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turbmes comprising. a-bucket: wheel and means
for directing :and controlling the flow of elastic
fluid to-said bucket wheel.. This means -usually

"8 .comprises a nozzle or nozzles and a single or.a
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‘plurality of throttle valves. ‘
flow. of elastic fluid to the turbine by means: of

The control of the

a throttle valve or valves causes 2 1oss.of energy
which reaches g maximum when the throttling is
accomplished. by a single valve. ‘This loss.is-con-
siderably:reduced by the provision of a plurality
of :valves for .controlling: the flow to.a plurality

‘of groups of nozzles and-the loss reaches'a mini-
C:mum in case a control valve is provided for each’

nozzle.  The last arrangement, however, is in

‘most ‘cases prohibitive in view of the great manu-

facturing cost. The-customary arrangement re-

-sorted totherefore comprises.a plurality of groups
‘of nozzles and g throttle valve for each group.
:Each group may have the same number of noz-:
-zles or.a different-number of nozzles: ;

The object of our invention: is to provide an
improved - construction and arrangement of ‘the
kind -of “turbines abgve specified: whereby. with
comparatively few groups.of nozzles and a sep-
arate valve for each group substantially the same

-control.effect is obtained as with an.arrangement.

in.which: the flow of elastic fluid to.each nozzle
is controlled by a. special throttle valve.

novel ‘and our invention, attention is-directed to
the following description and the claims append-

‘ed thereto in connection with the accompanying

drawings which form a.part of our specification.
In-the drawings, Fig. 1.is a!perspective view

‘partly broken away of an arrangement emhody-.
ingour invention'and Figs. 2 to 5 inclusive are

. exploded views of a part of Fig. 1 under chfferent
‘operating : conditions,

The arrangement  comprises an .-elastic ﬂuld‘

‘turbine 10 having a.plurality of nozzles for direct-
ing. the flow of elastic fluid in to.a bucket wheel,
not shown. -In -the present instance we have
indicated six such-groups of nozzles i1, i2,:13,14,
18, and 18. The first three groups comprise only
.one .nozzle each, whereas. the Jast ‘three grouns
14, 15, and 16, have four nozzles: each, that: is,
a numbex greater by .one than the total number
_of nozzles-of.the first three groupo, or-froma
general viewpoint, if the number of - nozzles of
each :of the first'or primary groups is:“n” and.the
number of ;such groups is “m” we provide the sec~
.ond .or. secondary groups of nozzles with a num-
ber.of nozzles equal to: (nxm) 1. .

- Elastic fluid is conducted to the nozzles through

“bine:

\gloups or. individual nozzles I,

. For. a consideration of what we believe to be

. . (CL 253—59)
The -present 'irivention relates to elastlc ﬂuld

a.chest. 11 ha,vmg an-inlet ls connected to-a
source: of ‘elastic fluid, not:shown. - The chest has

“a’'bottom. {8 with a plurality of openings for con-

ducting elastic.fluid from the chest:to:the groups
of nozzles, . Valves 20, 24,22, 23, 24 and:25.are
provided fm controrlmg the ﬂow of elastic: fluid
from’ the:.chest:to“the groups ‘of nozzles. The
valves. ate. controlled: by a. ‘meéchanism, in" the

present’ instance :indicated’ as a speed governing - -
10

mechanism; whereby . the valves are moved. in
response to ‘speed ‘or.:load changes of ‘the tur=
The arrangement’ according to our.inven-
tion is such :that the valves 28;.21,;

may: be termed. secondary ;valves, the valves 20,

24 and 22, whieh may.be termed primary valves,
-are’ cons ecutlvely closed. - The primary valves

25,21, and 22. ave consecutlvely opened inter-

Amediat‘e the consecutive’ opening - of -two -sec~

ondary valves Thus, the primary valves- 20, 2f,

and 22 are’
.consecttively:opened and closed Whlle the. other
-valves. 23, 24, and 25 are opened. ‘During: the
.opening of any of the valves 23,.24; and 25, which

15

20 .

and 22 for: d1rect1ng the How {0’ the primary;’

12, and 13, serve
to ‘subdivide ‘the large: groups l4 15,"and- {6,

,thereby effecting gradual; substa,ntla.lly uniform

change in ﬂow during Valve opening travel -and
small loss in efficiency by throtthng ‘of e1ast1c
ﬂuld

More spemﬁcally, the mechamsm shown in the
drawing . comprises ‘a speed governor- 26 -driven

from.the turbine shaft 21 and.connected to the:

right-hand end of & lever 28 having a fulerum29;
The left-hand end of: lever.28.is connected to.a

.gﬂoatln‘r lever or follow-up lever 30 having an in-

termediate point connected to. a pilot valve :or
control member 3i and its left<hand end. vaoted

to a hydraulic, motor 32.controlled by the pilot"
- valye.

The latter comprises g cylinder 33 hav-
ing:.an.inlet conduit 34 for receiving actuatmg
fliid such as oil and -a drain conduit: 85,  +The

:connectmns to’ these conduits are normally cov=~
ered by vaive, heads 3§ and 31 ‘respectively: .se-

cured:to a-stem 38, which Iatter is connected o

--the -intermediate point of the floating lever 30.

A conduit 38.is connected between the pilot.valve
and the hydraulic motor.32. The latter includes

;a cyhnder A0 havmg a. plston 41 movable there~
inand - biased -in a. downward - direction : by...a
.sprmg 42,
.43 pivoted to the left-hand -end of floating lever
“89- and. having an 'upper portion;connected o -a
“rack rod 44. -The latter: meshes w1th a:pinion 45

The piston. 41 is fastened to a stem

cecured to. & cam shaft:46.
The arrangement 's0.. far descnbed is well
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known. .~ During operation, an ‘increase in . load:-

10

effecting a decrease in speed causes the fly balls
of the governor to move inwardly, thereby effect-
ing upward movement of the right-hand end -of
the fulcrumed lever 28 and downward movement

‘of the.pilot valve stem-38. - The lower valve head

35 thereby uncovers-its port connection te.con-

~duit 23 and permits actuating fluid being sup-
plied through the pilot valve and the conduit 38

into the cylinder 48 of the hydraulic motor. The
actuating ‘fluid causes upward movement of ‘the

- piston &1 against the biasing force of the spring-
42-and through-the rack red 44 and the pinion.

45 effects turning of thé ‘cam shaft 46 in .the

direction: of the arrow indicated.. This move-

ment effects, by a mechanism which will .be de-~

.scribed hereinafier, opening of the valve means

~-and an increased flow of elastic fluid to the tur-

“bine; -
“causes upward movement of the left-hand’ end of

20

Upward. movement cf the stem 43 aiso

thé floating lever 38, effecting upward movement

-:of the pilot valve. stem-38, which latter.thereby

30
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“is restored- to-its original position in which the
pilot-.valve heads .36 'and 37 cover their ports,

This is a.usual follow-up arrangement.

".The six turbine’ control.valves are moved by
means including four cams 47, 48, 49, and 506 se-
cured to:the cam.shaft 46. Movement of the

.cam 47 is transmitted to the primary valves 28,
214, and 22 through g lever 5{ having one end. pro-

vided with a roller 52 engaging the cam 47 and
another end pivoted to.a fixed rod §3. -An inter-

‘mediate point of the lever §{ is pivoted to a rod

or stem 54 which has a forked end 55 connected
to a bar 58.  Each .valve 28, 2f, and 22 has a

stem. 67, B8, and 58 respectively, slidably pro-
Jjecting through. a-bore in the bar.

These stems
are of different lengths and their upper ends are
pbrovided with abutments 88 whereby the valves
;‘and 22 are consecutively removed from
their seats as the bar §8-is moved upward.. - Simi-

larly, movement of the cams 48, 49, and 50 is

transmitted to the secondary valves 28, 24, and
25 respectively through levers 61, 62, and 83, each
of which has one end prov:ded Wlth a roller en-
gaging the cams and the other end pivoted: to

said-rod 53. -An intermediate point of-the levers-
8

62, and 63 is connected to stems 64, 85, and
66 respectlvely of the seconda,ry Valves 23 24 and

25,
" The operation of the mechanism will be more

clearly understood from a consideration of Figs.
210 5 inclusive, showing an-exploded view of the

“valves and-the cams at different opersting con-

55
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ditions -of the furbine. .
Fig.-2 corresponds t6 that -of Fig. 1 in which all

-valves are closed. Let us first consider the opera- -

tion -of the primary cam 47 and the primary

valves: 28,21, and 22 during a complete revolu-:-

tion of the cam 41.° The cam has four valve
opening surfaces §7, 88, 69, and 10 and four valve

“ -closing surfaces 117 72,13, and 74, assuming the

65.
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cam .is turned in one direction only.. To ‘sim-
plify the arrangement the cam has been shown

as a symmetrical star cam. ' If this cam is turned-

one-eighth of a revolution in clockwise diréetion,

~the cam opéning surface 87 moves the roller 52

upward into the position shown in Fig. 3;" In this
position all three valves 20, 21, 'ancl 22 are opened.
Due to the different:lengths of the valve stems
these -valves open consecutivelyas, pointed out

-above, that is, after one twenty-fourth of a revo-

* lution, valve 20. would 'be opened,” after two
. twenty-fourths of & revolution, valve 2{ -would

%

-he’ opened -and-after three twenty-fourths. or

of the secondary valve 23.

“The position shown-in:

-1,997,456

one-eighth of a i'evolution,- valve 22 would be

opened. The valves 28, 2{, and. 22 are now in

the position indicated in Fig. 3...If the cam 47 is.
further- turned. another eighth - of- a complete .

‘revolution, the roller $2 travels along the cam

closing surface 71, whereby the valves 22, 21, and
20 are. consecutively closed in the order.men=
tioned, reaching the position indicated in Fig. 4:
If the cam 47 then is rotated anothér eighth of
a revolutmn the. valves are again opened and

are-again closed, reaching the position indicated
in Fig, 5.

shaft. Whereas, I have provided a single pri-
mary cam 471 for the primary valves 2§, 24, and

10

‘after a further eighth of a revolution; the valves’

Thus Fig. 5 represents the position -
“reached after one-half of a revolution of the cam |

15

27, each of these valves may be-controlled by a

separate.cam.

The relation between the operatmn of the- pri--
mary valves and the primary cams.and that of the ¢

secondary valves and the secondary.cams:is as fol=
lows: While the cam shaft-is rotated the -first
eighth .of .a revolution, the rollers on levers 61,
52, and 63 travel on the “closed idling” surfaces

15, T8, and 17 of the secondary valve cams 48, 49, 25~

and 88 respectively, the secondary valves remain-- .
During g further one-eighth -

ing closed (Fig.3):"
of & revolution of the cam:shaft, the roller en-

‘gaging the cam 48 travels along the cam opening )
surface of said cam, that is, the cam opening sur- K

face forces the roller upward, effecting opening
During this period of
time the primary valves -have “been closed, the

“other secondary valves 24 and 25 remaining closed.

(Fig. 4).

another eighth of a‘revolution, the primary valves
are again consecutively opened, effectingsteain
supply through seven nozzles, arid after-a further
eighth, that is, after one-half of a revolution; the
primary valves are closed.and-the secondary valve
24 is opened. Eiastic fluid then is-supplied

‘through eight nozzles to the turbine (Fig. 5),

Thus; whereas.in the pos11:1on of Fig.' 3 elastlc_'
fiuid is supplied:through three nozzies only, inthat -
of Fig. 4 elastic fiuid is supplied through four noz-:
-zles to the first bucket wheel of:the turbine::: After

o,
;e
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During this last period the roller for the secondary -

‘valve- 23 engages the “1dl1ng opemng” surface 18

of the cam 48."

After three-fourths of g complete revolutlon
thethird secondary valve 25 is opened, elastic fluid
being conducted to the turbine through the three
secondary valves 23, 24, and 25 to the groups of
nozzles 14, 18, and 16.- After ancther eighth of &

‘revolution, that is, after seven-eighths of a com-

plete revolutlon the primary valves are opened
and elastic fluid is supplied through: all - fifteen

‘nozzles provided in the preseént arrangement.
From the above it will be readily understood

that with our regulating arrangement, which in

_the present instance includes six valves and fifteen

nozzles, the same- effect is' obtained’ as with 'an
srrangement in which-fifteen:valves, that is, one
valve for each nozzle, is provided. - 'This 'r’esulvts in
a considerable reduction-of losses due to throttling

and in g more uniform change of ﬁow durmg the

cpening travel of the valves.
If the cam’ shaft 46 were turned:more than

seven-eighths of a revolution, the rollers would en-

gage cam closing surfaces 719, 8%, and 8 which

50
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would permit closing of all of the. valves duting . e

about one-eighth of a revolutlon of the.cam shaft.
In our preferred: arrangement we brovide means
for limiting the angular movement of the cams,
in the present 1nstance indicated as a stop 82 in

5
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the hydraulic eylinder 4!} This prevents closing

~of the turbine valves by limiting the “angular

movement of ‘the cam shaft 46 and the cams.
Another stop 83 provided near the bottom of the
cylinder 48 limits the downward movement of
the piston 41.

Closing movement of the. turbine valves to' re-
duce the flow of elastic fluid during descreasing
load and increasing speed is effected through the
hydraulic motor 40 and the pilot valve 31 by turn-
ing the cam shaft in opposite difection. When
this occurs the ‘cam surfaces, which formerly
caused opening of the valves, now effect closing

thereof and the operation of the different cams

and. the valves, in particular the relation between
the operation of the primary cams and valves and
that of thesecondary cams and valves; is Very sim-
ilar to that described above with regard to in-

-creasing load demand on the turbine.

- Having described the method .of opera,’mon of

our invention; together with the apparatus which

we now consider to represent the best embodiment
thereof, we desire to have it understood that the
apparatus shown'is only illustrative and that the
invention may be carried out by other means.

What we claim as new and desire to secure by .

Letters Patent of the United States, is:
1. In an elastic fluid turbine; a plurality of

“individual nozzles and groups-of nozzlés for di-

recting elastic fluid to a-bucket wheel, means
for controlling the flow of -elastic fluid o the

- nozzles comprising primary valves for separately

35
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controlling. the flow to several individual nozzles
and at least one secondary valve for simul-
taneously controlling the flow of fluid to a group
of several.nozzles, and means including cams for

‘first “consecutively -gradually opening  the  pri-

mary valves, then ‘gradually opening the second-
ary valve and simultaneously consecutively-clos-~
ing all of the primary valves, and finally grad-
ually  reopening -the primary :valves when the

. secondary valve is: fully opened to obtain sub-

stantially the same control effect as may be ob-
tained with a.separate valve for each nozzle.
2. In .an. elastic. fluid turbine, & plurality of

individual nozzles and a plurality of groups of

nozzles for. directing fluid to a bucket wheel, a
primary valve for. controlling the flow of fluid
to each of said individual nozzles, and a.second-
ary valve for controlling the fiow to each of said
groups, means.including cams for controlling the

valves effecting 'consecutive gradual -closing of_
- the primary" valves while: a secondary valve is

being opened and consecutive gradual opening
of: the primary valves after a secondary valve

has been moved into full -opening position for:

obtaining a substantially uniform change of ﬂow
during load increase on the turbine.

3. In an elastic fluid turbine, a plurality of in-
dividual nozzles and & plurality of groups.com-
prising a number-of nozzles greater by one than
the total of the individual nozzles, primary valve
means for separately controlling the flow of fluid
to each  of said individual nozzles,: secondary
valve means for-separately .controlling the flow
of fluid to each of said groups, and means. for
operating both valve means to effect during load
increase consecutive gradual opening of the sec-
ondary valve means and: during the opening’ of
each secondary valve means consecutive gradual
closing of the primary. valve means:and . inter-

mediate the. opening -of two secondary valve

-8

means consecutive -gradual opening of the pri-

mary: valve means to .obtain & straight line flow
characteristic of the turbme

4, In an elastic fluid turbine, a plura,hty of in-:

dividual nozzles and a plurality of groups coms-
prising a number: of nozzles greater by one than

-the total of the individual nozzles, primary valve

means-for separately controlling the flow of fluid

to each of said individual ‘nozzles,” secondary

valve means for separately controlling the flow
of -fluid to. each of said groups, and.a governing
mechanism - including - a cam shaft with-a cam
for .operating the primary valve means and a

10~

plurality of - cams. for: operating the secondary

valve means to effect during a certain Joad .in-

155

crease first opening of the primary valve means, .-

~then -opening of a secondary valve means and e
simultaneously - closing of the primary valve &

means, .and with said secondary valve means in.. ..

fully opened ‘position consecutive opening ‘of the
primary: Valve means.
5.In" an elastic fuid turbine, & plurahty of

‘individual nozzles ‘and groups:of. nozzles for di-:

recting  elastic ‘fluid ‘to ‘a bucket: wheel, a- chest
having an inlet for receiving-elastic fluid, a bot~
tom ‘in the chest having a plurality of openings
each connected - to an individual nozzle and a
plurality ‘of larger openingsconnected:to “sep-

arate: groups of ‘g number of nozzles greater by.

one’ than the total of individual nozzles, a pri-

mary. valve for each of the first mentioned open-
ings, ‘a secondary valve for each of the larger
openings; a speed governing mechanism includ:

‘ing .a speed goveriior driven by the turbine -and
2, cam” shaft  cverated: in  response’ to- speed-
‘changes, cam: means on the. shaft for ‘consecu-

tively  gradually ‘opening the secondary ‘valves

during speed drop; and other cam means on: the:

shaft’ for consecutively gradually - closing - the
primary valve means during the opening of each

secondary valve:‘means, said’last named cam’

means effecting consecutive gradual opening- of

“the  primary valve. means prior to the opening

of . each -secondary valve means to obtain g
straight - line flow characteristic of -the turbine.

6. In an elastic. fluid turbine; ‘a- plurality of
1nd1v1dua1 nezzles and a plurahty of groups com-

20.
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prising. a nuinber of nozzles greater by one than -

the total of the individual nozzles, primary valve

means for separately controlling the flow of fluid
to each of said individual nozzles, secondary valve
means for separately controlling the flow of ‘Auid

50

to each of said groups; and means for operating -

both valve mieans to effect during load increase

consecutlve gradual. opening -of: the  secondary:

valve means and during the opening of each sec-

55

ondary valve means consecutive gradual:closing

of the primary valve means and intermediate the
opening of ‘two secondary valve means consecu-

-tive gradual opening of:the primary valve means

to obtain a straight ‘line flow characteristic of

the turbine, the means for operating the primary:

valve means 1nclud1ng a-cam_having a plurality
of cam: .opening and closing’ surfaces for. causing

‘a plurality of consecutive opening and. closing

movements. of the ‘primary valve means. during
the- consecutive opening of . the secondary valve
means. . : £ )
" EDGAR D. DICKINSON.
ARTHUR. D, 'SOMES.: .
FRANKLIN -R.: ERICSON. '
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