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10 Clé,ims.

‘This invention relates to means for reguléting
a steam turbine of the impulse type.

In steam turbines of the impulse type thé kinetic

energy of steam jets impinging on curved blades
or buckets fixed to a turbine wheel is converted
into mechanical woik.  The steam jets are pro-
dirced by expanding steam in nozzles which ex~
tend at an angle to the plane of rotation of the
wheel and these nozzles have restricted throats
communicating with the steain ring or bowl of the
turbine and relatively enlarged mouths opening
in juxtaposition to the path of the blades on the
wheel.

Turbines are often operated under varying load
conditions and require regulation to compensate
for the variations in the load. Thishas been done
in the past by interposing a governing valve be-
tween the supply line and the ring of the turbine
to regulate the steam flow. Such a valve creates
9, pressure differential between the steam in the
supply line and that in the ring and the valve
throttles the steam with a resultant waste of
British thermal units. Poppet valves have also
been employed to regulate turbines but these
valves also throttle the steam.

The salient object of my invention is to regu-
late the operation of a turbine without creating
a pressure differential between the steam in the
supply line and that in the ring of the turbine
to thereby avoid throttling the steam and the re-
sultant waste of British thermal units.

Turbines are usually:rated to- be operated at
a given speed under a determined ring pressure
and under these conditions the highest efficiency
is attained. If a throttling governing valve is
employed and there is a inaterial reduction.of the
load on the turbine, the governing valve so oper-
ates that the ring pressure in the turbine is ma-
terially reduced. Theé nozzles are divergent, this
keing essential to expand the steam below fifty-
eight percent of the inifial pressure. 'To provide
a divergent nozzle, the area of the throat is made
less than the area of the mouth and the di-
vergence or taper of the nozzle, known as the

5 expansion ratio, is a function of the ratio be-

tween the ring pressure and the stage back pres-
sure in the turbine. " Hence, when the ring pres-
sure is materially reduced, the steam  cori-
surapbion greatly ‘increases -and the efficiency
of the turbine is  reduced. Moreover,
calculation of the expansion ratio-of a par-
ticular set of nozzles is partially based on
the stage back pressure. As the ‘load on the
turbines lightens, the stage back pressure lessens

9 and it is beneficial to vary the expansion ratio to

the

(€L 253—53)

compensate for a reduction in hack. pressure.
However; nozzles may be under-expanded in an
appreciable amount without aflecting their ef-
ficiency but over-expansion of the nozzles ma-
terially affects the efficiency thereof.

Therefore, still another object of my invention

is to provide a ‘turbine wherein the expansion
ratio of the nozzles may be adjusted to afford
efficient operation under various operating con-
ditions including a material reduction in stage
back pressure.
- The power developed by a turbine is propm-
tionate to the guantity of steam. admitted and
hence, when the load on the turbine is materially
reduced, it is advantageous to reduce the steam
admission and this may be done by reducing the
aggregate nozzle area.

Another object is to regulate the opera’rlon of
2 turbine by controlling the steam flow through
the nozzles without reducing the ring pressure
g0 that maximum efficiency may be maintained

10

20

and an ancillary object is to vary the aggregate -

nozzle area of the turbine propor tvonatew to the
load.

A turbine’is often arranged so that steam may
be withdrawn therefrom at one or more stages in
order that steam ai different temperatures and
pressures may be supplied to appliances such as
cooking vats and the like,- and a turbine so
equipped is known as a bleeder turbine. ~ Hereto-
fore, a throttling valve has been provided to regu-
late the blesd from a turbine but the use of such
a valve is subject to many disadvantages. Hence,
a further object of this invention is to provide a
novel bléeder turbine in which the steam with-
drawal is controlled by varying the area of the
outlet nozzles from the bleeder chamber.

Still ‘further objects of the invention are to

provide a turbine having novel reamed nozzies
into which: tapered adjustable needle valves are
extended to afford variation of the nozzle area and
expansion ratio; to.automatically actuate the
needle valves proportionately to variations in
operating conditions; to control a plurality of
nozzles so that wide variations in operating con-
ditions may be accoimnmodated; to provide an ex-
peditious ‘adjustmient so ‘that the same turbine
may be used under different operating condi~
tions such as variations in initial steam pressure,
load, and speed; and to provide a novel turbine
control of simple and economical construction
and efficient and positive operation.

Selected embodiments -of the invention are
illustrated in the accompanying drawings wherein

Fig.-1is-4 plan view; . .
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Fig. 2 is a side elevation; )

Fig. 3 is a vertical sectional view taken sub-
stantially on the line 3—3 on Fig. 1;

Fig. 4 is a vertical sectional view taken sub-
stantially on the line 4—4 on Fig. 2;

Fig. 5 is a vertical sectional view taken substan-
tially on the line 5—5 on Fig..1;

Fig. 6 is a horizontal sectional view taken sub-
stantially on the linz 6—=6 on Fig. 5;

Fig. 7 is a vertical sectional view taken sub-.

stantially on the line 7—7 on Fig. 4;

Fig. 8 is a vertical sectional -view taken -sub-
stantially on the line 8—8 on Fig. 1; and

‘Pig. 9 is a fragmentary vertical sectional view
taken substantially on the line 9—9 on Fig. 2.

in the accompanying. drawings, 10 indicates a
base supporting a turbine casing 11 having end
plates 12 and 13 providing bearings in =which.a
turbine shaft 14 is journaled. A ring or bowl
15 is provided in the end plate 12 and this end
plate includes a wall 16 in-which the nozzles 17
are provided. The first stage ‘wheel 18 of ‘the
turbine isfast on:the shaft 14 adjacent:the wall
16 and the buckets or blades on the periphery. of
this wheel are arranged in .two rows 19 and 20.
A diaphragm 21 is carried by the casing ‘11.and
is interposed between the rows of buckets 19 and
20 and has a row.of buckets 22 thereon. Aninlet
23 has a valve 24 therein and leads.to the ring
15. Steam flows through the inlet into:the ring
and through the nozzlss 17 which .extend at an
angle to the plane of .rotation of the wheel 18
and the jets of steam emitted from these nozzles
first impinge on the buckets.in the row 19, then
on the buckets in the row 22, and then on the
buckets in the row 20 from whence the steam
flows into the bleeder chamber 25 when the tur-
bine is eguipped with such .a .chamber behind
the first stage therein. - ¥ -no:bleeder -chamber is
provided at this position, the steam flows into
the .second stage or-to the exhaust as the case
may be. : :

The nozzles 17-are of -the kind described and
claimed in my Patent No. 1,561,835, patented No-
vember 17, 1925 and are straight reamed- holes.
In order to .provide for .efficient expansion of
steam in the mnozzles, which is ;usually ;accom-
plished by tapering -the ngzzles, tapered :needle
valves 26 are extended into the -throats.of :the
nozzles and these tapered ;needle -valves.may ;be
used to vary the aggregate-nozzle area.as will be
explained. . In the illustrated embodiment. of the
invention, I show seven nozzles but.a greater or
less number might be provided depending upon
the size of the turbine, the ‘horse power to-be
developed, the speed-of operation, and the like.

The valve 24 is preferably of the type-affording
unobstructed steam passage and-hence it doss not
have any throttling .effect and since the inlet 23
leads directly .to the ring or bowl and.as-the in-
takes of the nozzles communicate with the ring,
it is clear that the pressure at the intakes-of the
nozzles is line pressure. = :

The seven nozzles provided -in the illustrated
turbine are arranged side by side-and so -far.as
constructional features are concerned, they  are
identical. The needle valve for each mnozzle in-
cludes a stem 27-that is extended through a bore
in the hody 28 mounted in a-tapped opening in the
plate 12. - A housing 29 is screw-threaded onto the
end .of each body 28 ‘and each -has a chamber
20 therein in which packing -nuts-31 .and 32 are
provided. The stem 27 of each-needle -valve ex-
tends into the housing -29 -through the packing
nuts 31 and 32 and suitable ;packing engaged:by

1,985,404

these nuts so that when the nuts are tightened the
packing is tightly clamped about the stems 27
to prevent leakage thereby. A cylinder 33 is
provided in each housing and a piston 24 is re-
ciprocably mounted in each cylinder. The outer
ends of the stems 27 are respectively connected to
the pistons. Chambers W gre thus defined between
the faces of the pistons to: which the stems are
connected and the adjacent ends cf the cylinders.

Pins 35 extend axially from each piston 34 oppo-

site to but in alinement with the stem 27 con-

nected to the piston and these pins project into
bores in the caps 36 secured to the outer ends

of the housings 29. Other chambers X are thus

_defined between the faces of the pistons to which
the pins are connected and the adjacent ends

of the cylinders. Tubes 37 are connected at the
outer-ends of .each of the caps 36 and the bores
in the tubes communicate with the bores in the
caps. A chamber 38, Fig. 3, is provided in the
base :10 .at the foreward end thereof. A tubular
housing 39 projects through an opening 40.in-the
upper:wall-of the chamber and has a body 41 at
the lower end thereof in which a gear pump 42
is-provided. A housing 43 is secured to the upper
end of the housing 39 and the shaft 14 extends
thereinto. - A gear 44 is fast on the shaft 14 in
the housing 43 and meshes with a gear 45 fast cn
the. vertical shaft 46 journaled in suitable bear-
ings provided in the housing 43. A coupling 47 in-
terconnects the shaft 46 with the shaft 48 of the
gear pump 42 so that when the shaft 46 is ro-
tated with the shaft 14 the gear pump is op-
erated. The chamber 38 serves as an oil reser-
voir and the gear pump withdraws oil from this
reservoir and forces the oil under pressure through
an outlet to operate certain devices as will be ex-
plained hereinafter.

Ancther housing 49 is mounted on the uppsr
end of the housing 43 and. encloses a weight-ac-
tuated governor 50 of the usual construction and
which includes a -sleeve :51 disposed about the
shaft-46. A spring 52.is disposed about the slecve
51 and acts thereon :to urge the :weights of the
governor 50 toward the shaft 46. Alever 53 hasa
link 54 .connected .to .one -end ‘thereof and ithis
link is pivotally connected.to a lug 55 in:the hous-
ing 49. -The sleeve 51 is connected to the lever 53
adjacent the end ‘thereof connected to the link
54. Links: 56:are pivotally mounted on a rod 57
carried by the forked end-of the lever 53 opnosite
the end thereof connected to the link 54. - One end
of a spring:58 is.connected to-the lever 53 inter-
mediate . the rod 57 and the connection thereol
to the sleeve 51. -The other end of the spring
58 is connected-to.an adiusting device mounted in
the top plate.of the housing 49 and by means of
which-the tension on. the lever 53 may be-varied.

The needle:valves are controlled by the governor
50 and preferably these valves are so arranged
that each.can be:operated independently. This
may be:accomplished in a variety of ways.and-in
the illustrated -embodiment of -the invention I
have shown pressure-actuated means for this
purpese. The pressure-actuated means provided
for each-of the needle valves includes a cylinder
having a piston-therein and a pilot valve for con-
trolling -movement of the piston in the cylinder.
The -pilot valves.are actuated by the governor 50
and to this-end the-free ends of the links 58 are
connected-to-a rod-61. Seven bell cranks 80 are
mounted -at spaced intervals on the rod 61. The
arms .62 of each of the bell cranks are pivotally
connected .at 63 to slesves 64 adjustably mounted
on rods 65-extended fhrough packing nuis and
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‘the plungers in their reciprecation.
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in‘theblock B. Conduits 89 are connected to the

suitable packing intothe cylinders 66 whereat
they are respectively’ connected to the pistons
67. 'The cylinders 66 are arranged in side-by-side
relation and in. the illustrated embodiment are
formed in a block B, Fig. 6. A chamber Y is de-
fined in each cylinder 66 intermediate the face
of the piston 67 to which the rod 65 is connected
and the adjacent end of .the cylinder. Pinz 68
extend from the pistons 67 opposite to and in
alinement with the rods 65 connected to the pis-
tons and these pins project into sleeves 69 lead-
ing from the cylinders 66. A chamber Z is de-
fined in each cylinder 66 intermediate the face
of the piston 67 to which the pin 68 is connected
and the adjacent end of the cylinder.  The tubes
37 which are respectively connected to the caps 36
are respectively connected to the slesves 9 and
the tube leading from the first of the needle valves
is connected to the first of the sleeves 69 while
the tube leading. from ‘the second of the needie
valves is connected to the second of the sleeves
69 and so on in succession. The respective tubes
37 are entirely filled with balls 70 so that the
space between each set of pins 35 and 68 is en-
tirely filled and preferably these bhalls opérate
in a light lubricating oil to insure free movement.

Seven ‘pilot valves are provided in the block
B and these valves are respectively alinzd with
the cylinders 66. Xach pilot valve inciudes a
plunger P. and these plungers are respectively
connected to the arms 71 of the bell cranks 80
by pins 72 (Figs. 3 and 5) disposed in slots 73
in the blocks 74 adjustably mounted on the rods
75 respectively connected. to the upper ends of
the plungers P. Each of the plungers is recipro-
cal in a sieeve 77 and these sleeves are fitted in
vertical bores 78 in the block B. Passages 79 in
the block B interconnect the respective pilot
valves and the chambers ¥ in the cylinders 66
respectively alined with the valves. The ends
of these passages outwardly of the pilot valves
are closed by plugs 80. Ports 79" are provided
in the sleeves 77 in alinement with the passages

79. . A passage 81 is drilled through the block B -
5. and the <leeves 77 and interconnecis the various

sleeves. An intake pipe 82 is connected at one
end of the passage 81 and this pipe is likewise
connected to the outlet of the pump 42. An out-
let pipe 83 is connected to the other end of the
passage 81 and leads to the chamber 38. The
ports 79’ are disposed in the sleeves 77 above the
pascage 81. Coliars 84 are provided on  the
plungers P which slide on the sleeves 77 to open
and: ciose the ports 79’. Enlarged portions 85
are provided at the upper ends of the plungers
P which also slide on the slesves 77 and guide
The por-
tions of the plungers P intermediate the coliars
84 and the enlarged portions 85 are relieved.
When the collars 84 are positioned in the sleeves
to be disposed below the passage 81, this pas-
sage and the ports 79’ are in communication due
te the relief of the plungers.
be moved into such a position that communica-
tion between the passage 81 and the ports 79’ is
shut off, =~ - - . -
Collars 86 are provided at the lower ends of the

plungers P and the portions of the plungers inter-:

mediate the collars 84 and 86 are relieved so that
when the collars 84 are positioned in the sleeves
to be disposed above the passage 8%, oil flowing
through said passage may flow past the relieved
portions of the plungers P. Ports 87 are pro-
vided adjacent the lower ends of thz sleeves 77
and respectively. communicate with passages 88

The ccllars 84 may.

3

respective passages 88 and:lead to the housings
29 to communicate with the chambers W there-
in.  The collars 86 .control flow of oil through
the .ports 87 and when the plungers P are so

-disposed.that the collars 86 open the ports 87

for communication with the relieved portions of
hie plungers P intermediate the collars 84 and
86, oil flows to the conduits 89 into the cham-
bers W. . The plungers P may be so positioned
that the collars 88 close off the ports 87 from
communication with the passage 81. Likewise
the plungers may be so.disposed that the collars
86 . open communication between the ports 87
and the open lower ends of the sleeves T7.

A chamber 91 is provided at the bottom of the
klock B and the bores 78 and sleeves 77 open
into this chamber. A transverse passage 92 in
the block B establishes communication between
the chambers Z of the cylinders 66 and the cham-~
ber 91 zo that any oil leaking past the pistons 67
flows into said chamber. Xach pilunger P in-
cludes a bore 81’ which extends axially there-
through from the lower end thereof tc a port
80’ Iocated in the relieved portion of the plunger
P intermediate the collar 84 thereon and the
enlarged portion 85 thereof. The collars 34 con-
trol communication between the ports 79’ and
the ports 80’ and, when communication is opened
between the ports 79’ and the ports 80/, oil may
flow through the bore 81’ into the chamber 91.
An outlet pipe 93 leads from the chamber 81 to
the reservoir 38. A drgin pipe 80 leads from
each of the chambers X in-the housings 29 te the
reservoir 38 so that any oil seeping past the pis-
tons 34 may be returned to the reservoir. :

The nozzles are so calculated that when all are
open suflicient steam flows therethrough to effi~
ciently operate the turbine under a load greater
than its rated capacity. In this turbine, wherein
seven needle valves are provided, and when it is
operated under a load of seventy-five percent of
its rated capacity, which obviously requires less
steam than when the turbine is operated under
a load of its rated capacity or more than its rated
capacity, some of the nozzles may be closed. off,
By way of example, when the turbine is operat-
ing under a seventy-five percent load, two of the
needle valves are tightly seated on the intakes

of their nozzles so that no steam flows through !

these nozzles.  When the load is decreased, say
for example to twenty-five percent of the rated
capacity of the turbine, four of the needle valves
are tightly seated on the intakes of their nozzles
to close off steam flow therethrough. Thus, by
seating or unseating the needle valves from their
nezzles, the aggregate nezzle area may he varied
and I vary this aggregate nozzle ares propor-
tionately to the load on the turbine. The speed
of the turbine is determined by the load thereon
for it operates at slightly differant speeds at dif-
ferent loads and hence changes in load affect
the governor 50 and since the pilot valves are
controlled by the governor 50 and as these pilot
valves, in turn, control the means regulating the
needle valves, I'am enabled to control the steam
flow from the ring or bow! into the first stage
vroporticnately to the load on the turbine.

As stated, when the turbine is operating under
a load of seventy-five percent of its rated ca-
pacity, two of the needle valves are seated on the
intakes of their nozzles. Under this condition,
four of the nozzles are opened fully and one is
used for regulating purposes;  as will be ex-
plained. This is accomplished by setting the
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plungers P -at different ‘positions .in ‘the sleeves

77. Thus, the plunger Pl, which regulates the
movement of the piston 67 in the eylinder 66.con-
nected through a tube 37.to the first of the needle
valves, is so positioned that when the turbine is
operating in the manner just described, the cal~-
iar 86 thereon is disposed below its cooperating
port 87 and therefore oil flows from the passage
81 through the port 87, passage 81 and conduit
8¢ into the chamber W of the housing 29 of the
first needle valve and the pressure of this oil acts
on the piston 34 to force it against the outer end
of the cylinder 33 as illustrated in Fig. 7. At
this same time the collar 84 is so positioned that
communication is opened between the port 79’
and the port 80’ and therefore oil pressure in
the chamber ¥ may be relieved for oil . may flow
from the chamber Y through passage 79, port
79’, port 89’, bore 81’ into the chamber 91 to
be returned to the reservoir 38. The plunger
P2 iz positioned somewhat similarly to the
plunger P! so that oil may flow into the chamber
W in the housing 29 .of the needle valve for the
second nozzle. However, the plunger P2 is so
positioned that upon conjoint movement of the
plungers P! and P2 (the plungers all being con-
nected to the rod 61 for such movement with the
rod), the collars 86 and 84 on the plunger P?
will close off 0il fow in the above described man-
ner before the collars 84 and 86 on the plunger
P! so0-act. Inasmuch as four nozzles are to be
wide open when the turbine is operating at sev-
enty-five percent of its rated capacity, the
plungers P3 and P¢ are also so positioned that
oil will flow to the chambers W in the housings
29 for the needle valves of the third and fourth
nozzles. However, the plungers P?and P* are
respectively so positioned relative to the plungers
P2 and P! that the collars 84 and 86 on the plunger
P¢ will close off the foregoing :communication
upon ‘conjoint movement of the plungers prior to
the time the collars 84 and 86 on the plunger P?
close off communication, and likewise the collars
84 and 86 on the plunger P3 are positioned to
closge off communication before the collars 84 and
86 on the plunger P2 so close off communication.
The plunger P5 is also set relative to the plunger
P4 so that the collars 84 and 86 thereon will close
off the foregoing communication prior to the
time the collars 84 and 86 on the plunger P* so
operate. However, when the machine is oper-
ating at seventy-five percent of its rated capac-
ity, the collar 84 on the plunger P% is arranged
in the manner shown in Fig. 3, that is o say, it
is disposed directly over the port 79’ so that com-
munication through this port is shut off. Like-
wise, the collar 86 on the plunger PS5 is disposed
over the port 87 so that communication through
thig port is shub off. The plunger PS is so sel
that the collars 84 and 88 thereon are advanced
beyond the position of the collars 84 and 86 on
the plunger P5. Hence, since the collars 84 and
86 ave disposed directly over the outlet of the
passage 79 and the port 87, it is clear that the
collars 84 and 86 on the plunger PS are arranged
in an opposite manner to the collars 84 and 86
on the plunger P¢ Hence, the collar 84 on
the plungsr P§ is so disposed that communica-
tion is opened between the passage 81 and the
port 79’ and hence oil flows from the passage 81,
past the relieved portion of the plunger, through
port 79’, and through the passage 79 into the
chamber ¥ of the cylinder alined with the pilot
valve including the plunger PS¢ and the pressure
of the oil.acts on the piston 67 to force the same

1,085,404

toward the chamber Z. At this same time ithe
collar 86 is so disposed “thdt :~communication is
opened between the port 87 and the chamber 91.
The ‘oil pressure on the piston 67 tends to force
the pin 68 through the sleeve 69 and this move-
ment is transmitted through the balls 70 to the
pin 35 connected to the piston 34 -in the cylinder
33 of the housing 29 for the valve of the sixth
nozzle and this urges the piston 34 toward the
chamber W. At this time oil is free to flow from
the chamber W through the conduit 83, passage
31, port 87 into chamber 91 and therefore the
oil pressure on the piston 67 so acts that the
needle valve 26 for the sixth nozzle is urged into
seating engagement with the intake of the nozzles
and closes off this nozzle. 'The collars 84 and
$6 on the plunger P7 are positioned similarly to
the collars ‘84 and 86 on the plunger P¢ but these
collars are so arranged that cominunication to
the chamber Y of the seventh cylinder will be
established prior to the time :communication is
established to the chamber Y of the sixth cylin-
der and likewise communication will be opened
from the chamber W of the seventh needle valve

prior to the time communication is opened from ¢

the chamber W of the sixth.needie valve. Hence,
when the machine is operating at seventy-five
percent of its rated capacity, four needle valves
are held in wide open position and two are closed.

The other needle valve is so arranged that it can :

fiuctuate to compensate for slight variations in
the speed of the turbine. When the turbine is
ioaded to seventy-five percent of its rated capac-
ity, it operates at a predetermined speed and the
weights of the governor assume a determined
position. When, however, the load on the tur-
bine is decreased, and the steam flow from the
ring or bowl is to be decreased, the turbine speeds
up which causes the weights of the governor 50
to move outwardly and therefore the sleeve 51 is
moved upwardly. Upward movement of the
sleeve 51 moves the lever 53 and the links 56 up-
wardly and consequently raises the rod 61. All
of the plungers P are connected to the rod 61 and
heénce when this rod 61 moves upwardly all of the
plungers move similarly, the bell cranks 60 ful-
cruming about the pivotal connections 63. How-
ever, when the movement is slight, none of the
plungers are moved sufficiently fto affect the
needle valves controlled thereby except the
plunger P5. Since the collars on this plunger are
positioned directly over the ports 79 and 87,
slight ‘movement of the plunger P5 opens these
perts. Hence, when, as described, the rod 61
moves upwardly, indicating an increase in speed
of the turbine, which is indicative of a decrease
in the load, it is essential that the steam supply
be slightly reduced in order to bring the turbine
back to its normal speed for a seventy-five per-
cent load. Therefore, when the plunger P
movas upwardly, the collar 84 thereon moves into
such a position that communication is estab-
lished between the passage 81 and the port 79’
and passage 79 leading to the fifth cylinder and
therefore ‘additional oil flows into the chamber ¥
which moves the piston 67 to move the pin 68
through the sleeve 69 and this movement is trans-
mitted through the balls 70 to-the pin 35 to move
the piston 34 of the fifth needle valve toward the
chamber W and, since at this time communica~
tion is established hetween the port 87 and the
chamber 91, movement of the piston 34 toward
the chamber W forces oil from the chamber W
into the chamber 91. At the fime the piston 67
moves in the manner just described, the pin 65
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{s, of coutse, moved.” This ¢changes the position
of the pivotal connection 63 and the fifth bell
crank pivots about the rod 61 which moves the
arm 71 of the fifth bell crank and causes the pin
72 thereon to move through the slot 73 and this
forces the plunger P% downwardly so that the
collars 84 and 86 move back into position to close
off the passage 79 and the port 87.. Thus, the
fitth needle valve is returned in the position into
which it has been moved. - However, since the
fifth needle valve has been moved inwardly in a
slight amount, the steam flow through the fifth
needle valve is reduced which may be sufficient to
cause & decrease in the speed of the turbine.
Therefore, the weights of the governor 50 are
moved inwardly and the spring 52 acts to move
the sleeve 51 downwardly. This moves the lever
53 and the links 56 downwardly and consequently
the rod 61 also moves downwardly and pivots the
bell cranks 60 about the- connection 63. How-
ever, this movement will be slight and none of
the plungers P will be moved sufficiently to affect
the seating of the needle valves controlled there-
by except the plunger P5. This plunger will so
move under these conditions that the collar 84
thereon will move from position over the port 79*
and open communication between the chamber
Y and the port 80’. = At this same time the collar
86 opens communication between the port 87
and the passage 81. Hence oil flows through the
port 87, passage 83 and conduit 89 into the cham-
ber W of the fifth needle valve and the pressure
of this oil acts on the piston 34 to move this pis-
ton toward the chamber X and this movement is
transmitted through the balls 70 so that the pis-
ton 67 is urged toward the chamber Y, and oil
is forced frocm the chamber Y through the pas-
sage 79, port 79/, port 80’ and bore 81’ into the
chamber 91. However, when the piston 67 moves
upwardly, the pin 65 is also moved upwardly and
the fifth bell crank fulcrums on the rod 61 and
the pin 72 moves through the slot 73 to move the
plunger P5 back into position whereat the collar
84 shuts off the port 79’ and the collar 86 closes
the port 87. L S

The fifth needle valve continues to fluctuate

in this manner so long-as there are glight varia-.

tions in the turbine operating speed and the tur-
bine continues to operate under a. seventy-five
percent load. However; when there is a mate-
rial reduction in the load on the turbine, say for
example, when the load is reduced to twenty-
five percent of the rated capacity of the tur-
bine, there is a noticeable increase in speed of the
turbine, This causes the weights of the governor
50 to move outwardly which causes the sleeve 51,
links 56 lever 53 and rod 61 to move upwardly and
in this instance the movement of the rod 61 is
sufficiently to move the plungers P and P# into
positions similar to that in- which the plungers
P8 and P? have bzen disposed; that is fo say, so
that communication is established between the
chambers W.of the fourth and fifth needle valves
and the chamber 91 and so that communication
is cpened between the chambers Y of the fourth
and fifth cylinders and the passage 81. There-
fore, oil fows into these chambers Y and acts in
the above described manner to seat the needle
valves on the intakes of the fourth and fifth noz-
zles to thereby close off these nozzles. The fore-
going movement moves the plunger P3into a po-
gition similar to that shown in Fig. 3 so that this
plunger P3 then begins to operate in the manner
in which the plunger P° operates when the turbine

is operating under seventy-five percent load con-

ditions. The riormal turbine speed for a twenty-
five percent load is different from that for a seven~
ty-five percent load and therefore notwithstand-
ing the fact that two nozzles have been shut off
entirely, the turbine will not slow down to the
speed at which it was operating before the fore-
going change occurred. Hence, the rod 61 is dis-
posed in a slightly different position and the va-
rious: plungers are so disposed that the fourth,
fifth, sixth and . seventh needle valves remain
closed whereas the first and second reniain open
and the third needle valve fluctuates to care for
slight variations in speed. )
If the machine is operating under twenty-five
percent load as just described and the load is
increased to one hundred percent load, the tur-
bine slows down, the weights of the governor 50
move inwardly; and the spring 52 acts to move
the sleeve 51 downwardly and therefore the lever
53, links 56 and rod 61 move downwardly, and
this movement of the rod 61 is sufficient. to so
position the plungers that the first, second, third,
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fourth and fifth needle valves are open wide while -

the seventh needle valve remains closed and at
this time the sixth needle valve is fluctuated in
the manner in which the fifth needle valve fluctu-
ates when the machine is operating under a
seventy-five percent load, as described above. If
the machine is overloaded, the rod 61 moves down-

wardly still more and the sixth needle valve is *

opened wide and the seventh needle valve then
fluctuates in the manner described to care for
slight variations in turbine speed.

From the foregoing it will be apparent that
I have provided an arrangement which regulates
the operation of a turbine without throttling the
steam. The device so operates that the steam in-
put to the first stage is controlled proportionately
to the load on the turbine and furthermore the
device so operates that the steam input is varied
proportionately to slight variations in the-load
or speed of the turbine and this regulation for
slight variations ih speed operates under a great
variety of load conditions; that is to say, it is

effective eifher in fractional loads, normal load .
.or overload.

In the illustrated turbine, a bleeder chamber
25 is . provided between ‘the first and 'second
stages. 'This chamber includes a bleeder outlet
95 to which a steam line 95’ is connected so that
steam bled from the turbine may be directed to

applianices in which the steam is used for heat-'

ing purposes-and the like. As these appliances
are turned on.and off the steam consumption
varies which: varies the pressure in the bleeder
line and consedquently in the bleeder chamber 25.

One of the objects of this invention is to main-
tain-a constant pressure in the bleeder line and

bleeder chamber without throttling the steam and:

to this end nozzles 96 are provided in the wall 94
at the inner end. of the bleeder chamber 256. The
nozzles 96, which are similar to the nozzles 17,

extend at.an angle to the plane of rotation of the

second stage wheel 97 fast on the shaft 14 ad-
jacent thewall 94." The steam jets emitted from
these nozzles impinge on the blades or buckets on
the wheel 97 and the steam then impinges on the
blades -or buckets on the diaphragm 98 juxta-
posed to the wheel 97. In tlie illustrated embodi~
ment of the invention, the steam next flows to
the buckets on the wheel for the third stage and
so on through the turbine to the exhaust E. ‘It
is to be understood, however, that it is within the
purview of my invention to provide another bleed-
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may pass directly to the exhaust, any of these
arrangements being in accordance with the well-
understood practice.

In order to regulate the pressure in the cham-
ber 95 without throttling the steam, needle valves
99, substantially similar to the needle valves 26,
are provided for the nozzles 96.

As the pressure in the chamber 25 falls, means
are provided for closing off one or more -of the
nozzles 96, six nozzles being provided in-the illus-
trated turbine. As the pressure inthe chamber
25 rises, additional nozzies are rendered. opera-
tive so asto increase the steam flow to.the:second
stage which will reduce the pressure in. the
chamber 25.

Inasmuch as the steam flow throtugh themnozzles
96 is determined in accordance with the pressure
in the chamber 25 or the bleeder line, pressure re-
sponsive means are provided for controlling the
operation of the needle valves 89. This pressure
responsive means, illustrated in detail in Fig. 8,
includes a hody 160 secured to the turbine casing
1i. A cylinder 101 is provided in the body 100
and .a piston 102 is reciprocal therein. A conduit
103 leads from the pressure chamber 25 to one
end of the cylinder 101 and pressure variations
in the chamber 25 are transmitted through this
conduit to the cylinder 161 whereby the position
of the piston 102 is varied.. The piston includes
a shouldered end 103’ and extends into a cham-
ber 104 in the bhody 160.above and: about the
cylinder 101, A spring 105 in the chamber 104
bears on the shouldered end 103’ of the piston
and against an adjusting nuf 166. By varying

the position of the adjusting nut 1986, the tension-

of the spring 105 may be varied which affords an
adjustment for regulating the operation of the
device. A rod 107 is counected to the shouldered
end 103’ of the piston 102 and extendsout through
an opening 108 in the nut 106. One-end of a
lever 109 is pivotally connected at 110 to a sleeve
111 adjustably mownted on the rod 107. The lever
109 is connected intermediate its ends at 112 to

‘a sleeve 113 adjustably mounted in the rod 114

which extends through a packing gland inte the
cylinder 115 provided in the body 100 and this
end of the rod is connected to a piston-reciprocal
in the cylinder 115. The forked end of the lever
109 opposite to that connected to the sleeve 111
is pivotally connected at 116 to links 117. The
links 117 are pivotaliy connected to a rod 118. -In
the present instance, where six nozzles and needle
valves are provided, six bell cranks 120 are pro-
vided and the arms 119 of these bell-cranks are
pivotally connected to the rod 118. Pins 121 in
the bell cranks extend into slots 122 in blocks
123 adjustably mounted on rods 124. The rods
124 are connected to the upper end portions 125
of the plungers V of the pilot valves 126. A block
127, similar to the block B, is provided and the
valves 126 are formed in this block as are six cyl-
inders 127 in which pistons 133 are reciprocal.
Rods 131 are connected to the pistons 133 and
extend from the cylinders through suitable pack-
ing glands and have sleeves 130 adjustably mount-
ed thereon. The arms 128 of the bell cranks 120

are pivotally connected at 129 to the sleeves 120..

Pins 134 project from the pistons 133 opposite to
and in alinement with the rods 131 and these
pins extend into sleeves 135 mounted at the lower
ends of the cylinders 132. Tubes 136 are respec-
tively connected to the sleeves 135 and these tubes
are respectively connected to caps 139 provided
at the outer end of the bodies 140 of the needle
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er chamber after the second stage or .the steam’

valves cooperating with the six nozzles, The tubes
136 are filled with balls 137 which are arranged
similarly ‘to the balls 70.

In .operation, certain :of the needle valves are
arranged to be wide open and others are seated
against the intakes .of .their nozzles and this ar-
rangement is such that, so long as a predeter-
mined pressure is maintained in ‘the bleeder
chamber 25, the needle valves remain in this
position. One needle vaive is arranged to fiuc-
tuate inthe manner previously described so .as
to care for .slight variations in pressure, slight
variations in pressure imparting small movement
to the piston 162 which moves the rod 107 which,
in turn, pivots the lever 109 about its fulerum 112.
This movement is transmitted through the links
117 to the rod 118 to lower the rod 118 when the
pressure in the chamber 25 rises and to raise the
rod 118-as the pressure falls. "The plungers V are
arranged in staggered relation in the same man-
ner -as the plungers P and hence, when the rod
118 .moves downwardly, communication is estab-
lished . between the .oil intake line 141 and the
conduits 142 which lead to chambers in the
bodies 149 substantially -similar to the chambers
W, the number of conduits 142 -connected fo the
intake line 141 being dependent upon the pres-
sure, it being -apparent that when oil flows
through the conduits 142 the needle valves'89 are
moved into open position. The oil intake line 141
is connected to the oil supply line 82, Fig. 3.
Likewise, when the pressure drops and the rod
118 moves upwardly, the plungers V also move
upwardly and said plungers .close off communica-
tion to-one or more of the conduits 142 and open
communication into cne or more of the cylin-
ders 132 to act on the pistons 133 therein to move
the pins 134 through the sleeves 135 to thereby
force the:needle valves to which the various tubes
136 lead inwardly to seat on the intakes of the
nozzles. "~ As stated, one of the nozzles, which is
always the nozzle adjacent the last wide open
nozzle, fluctuates to care for slight variations in
pressure.. - o

The provision of a plurality of nozzles leading
from the bleeder chamber and the provision of
means for controliing steam flow through these
nozzles enables me to care for-varigtions in pres-
sure in the bkleeder chamber without throttling
the steam and, by providing a plurality of nozzles,
I-am enahled to care for wide variations in pres-
sure. At the same time, the arrangement is stich
that compansation is made for slight variations
in pressure and therefore it is possible tc main-
tain within relatively narrow limits a desired
pressure in the bleader chamber.

It will be apparent from the foregoing descrip-
tion that I have provided a method and means
for regulating a turbkine so that the steam input
may be kept proportionate to the load on the
turbine and furthermore I am enabled to msin-
tain the turbine speed within definite narrow lim-
its. Moreover, the arrangement is susceptible for
use in connection with a bleeder chamber so that
desired pressure may be maintained in the bleeder
chamber and bleeder line. Since the arrange-
ment is such that it directly controls the stcam
flow through the nozzles; it is possible to regulate
the operation of the turbine or the pressure in the
bleeder chamber without throttling the steam
which obviously increases the efficiency of the
apparatus. ’

In the foregoing description I have described
my invention in connection with a steam turbine
but it is to be understood that steam is used in
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4 generic sense for my irivéntion is adaptable fox
use with any turbine employing an elastic fluid.

While I have illustrated.-and described selected
embodiments of my invention, it is to be under-
stood that these are capable of variation and
modification and I therefore do not wish to be
limited to the precise details set forth but desire
to avail myself of such changes and alterations as
fall within the purview of the following claims.

I claim:

1. In a steam turbine, a wheel having buckets
thereon, a plurality of nozzles for emitting jets

of steam o the buckets on said wheel, a needle

valve for each of said nozzles and shaped to de-
termine the expansion ratio of the nozzie with
which it cooperates when extended into-the inlet
of said noczzle and movable between closed and
wide open positions rciative to said inlet and
into positions intermediate the clesed and wide
open positicns, the position of said needle valves
relative to the inlets of said nozgles regulating
steam emission from the nozzles, fluid operated
means for independently effecting movement of
the needls'valves into closed and wide open posi-
tions and positions intermediate the closed and
wide open positions, means for controlling op-
eratiocn of the turbine proportionately to operat-
ing conditions thereof and operable to selectively
actuate said fluld operated means to selectively
position said needle valves in closed or wide open
positions or in positions intermediate closed and
wide
said buckets, and second fluid operated mesns
cooperatbing with the first fluid operated means
said needle valves in the positions into
which they are moved upon operation of the
means controlling operation of the turbine, said
means controlling operation of the turbine in-

cluding pilot valves for- regulating flow of fiuid
-to the first and second fluid operated mesns. )

2. In a steam turbine, a wheel having buckets

- thereon,.a plurality of nozzles for emitting jets

of steam to the buckets on said wheel, & needle
valve for each of said nozzles and shaped to de-
termine the expansion ratio of the nozzle with
which it cooperates when extended into the in-

let of said nozzle and movable between closed and

- wide open positions relative to said inlet and
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into positions intermediate the closed and wide
open positions, the positions of said needle valves
relative to the inlets of said nozzles regulating
steam emission from the nozzles, fluid operated
means for independeéntly effecting movement of
the needle valves -into closed and wide open po-

-sitions and positions intermediate. the closed and

wide open positions, means for controlling opera-
tion of the turbine proportionately to operating
conditions thereof and operable to selectively ac-
tuate said fluid operated means to “selectively
position said needle valves in closed or wide open
positions or in positions intermediate closed and

wide open positions to regulate steam emission 'to
said buckets, and second fluid operated means’

cooperating with the first fiuid operated means

“to hold said needle valves in the positions into

which they are moved upon operation of the
means controlling operation of the turbine, said
means controlling operation of the turbine in-

-cluding. pilot valves for regulating flow of fuid

to the first and second fluid operated means, and
means common to said pilot valves and operable

_upon operation of said means controlling opera-

tion of the turbine to selectively control the flow
of fluid to said first and second fluid operated

‘meanns.

open pesitions to regulate steam emission to-

3. In a’steam turbine; a wheél having buck-
ets thereon, a plurality of nozzles for emitting
jets of steam to the buckets on said wheel, a
needle valve for each of said noczzles and shaped

to determine the expansion ratio of the nozzle’

with which it cooperates when extended into
the inlet of said nozzle and movable between
closed and wide open positions relative to said
inlet and into positions: intermediate.the closed
and wide open positions, the positions of said

needle valves relative to the inlels of said noz-

zles regulating steamn emission from the nozzles,
fluid operated means for independently effecting
movement of the needle valves into closed and
wide ‘open positions and positions intermediate
the ciosed and wide open positions, means for
contreolling operation of the turbine proportion-
ately to operating conditions thereof and oper-
able to’ selectively actuate said fluid operated
means to selectively position said needle valves
in closed or wide open positions or in positions
intermediate closed and wide open’ positions. to
reguilate steam emission to. said ‘buckets, and
second " fluid operated means cooperating  with
the first fluid operated means to hold said nee-

dle valves in the positions intc which they-are .

moved upon operation of the means controlling
operation of the turbine, said means controlling
operation of the turbine including pilot valves for
regulating  flow of -fluid to theé first and second
fluid operated means, and means to which all
of said pilot valves are connected whereby all

of said pilot valves ars moved upon operation-

of said means conftrolling the opera,tlon of the
turbine.

4. In a steam turbine, a Wheel havmsr buck-
ets thereon, a nozzle for emitting a jet of steam
to the buckets on said wheel, a needle valve for
said nozzle and shaped to determine the expan-
sion ratio of the nozzle when exiended into the
inlet of said nozzle and movable between closed
and wide .open positions relative to said inlet
and into positions intermediate the closed and
wide open positions, a cylinder, a piston in said

cylinder, said needle valve including a stem ex-

tended. into said cylinder and connected to said
piston whereby said needle valive is movable with
said piston, means for admitting fuid to said
cylinder on both sides of said piston to effect
movement -of said piston and said needle valve,
and means cooperating with said piston on the
side thereof opposite to that whereat said stem
is connected and adapted to retain said piston
in positions into which it is moved by fluid ad-

~mitted into said cylinder on the side of said pis-~

ton whereat said stem is connected.

5. In a steam turbine, a wheel having buckets
thereon, a nozzle for emitting a jet of steam to
the buckeis on said wheel, & needle-valve for said
nozzle and shaped to determine the expansion
ratio of the nozzle when extended into the inlet
of said nozzle and movable between closed and
wide open positions relative te said inlet and into
positions inter mediate the closed and wide open
positions, a eylinder, a. piston in said cylinder, said
needle valve including a stem extended into said
cylinder and ccnnected to said piston whereby

.said needle valve is movable with said piston,

means for admitting fluid to said cylinder on both

sides of said pisten to effect movement of said 4

pistonn and said -needle valve, & second cylinder,

‘a piston- in said second cylinder, a device ex-
-tended between said cylinders and having means

for fransmitting the movement of one of sald

~ pistons to the other. of said pistons, and means 7
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for-admitting:s fuid under-pressure: torthe second

eylinder to-hold:the piston:therein against.move~

ment in.one direction whereby the piston.to which
said stem is conneacted may be retained in posi-
tions intc which it is moved by fluid admitted into

the first cylinder on the side of the piston therein

whereat said gtem is connected:

6. In. a.steam turbine; a wheel having buckets
thereon, a nozzle: for: emitting & jet of: steam to
the buckets:on said wheel; a needle valve forrsaid

nozzle and shaped.to determihe the:expansion:
ratio of the nozzle when extended into:the:inlet: of:

said nozzle and movable between closed-and wide
open positions relative to said.inlet and intc posi-
tions intermediate the closed and wide open posi-
tions, a.cylinder; a piston in: said cylinder, said

needle:valve including a stem extended into said-

cylinder and' connected to:said piston whereby

said needle valve is movable with said piston,..
means-for admitting fAuid to said cylinder.on both:
sides of said piston to effect movement of said:
piston. and:said needle valve, a:second cylinder; &
piston in said second cylinder, a. device extended-

between. said’ cylinders and having means. for
transmitting the movement of one of said pistons

to the other of said pistons,; means for admitting:a:

fluid under pressure tc¢ the second cylinder:to

hold the piston therein against movement in:one-

direction whereby the piston: to which said stem

is connected may be retained in positions into-

which it is' moved: by fluid: admitted: into the
first cylinder on: the side of the piston: therein
whereat said: stem is: connected, and means in-
cluding a- pilot' valve controlling fiuid flow. to
both of said cylinders and regulating movement
of said pistons.

7. In a.steam turbine, a- wheel having buckets:

therson, a nozzle for emitting a jet of steam:to the
buckets on said wheel, a needle vaive for said noz-
zle and shaped to determine the expansion ratio
of the nozzle-when extended into the inlet of said
nozzle and movable between closed and wide open
positions relative to said inlet and into posi-
tions intermediate the closed and wide open posi-
tions, a cylinder; a piston. in said cylinder, said
needle valve including a stem extended into said

cylinder and: connected to said piston. whereby-

said needle valve is. movable with: said piston,
means for admitting fluid to said cylinder on
both sides. of said piston to effect movement of
said piston and said needle valve, a second
cylinder, a piston in said second cylinder, a.de-
vice extended between said cylinders and having
means for transmitting the movement of one:of

said pistons to the other of said pistons, means-

for admitting 2 fluid under pressure: to the sec-
ond cylinder to hold the piston therein against
movement i one direction whereby the piston to
which said stem is connected may be retained
in positions into which it is moved by fluid:ad-
mitted into the first cylinder on the side of the
piston therein whereat: said: stem: is. connected;
means including a. pilot valve controliing fluid

flow to both of said cylinders and regulating move--

ment of said pistons, and means.responsive: o
operating conditions of the turbine for controlling
the operation of said: pilot valve to regulate fuid
flow to said cylinders. ’

3. In a steam turbine, a’wheel having buckets
thereon. o nozzle for emitting a jet of steam to
the buckets on said wheel, 2 needle valve for
said nozzle and shaped:to determine the expan-

sion.ratio of the nozzle when extended into the.
inlet of said nozzle.and movable between: closed:
and: wide: open. positions relative: to. said inlet:
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and: into pesitions: intermediate: the: closed: and:
wide open positions, a cylinder; a piston . in:said:
eylinder; said needla valve includingra: stem. ex-
tended into . said cylinder and connected: to said:
piston whereby said needie-valve is movable with
said piston, means for admitting fluid to: said
cylinder on both. sides of said. piston to effect
movement of said piston and said needle valve,
means cooperating with said piston. on: the side
therecf opposite to that whereat said. stem is
connected and adapted: to retain said piston in
positions into which it is moved by fluid admitted
into said cylinder onthe side of said piston where-
at said stem is connected, and means responsive
to operating conditions of the turbine and con-
trolling fluid admission to said cylinder to reg-
1late the position of the piston therein and the
position of said needle valve relative to said inlet:

9. In a steam turbine, a wheel having buckets
therson, a nozzle for emitting a jet of steam to
the buckets on said wheel, a needle valve for said
nozzle and shaped to. determine the expansion
ratio of the nozzie when extended into the inlet
of said nozzle and movable between closed and
wide open positions relative to said inlet and into
positions intermediate the closed and wide open
positions, a cylinder, a piston in said cylinder,
said needle valve including a stem exfended into
said cylinder angd connected te said piston where-
by caid needie valve is movable with said piston,
means for admitting fluid to said eylinder cn both
sides of said piston to effect movement of said
piston and sz2id needle valve, a second cylinder,
a piston in said second cylinder, a device ex-
tended between said cylinders and having means
for transmitting the movement of one of said
pistons tc the other of said pistons, means. for
admitting a fluid under pressure io. the second
cylinder to hold the piston therein against move-
ment in one direction whereby the piston to which:
said- stem is:connected may be retained in. posi-
tions into-which it is moved by fluid-admitted into
the first cylinder on the side of the piston therein
whereat said stem is connected, means including
a piiot valve-controlling fiuid:fiow.to both of :said:
cylinders and regulating movement of said. pis-
tons, and rneans- responsive to-operating condi-
tions of the turbine fox: controlling: the operation
of said pilot. valve to regulate fiuid flow. to-said:
cylinders, said means responsive to the operat-
ing conditions of the turbine including a -movable
member connected: to. the piston in the second
cylinder, a. member conneected to said pilot
valve and having. a-slot- therein, means. on
said.movable-member disposed in said slot to be
movable therealong; and means. connecting. the
movable member to -a device actuated by operat-
ing. conditions of the turbine whereby actuation
of said device moves said pilot valve whereupon
movement of the piston in.the second cylinder is
effected and the movable member is:moved with-
gaid. piston to move the means thereon in: said
slot along said slot to move- the:pilot valve back:
intc the position in. which it was-disposed prior
to. movement thereof upon actuation of the- de-
vice . responsive- to operating. conditions  of the
turbine. . ‘

10. In a:stearm: turbine; a: wheel Having buckets
thereon, a:nozzle for emitting ‘a. jet of steam to
the huckets on: said-wheel, a needle valve for said
nezzle-and shaped to determine the expansion.
ratio.of the nozzle -when exteaded into the .inlet
of said nozzle and movahle between closed and’
wide cpen positions relative tosaid:inlet:and into
positions intermediate the closed and wide.open.
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positions, a cylinder, a piston in said eylinder,
said needle valve including a stem extended into
said cylinder and connected to said piston where-
by said needle valve is movable with said piston,
means for admitting fluid to said cylinder on both
sides of said piston to effect movement of said
piston and said needle valve, a second cylinder,
a piston in said second cylinder, a device extended
between said cylinders and having means for
transmitting the movement of one of said pistons
to the other of said pistons, means for admitting
a fluid under pressure to the second cylinder to
hold the piston therein against movement in one
direction whereby the piston to which said stem is
connected may be retained in positions into
which it is moved by fluid admitted into the first
cylinder on the side of the piston therein whereat
said stem is connected, means including a pilot
valve controlling fluid flow to both of said cylin-
ders-and regulating movement of said pistons,
and means responsive to operating conditions of

9
the turbine for controlling the operation of said
pilot valve to regulate fluid flow to said cylinders,
said means responsive to the operating condi-
tions of the turbine including a device actuated
by changes in the operating conditions, a link
connected to said device to be movable thereby,
a bell crank lever, means. connecting the bell
crank lever to the piston in the second cylinder,
means connecting the bell crank lever to said
link, said pilot valve including a part having a
slot therein, means on the bell crank lever mov-
able along said slot, movement of said link mov-
ing said bell crank lever to move the pilot valve
to admit fluid at least to the second cylinder to
move the piston therein and movement of the pis-
ton.in the second cylinder moving said bell crank
to move the means thereon in said slot along said
slot to thereby move the pilot valve back into the
position in which it was disposed prior fo move-
ment of said link.

‘ JOSEF Y. DAHLSTRAND.
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