lever 80 which serves as a shifting lever to
shift the clutch 71. - As the throttle: valve
eXfens ion -65 moves down, the inclined sur-
face 78 serves to tilt the follower 74 and the
linkage-is operated to-engage the clutch 71
with the gear 70. When “the throttle valve
is-opened, just as soon asthe inclined surface
3 passes above the follower 74, the spring
72; preferably connected to the lever-80, then
operatesto engage the clutch member 71 with
the gear 62 to shift the linkage -and moves
the follower back to a posmon to. be again
operated upon by the inclined surface 73.
It is impossible to increase the load on a

large turbine without increasing the tencion

on the synchronizing or speecl changing
Therefore, within reasonable lim-
its, a given position of load is always identi-

filed with  approximately .a corresponding

position of- the speed changer adjusting
In Fig. 7, T show. mechanism ar-

mechanism for shifting the rotor either to

the small clearance position or to. the large
clearance position. While mechanism su1t—
able for this purpose may assume various

forms, I show, by way of example, a speed

.changer motor 82 arranged-to-operate a- gear
83 having internal threads -engaging with.

the threaded member 84, the upper end of
which is connected to the speed  changer
spring 85.- This mechanism may be utilized

to. shift the rotor; and, for this purpose, I
.show the lower end of the member 84 pro-

vided with a yoke 36 for engagement with the
the lever 87, the inner end of
the lever being connected to a rack 88 meshing
with a:-pinion 89 connected to-said operat1n<r
Suitable movement for the pur-

degree of lost motion 'may:exist between the

-yoke 86-at the outer -end of the lever-87 hy
the provision of adjusting screws 91. -
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It will, therefore, be apparent that, when
the speed changer is adjusted for a reduction
in load, the turbine rotor will be shifted in
the large clearance direction. With an in-
crease in load shifting will take place in
the other direction. - : ‘ :

It is impossible to carry a load on a turbine
without first building up steam pressure in
the nozzle chamber or inlet passage. There-
fore, in Fig. 8, I show apparatus arranged
to secure shifting of the turbine rotor in a
small clearance direction when steam pres-
sure builds up in the admission chamber or
passage to a suitable extent.  In this view, I
show the steam chamber 93 connected by a
pipe 94 with a pressure-responsive device 95,
which serves to operate the pilot valve 96 of
an operating cylinder 97, the operating piston

-of the latter being connected to a rack 98

engaging a pinion 99 on said operating shaft
6. Therefore, with -an increase in steam

pressure in the admission chamber or nozzle

passage of the turbine to a suitable extent,
the apparatus will: be operated to shift the

turbine rotor in.a small clearance direction.

On the other hand, with a drop in pressure,
the operating cylinder will move the rotor
in a clearance-increasing direction.

Owing to the large proportions of some
turbine casings or housings, appreciable dis-
tortion takes place on account of atmos-
pheric pressure on the outside of the casing
or housing and unequal heating of low pres-

~sure portions thereof. It may be impossi-

ble, to heat all parts of the structure uni-
formly and, therefore, rubbing of the ele-
ments thereof may occur. Hence, in Fig.
9, I provide pressure-responsive means ar-
ranged to move the rotor in a clearance-in-
creasing direction whenever the. vacuum
drops below a predetermined amount, for
example, 23 inches or 24 inches. Should
the condenser circulating pump loose its
water, the vacuum would drop and the tur-
bine would then operate non-condensing
and the apparatus just referred to would be
utilized to shift the rotor to a safe position.
To this end, I show a pipe 101 connected
to the exhaust casing of the turbine and to
a. pressure-responsive device 102 associated
with the relay at 103, the latter operating a
rack 104 which meshes with the pinion 105
connected to the operating shaft 46. With
this arrangement of apparatus and assuming
that the turbine is operating normally,
should there be a drop in vacuum, the relay
103 will be actuated to secure shifting of the
rotor- to increase the clearance.- On the
other hand, when normal conditions -again
obtain -and a normal vacuum exists in the

exhaust casing of the turbine, the relay 103"

will shift- the turbine rotor in a clearance-
decreasing direction. =~ - .

My invention may also be carried out by
electro-mechanical means. For example, in

_termined rate to shift the rotor to the first”

5

Fig. 10, I show the turbine driving a gen-
erator 107, the latter having outlet leads 108.
Solenoid means is arranged at 109, such
means having means responsive both to cur-
rent and to voltage. If the load drops be- #g
low a predetermined amount, the spring 110
will overcome the solenoid 109 and energize
the fluid relay 111 to actuate the rack 112
and the pinion 113 carried by said shaft 46
in order to shift the turbine rotor in a yg
clearance-increasing direction. With an in-
crease in load, the energy of the solenoid 109
wiil overcome the spring 110 and the mech-
anism will be operated to move the turbine
rotor in a clearance-decreasing direction.

While I have shown my invention in sev-
eral forms, it will be obvious to those skilled
in the art that it is not so limited, but is
susceptible of various other changes and
modifications, without departing from the g5
spirit thereof, and I desire, therefore, that
only such limitations shall be placed there-
upon as are imposed by the prior art or as
are specifically. set forth in the appended
claims. : 90

What I claim is:

1. In a turbine, the combination of a cas-
ing construction; a rotor; elements carried
by the rotor and, in a first axial position of
the latter, defining minimum clearances with- 4
respect to the casing construction and in a
second axial position defining larger clear-
ances of a magnitude avoiding rubbing
when the rotor is distorted in starting and
stopping the turbine; and means responsive-gg
to decrease in turbine load below: a prede-
termined load to shift the rotor to said sec-
ond axial position so as to define larger
clearances of said elements with respect to
the casing construction.

2. In a turbine, the combination of a cas-
ing construction; a rotor; elements carried
by the rotor and, in'a first axial position of

80

105

‘the latter, defining minimum clearances with

respect to the casing construction and in 22110
second axial position defining: larger cleai-
ances of a magnitude avoiding rubbing
when the rotor is distorted in starting and
stopping the turbine; means responsive to
the admission of steam in excess of a prede-:y5
position and below a predetermined rate to
shift the rotor to the second position.

3. In a turbine, the combination of a cas-
Ing construction; a rotor; elements carried -
by the rotor and, in a first axial position of
the latter, defining minimum clearances and
in a second axial position defining larger
clearances with respect to the casing con-
struction; a thrust bearing for the rotor and 195
having a housing movable axially with the
rotor and relatively to the casing construc-
tion; said housing being provided with an
external thread; a gear restrained from
axial movement by the casing construction 130
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“and havmor internal threads in enoagement

with the housmo threads; a driving gear car-

‘Tied by the housm(r construction and meshing
“with the first gear; and means responsive to
5 turbine load conditions for operating the

driving gear in order to shift the rotor “from

~one position to the other.

4. In a turbine, the combination of a cas-

ing construction; a rotor; elements carried
39
‘the latter, deﬁmno minimum clearances and

by the rotor ‘md in a first axial position of

in a second axial position defining larger
clearances ‘with respect to the casing con-
struction ; abutments associated with the cas-
ing construction and with the rotor for lim-

.1t1n<r the ‘axial movement of the latter; ad-

]ustable spacing means. connected to one or

.more of the abutments in order to limit the

axial moverent of the rotor to one of said

positions; and means responsive to load
conditions ‘of the turbine for shifting the.
‘Totor from one position to the other

5. In a ‘turbine, the combination of a cas-
ing construction; a rotor; elements c‘lrued
by the rotor and, in a first axial position of

the latter, deﬁnm@ minimum clearances and

in" a second axial position defining larger
clearances with respect to the casing. con-

struction; abutments provided on the casing’
*construction and spaced axially; a projec-

tion arranged between the abutments and

"connected to move with: the rotor; said pro-

jection contacting with one abutment when
the rotor occupies the first position and with
the other abutment when it occupies the sec-
ond position; and means responsive to tur-

“bine lo-ad'conditions for shifting the rotor.
6. In combination in a turbine, stator

structure, a rotor carried by the stator struc-
ture and capable of axial movement relative-
1y thereto, a plurality of ring packing ele-
ments. carried by the stator and by the rotor

‘and defining relatively large clearance when

. "the rotor is in one axial p0s1t10n and rela-
,; 45(

tively small clearance when the rotor is in
another axial position, a double-acting
thrust: bearing carried by the rotor and in
cluding a housing, a guide formed in the
stator- structure and lumtmg movement of
the housing' to axial movement, peripheral
threads on said housing, a ring having in-
ternal threads. engaging with Said periph-
eral threads and having peripheral worm
teeth, a guide formed in said stator structure
for 11m1t1n0' movement of said ring to rotary
movement, a shaft carried by the stator
structure and having a worm meshing with
said- worm- teeth; and means responsive to

an’ operating condition of the turbine for
‘rotating said shaft either in one direction or

the other to cause the rotor to be moved
axmlly :

7. In combination in a turbine, stator
structure, a rotor carried by the stator struc-
ture and: capable of axial movement rela-

1,828,310

tlvely ‘thereto, a plurality of 11n<r packmg

‘elements carried by the stator and by the

rotor and defining relatively large: clearance
when the rotor is-in one axial p051t10n and
relatively small clearance when the rotor is
in another axial position, a double-acting
thrust bearing carried by the rotor and in-
cluding a housing, a guide formed in the

(=¥}
stator structure and. hmltmg movement of

the housing to axial movement, cooperating -

abutment means carried by said stator struc-
ture and by said housing for limiting axial
movement of the housmfr and the rotov‘ said
abutment means being adjustable in order

to vary the extent of axial clearance, periph- -8

eral threads on the housing, a ring having
internal threads engaging the I‘empheral
threads and having peripheral worm teeth,

a guide formed in the stator structure and
restrlctwno movement of the ring to angular .8

movement a shaft carried by the stator
structure and having a worm meshing with
said worm teeth, and means responsive to
operating condition of the turbine for turn-

ing said shaft either in one direction or the:

other as operating conditions require.

8. The comblnatmn with an elastic fluid
turbine having-a stator and .a rotor, of co-
operating packm(r elements carried by the

stator and the rotor, said packing elements:

being of a type prov1d1no close packing
clearances in one asial position of the rotor
and. in another axial position thereof, pro-
viding large safe clearances to avoid rub-

"bing when the rotor is distorted in starting

and stopping the turbine, and means respon-
sive to a predetermined minimum load con-
dition of the turbine for moving the rotor
to the axial position thereof prov1d1n<r the
large safe clearances.

9. The combination with an elastic fluid
turbine having a stator and a rotor, of co-
operating ‘packing elements carried by the
stator and the rotor, said packing elements

“being -of a type providing close packing:

clearances in one axial position of the rotor
and; in another axial position thereof, pro-
viding large safe clearances to avoid rub-
bing when the rotor is distorted in starting

“and stopping the turbine, and means respon--
sive to a load condition of the.turbine and

operative when the load is above a predeter-
mined load to move the rotor to the position
of close clearances and operative when the

load is below a predetermined load to move-
“the rotor to the position of large safe clear-

ances.
10. The combination with an elastic fluid
turbine having a stator and a rotor, of co-

operating mdmlly—extendmg packmd ele--

ments carried by the stator and the rotor,
said packing elements, in one axial position
of the rotor registering and providing close
radial clearances and, in a second axial posi-
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provide clearances between the stator and
the rotor which avoid rubbing when the
rotor is distorted in starting and stopping
the turbine, and means responsive to a load
condition of the turbine and operative when-
ever the load is less than a predetermined
load to maintain the rotor in said second
axial position.

11. The combination with an elastic fluid
turbine having a stator and a rotor, of co-
operating radially-extending packing ele-
ments carried by the stator and the rotor,

~said packing elements, in one axial position

of the rotor registering and providing close
radial clearances and, in a second axial posi-
tion of the rotor, being out of registry to
provide clearances between the stator and
the rotor which avoid rubbing when the ro-
tor is distorted in starting and stopping the
turbine, and means responsive to a load con-
dition of the turbine and operative to main-
tain the rotor in said second axial position
while the load on the turbine is less than a
predetermined load and to maintain the ro-
tor in said first axial position while the load
is greater than a predetermined load.

12. The combination with an elastic fluid
turbine having a stator and a rotor, of co-
operating packing elements carried by the
stator and the rotor, said packing elements
being of a type providing close packing

“clearances in one axial position of the rotor

and, in another axial position thereof, pro-
viding large safe clearances to avoid rubbing

‘when the rotor is distorted in starting and

stopping the turbine, and means responsive
to a pressure within the turbine which varies
with the load carried by the turbine and op-
erative when the pressure corresponds to a
load above a predetermined load to move the
rotor to the position of close clearances and
operative when the pressure corresponds to
a load below a predetermined load to move
the rotor to the position of large safe clear-
ances. :

In testimony whereof, I have hereunto
subscribed my name this 16th day of May,

1929.
ROBERT C. ALLEN.




