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No. 766,021.

Patented August 9, 1904.

JAMES WILKINSON, OF

A CORPORATION OF ALABA‘\HIA

BIRMINGIAM,
WILKINSON STEAM TURBINE COMPANY,

THE

TO
OF BIRMINGHAM, ALABAMA,

ALABAMA, ABSSIGNOR

GOVERNING MECHANISM FOR TURBINES.

SPECIFICATION folmlng part of Letters P&tent No 766,021, dated &ugtmt 9, 1904
Apphcmtmn filed Apml 8, 1904, Serial No. 202,245, (No model.)

To all whom ¢t }’?'“Mby CONCETTL:

- Beit known that 1, J ames WILKINSON, aciti-
zen of the United States, residing at Birming-
ham, in the county of Jefferson and State of

5 Alabama, have invented new and useful Im-
provements in (zoverning Mechanism for Tur-
bines, of which the followmﬂ‘ 1S 4, Specmcatmﬂ
MV Imvention HchLtL“S to improvements in
elastic-fluid turbines of the impact and the re-
ro action type, and has for i1ts object to perfect a
controller mechanism for the supply of motor
fluid which will enable the turbine to operate
with hlg 1 efficiency under normal load varia-
tions and at the same time avoid the serious
15 loss in economy which attends the operation
of the present turbines under an overload.
The additional motor fluid required to drive
-~ the turbine when 1ts load 1s greater than can
~ be carried by the full nor m.:ﬂ supply of pres-
20 sure has heretofore been introduced into a
~ low-pressure stage in multiple-stage impact-
turbines and at an intermiediate point in the
working passage of reaction-turbines.
practice is attended by two serious objections,
25 first of which is that the introduction of the

highly-heated motor fluid into the turbine at
a polnt where the active Huid therein will have

given out most of its heat and be at a low tem-
perature causes an excessive imtial condensa-

30 tion,the water of which not only representsloss |
of energy, but also constitutes a serious detri- ;

ment in that 1t creates friction and 1s difficult
to dispose of.  The other objection is that by
introducing the overload 511[31)].3»’. at an inter-
35 mediate pointin the working passage of either
type of turbine but a fraction of 1ts energy

of pressure will be converted into velocity,

~for the succeeaing vanes are not designed nor
intencled to abstmct all of the velocity from
- 40 the motor fluid. To obviate these objections
‘in conneection with multiple-stage impact-tur-
bines and reaction-turbines having relatively
short working passages, I provide a plurality
of overload-nozzles I ftdmﬂ through the sup-

45 ply-head and provide vxlv es thu ofor which
- are controlled and operated from the governor
In this manner
all the over-

for the normal-load valves..
when the load becomes excessive

This !

turbines

load-valves are intermittently opened and ad-
mit the additional supply of motor fluid to the 50
frst stage. “ince this supply will be greater

‘than that which can norma Hy flow thl'ouo'l

the second-stage nozzles of an impact-tur bme,_
the first stage will practically constitute a sup-
ply-chamber for the second stage, which thus 55
becomes the first. ‘Fhough this may have a

tendency to decrease the efliciency of the tur-

bine by shortening its working passage, the
loss resulting therefrom will be small com-
pared with the present practice. Inreaction- 60
havine short working passages the
effect of this increased initial supply will be

to move the maximum temperature-line tor-

ward inthe working passage, practically short--
ening 1ts length. 65

My invention further embodies material 1m-

provements in governing the normal fuid-

supply by providing means to vary by hand

the area of the working passage, so that when

kL

operating at constant m}(lerlo.-_u:ls the effective 70
power of the turbine is proportionately re-
duced and 1t operates as at its Tull load, which -
represents highest efficiency. Thus I provide
hand -operated stage-valves in combination -

with governor-controlled supply- -LIV{Jb any 75

numbm of wlu(..,h 11:1&1;’ be lochad n .,1 (,l'oqc{"'l |

IIIII

set closed. -

My invention further relates to impt ove-
mentg in a governing mechanism for the nor- 8o
mal and overload supply-valves and which
controls fluid-pressure means to pulsate the
supply-valves according to the principles set.
forth in my prior patents relating to pulsa- -
tory governor means. 85

The details of construction embod ving my
invention and which are hereinatter more fully
de&:cnbud are illustrated i the .:LCCOmpanV%'

ing drawings, forming a part hu eof, and 1n
Wlll(; 11— 90
Figurel is a %1(]{, elevation of my improved
turbine and covernor operating an electric
dynamo. Fig. 2 is a partial transverse sec-
tional - view illustrating one of the supply--

valves and its operating means disposed In 95 .
the supply-head. |

Fig. 3 1s a partial end view
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65 pressure .to cach of the nozzle-passages 20.

‘the line v v, Fig. 3.

2

ot the supply-head, illustrating arow of valves
and the conduits leading thereto from the
fluid-pressure-controller means. Fig. 4 isa
sectional view along the line « , Fig. 3, and
illustrating the controller-nozzle. Tigs. 5
and 6 are side and end views of the governor-
cam. IKig. 7 is a sectional view through a
oroup of working passages leading across the
stages and shows the overload-valves closed
and a row of normal-load valves across stages
also closed. Kig. 8 is a sectional view along
Fig. 91s a broken-away
view illustrating means for simultaneously
opening all the supply-valves. Fig. 10 is an
enlarged detail view of the indicator on the
operating-stem for a stage-valve.

I have illustrated my invention as applied
to a muitiple-stage 1impact-turbine mounted
upon a bed-plate 1 and acting to drive a dy-
namo 2 by means of a main shaft 3, suitably
supported in bearings 4, which, with the dy-
namo, are also holted to the bed-plate. The
turbine comprises an outer shell 5, which sur-
rounds the inner casing formed by the sup-
ply-head 6 and diaphragm-partitions 7, inter-
posed between said supply-head and the ex-
haust or condenser casing 8. The exhaust-

passage casing 1s securely bolted or otherwise

connected to the shell 5, which is provided
with a channel 9 around its end adjacent to
the supply-head 6. The supply-head and suc-
ceeding d laphragms are provided with inter-
10(:1&1’10 langes 10 and 11, respectively, which
constitute the sicle walls bf'the compartments
within which the wheels 12 rotate. The
wheels are keyed to shaft 3 and are disposed
one 1n each compartment and provided with
a peripheral row of concavo-convex buckets
13, secured to or formed integral with their
rims 14. Segmental rings 15 are disposed
around the inner walls of these several com-
partments and are provided with inwardly-
cdisposed heat-radiating projections 16.

9 in'the shell and is provided with a flange
18, which engages the tcp surface of the
supply -head 6 and serves as an abutment
to hold the turbine-sections together against
dlsplacement by interior pressure. T pro-
vice a nozzle - strip 19, which is securely
bolted to the inner face of the supply-head
6 and is provided with a plurality of nozzle-
passages 20, leacding at an incline therethrough

and dlsposed to deliver motor fluid against the

rotating buckets 13. This ring may be tormed

1n segments and secured to the head by cap-

screws 21, asseen 1n Fig. 2. Motor-fluid pres-
sure 1s acdmitted to an annular chamber 22,
formed between the shell 1 and the turbine-
casing, through a port23. (Shown in dotted
lines, Fig. 1.) TA gate-valve operated by wheel
24 GOI]EI‘OIb this supplv Branch passages 25
leact from chamber 22 through the supply-head
6 and through ports 26 admit the motor-fluid

corr espondmwly beveled.

A

ng 17 engages within the channel -

766,921

A beveiéd puppet-valve 27 engages a seat 28
at the inlet end of each port 26 and acts

under the control of a piston 29 to admit or
cut off motor fluid from a nozzle 20. 1 pro-

vide a plurality of chambers in the supply-

head and seat therein blocks 30, formed with

a chamber 31, serving as a cylinder for the

piston 29, which operates the valve 27 by
means of a hollow stem 32, leading through
a sultably-packed opening in block 30 and
through the passage 25. Screw-plugs 33,
screwed into the open ends of chambers in

75

the head, form the outer ends of the cylinders

31. The pistons 29 are preferably beveled
at each end, and the ends of the cylinders are

sure after acting against the rotating buckets
13 1n the first wheel-compartment will be dis-
charged against the buckets in the second
and succeeding wheel-compartments through

stage-nozzle passages 34, leading transversely

through the diaphragm-partitions 7 and pro-
vided with rotary valves 35. These valves,

seated in chambers formed in said diaphragms,

are disposed at the contracted or inlet portion
of the nozzle proper. KEnlarged openings 36
constitute the supply-openings in the dia-
phragms for the nozzles 34. Plugs 37 (shown
in dotted lines, Kig. 8) close the outer ends of
these valve- chambels which are preferably
bored into the diaphragms from their outer pe-
ripheries,and operating-stems 38 for the stage-

valves lead through these plugs and across the

supply-chamber 92 anc through the shell 1.
The outer ends of the stems 38 are disposed in
the recessed end of a packing-gland 39, seated

- 1in shell 1 and acting to prevent the escape of

motor-fluid pressure from chamber 22 around
stems 38. I secure an indicator 40 to the

squared end of each of these stems and pro--

vide suitable marks representing an open or
closed position for the valve 35, so that by
means of these indicators the pocntmn of the
stage-valve can be immed mtely determined.

Tt will thus be evident that it is my intention
to control the stage-valves 35 manually and
1n¢ ependently of the supply-valves, which, it
will be noted in Fig. 7, are double in number
to.the stage-valves in each diaphragm.

My governor - controlled fluid - pressure
means for actuating the supply-valves 27 con-
stitutes an 1mprovement upon controlling
mechanism which is shown and the operation
of which is fully described in my Letters Pat-
ent No. 753,778 and which, briefly described,
comprises a controller- chamber 41, formed 1n
a plug 42, inserted in the supply-head and dis-
posed beneath the flange 18 of the ring 17.
Fluid - pressure is adnntted to chamber 41
through a passage 43, leading from the cham-
ber 92 thl ough the head and entering a cylin-
der 44, in which a gOoVernor- actua,ted control-
ler- plStOIl 45 moves pressure-tight. A curved

nozzle-passage 46 leads throuﬂ‘h this piston
and discharges the motor-fluid pressure from

8o
Motor-fluid pres-
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~passage 50 at 1ts Inlet end is separated f

the passage 47 by a thin division - wall
formed integral in the plug 52, through which

20

30
35
' 40

45

- 1n the head communicating with the several
- cylinders by branch passages 60 and with a
stage-pressure by a passage 61, formed by a

55

6o

05

so indicated.

_tom will move ¢

766,921

suitable Il().fz:.lb 481 the ring 19.

controller fluid will be duected by the nozzle

46 when in its lower ‘position; into this pas-
sage 47; but when the nozzle is raised by means
of stem 49 this nozzle portion will come op-

posite to one or both of the controller-pas-
sages 50 and 51, which are divided by a thin.
partition 52 from each other and disposed in

vertical alinement with the passage 47. The
rom
53,

these sweral passages lead.”  As seen in Fig.
4, the passages 50 and 51 lead through the
head to a channel 54, formed 1in the outer pe-
riphery of the supply-head and disposed in

alinement with the upper ends of the cylin-
A. curved strip 55 1s inserted in this

ders 31. | this
channel 54 and 1s cut away on either side of

1ts inner end, so as to form two separate pas-
hich constitute contmuatmns‘

sages, Kig. 2, wl
of the controller-passages 50" and 51 and are
Krom . the passage 50 branch
passages 56 lead transversely through the head

and plugs 83" and enter the upper “ends of al-
Corre- |

ternate cylinders 31 of the series.
sponding passages 57 lead from the controller-

passage 51 and enter the upper ends of the cyl-
inders 81, which are not in communication with

thepassages56. Whenthenozzle461sdisposed

opposite to the passage 50 the stream of con-
troller fluid will ‘be discharged therein, and

since no outlet is provided for the fluid admit-

ted thereto this stream will by impact raise the

pressure throughout the passage and in the

alternate cylinders 31, which are in commu-
nication therewith, until the pressure above
‘pistons 29 1s substantially that of the motor- |
hen this 1s thecase, the pis--
ownwardly toward their

" valve-closed ” position, for it is my purpose
to admit a relatively lower pressure from a.
stage to the lower endsof all the cylinders31 by

W

fluid pressure.

means of an annular passage 58, formed by a
grooved strip 59,1nserted in an annular channel

grooved strip 62, disposed in a channel lead-

1ng across the supply-head and diaphragm to

a point opposite the stage or wheel compart-

ment. Here a

15 and enters a stage-compartment. In this
manner the stage-pressure, which 1s relatively

lower than that of the supply-pressure, will-

be maintained below pistons 22 and will ac-

cordingly raise them whenever the high pres-

sure 1s exhausted from the upper ends of cyl-
inders 31. When the controller-nozzle 46 is

opposite to the controller-passage 51, all of .
the supply-valves controlled Lhelebgr will be
moved to their closed position in the manner

_ "Jranch passage 63 passes
through the Hange 11 and through the ring

the cylinder 44 into a normally open exhaust- |
passage 47, leading through the head, and a-
All of the

1 | at T4.

of pressure from chamber 41.

|

just described In connection with the opera-.

tion of the pressure in passage H0.

It will be seen that I have divided the .5111:»—.1'."

ply-valves into two independent groups, the

valves in each of which will be simultaneously
opened or ¢l
ombtuw n
actlon.

51, whie
" normal
comtant‘v open suilicient motor-Huid pres-
sure to drive the turbine with the highest effi-
clency under its full load.

losed, according to the pressure
the passage which controls their
The valves controlled by the passage
W I shall hereinafter refer to as the.

-load ” valves, will admit when held 75

As the load de-

creases | proportion the supply of motor fluid

thereto by pulsating the valves, so that they
vary the total volume of the motor fluid de-
In 1?)1“6“-

livered without effecting its velocity.
vious patents I have shown and deseribed v

rious means for pu]%tmﬂ th* motor fluid so
that by interrupting its flow for periods of
varying duration its volume will be directly

proportioned to the load. My present gov-

erning mechanism comprises a governor 64,
mounted on a counter-shatt 635, driven from
shaft 3 through suitable speed-reducing gears
clisposed within the casing 66, forming a part
of one of the shaft- boau Ings f:L

80

9o

A 5Lcmd ‘er .

101 ms at its lower nd 3| bef:u 111g tor .shait 65

and at its upper end a horizontal bearing for
the stem 49, which ac
nozzle 46.
tension 68 of the plug 42, which is dmposed

1n an elongated opening ()9 in the flange 18
of the locking-ring 17.
gages this extension 68, whic.

packing around the stem to

tuates the controller-
Tlm stem passes through an ex-

A. screw-tap 70 en-

95

1G0O

1 holds snitable
prevent leakage
The stem 41

is bifurcated at its outer end, and a roller 71

is rotatably mounted on. an axis 72 therein.

- '1'05
‘This roller is disposed to engage a controller- -

cam 73, feathered to shaft 65, from which it

‘recelves rotary motion, and suitably connected
to the governor 64, by means of which it is.
YIIO

vertwwll shifted. Thiscam, which is shown

in detail in Fig. 5, 1s eccentrically shouldered

This shoulder commences at a point

near the cylindrical end 75 of the cam and
leads 1n a spiral completely dround the cam.

to form a helical shoulder 76. A similar

sho

| I | 5
1lder 77 encircles the outer end of the cam,

leaving a cylindrical path 78 between the -

straight edge 79 of the shoulder
corresponding shoulder 80 of the shoulder 74.

‘A cylindrical path 81 encircles the other end
_ -al . | erefore have
three circular paths 75, 78, and 81 at different.

of the cam 77. This cam will therefore

7 and a

120

radial distances from the center of the shaft

65. 1t follows, therefore, that the stem 49,

~which by means of this I‘OUBI 71 engages this

cam, can assume three stationary positions.

]: 25

W'hen oper amnu on path 75, the nozzle 46 will |
be opposite passages 50 and 51 and discharg-
ing its pressure direct] Y theremto will main-

tain all of the valves 27 closed. .When op-

I 30
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4

erating on path 78, it will be in the position
shown in Fig. 4, where all of the normal-load

valves controlled by passages 51 will be held -

open and all of the overload-valves held closed

by the controller-stream, which 1s directed
-partly into passages 50 and 47 and by its

ejector action exhauststhe pressure from pas-
sage b1, and when operating on path 81 noz-
1516‘ 46 WIH be directly opposite to ejector-pas-
sage 47 and will exhaust the pressure from

- passages 50 and 51 to maintain all of the nor-

20

25

30

mal and overload valves open.” When con-
trolling the normal-load valves, the governor
will shift the collar 73 so that the roller 71
moves between the cylindrical paths 75 and
78, when 1t will engage the straight edge 80
of the shoulder 74 and ride on said shoulder
for periods of varying duration, according to
1ts position relative to the spiral of shoulder
76. When riding on this shoulder, nozzle 46
will inject pressure into passage 51 to close the
normal-supply valves, and when off the shoul-
der the nozzle will eject pressure. from said
passage and cause sald valves to open. At
full load the nozzle is stationary, since roller
71 will be riding on path 78. If now the load
become excessive, the governor will lower cam
73 until the roller begins to engage the hel-
1cal shoulder 77, when the nozzle 46 will com-
mence tointermittently exhaust pressure from
passage 50 and permit the overload-valves to
pulsate. The load 1f 1t increases will cause

~ the cam 73 to move downwardly until roller

35

4.0

5O

71 ultimately rides on path 81, when all sup-

ply-valves are open. I thusprovide meansto
compensateall intermediate variations of load,
and they will operate successtfully when the
load 1s uncertain and varies largely.

1t must be evident, though, that the highest
efficiency in operation exists when the roller
rides on path 78, since the flow of fluid is then
directly proportioned to the load and uninter-
rupted; and it is my object to provide means
to keep the turbine at its highest efficiency
when running under a constant load less than
1ts full power. This would be the case where
a constant load required but half of the horse-
power capacity of the turbine, and where with-
out my present’ improvements the normal-
load - supply valves would be opened and
closed for equal intervals by the governor.
If the capacity of the turbine be reduced by
half, the governor would then act as at full

" load and the roller 71 would ride on path 78.

55

.60

o

I fractionalize the capacity of the turbine
by providing a device to lock each supply- |

valve In a closed position independently of

the governing means, which device comprises |
- admission of motor fluid to supply - nozzle

a screw-rod 82 leadmo‘ through a central
screw-threaded opening 83 through plug 33
and its extension 84, constituting a packing-

gland similar to 68 and operated by a wheel

85 on its outer end. Itsinner end is enlarged
at 86 and forms a piston, which is dlsposed in
a cylinder 87, formed in piston 28 and stem

| ously opening all the va.

766,921

32 and acts as a dash-pot to redice the sud-
denness of the valve’s movements. This rod
can be screwed down until 1ts end engages
the inner end of cylinder 87, when the valve
will be held firmly closed. This same con-
struction applies to each supply-valve, and
therefore when 1t 1s desired to reduce the ca-

pacity ot the turbine I screw down any desir-

able number of supply-valves and by hand
close the corresponding stage-valvesin theline
of the fluid’s flow across Stfw'e& which reduces

70

75

the total area of working passage and accord-

ingly the capacity. At “the same time it does
not affect the governor’s control of the other

supply-valves, which are slightly pulsated or

held constantly open, according to the accu-

racy with which the capacity ot the turbine
1s proportioned to the load.

By having the stage-valves hand- controlled

1t 1S posqlble to adjust them to produce a great

variety of effects, which will enable me to
acapt the turbine to any use. I may also set
the supply-valves to open any desired distance
by moving the piston 36 inwardly to act as a
stop.

In Fig. 9 I illustrate means Tor simultane-
ves 27 for starting the
turbine and blowing out all water of conden-
sation, which comprise a passage 88, leading
from the upper end of chamber 22 to a cham-
ber in head 1, which opens into a passage 89,

tering “the ’mnular passage 60 for admitting
stage-pressure below valves 27. A valve 90
havmﬁ* a screw-threaded body portion which

‘engages threads cut in the inner wall of its

chamber, normally closes passage 89:; but it
may be opened by turning stem 91, connected
to valve 90, and extending outwardly through
casing 1 and a packing-gland 92. When this
valve is unseated, the motor-fluid-supply pres-
sure rushes through passages 89 60, opening
the supply-valves by admitting a high pres-
sure beneath them, and thus causing at once
a full flow of pressure through the turbine.
A part ot this pressure from passage 89 will
escape Into the first stage through passages 61
and 63. |

Though I have %hown stage-pressure used
to open the supply-valves, I may substitute
therefor pressure from chamber 22, 1n which
case I can readily secure the same differential

in the pressure effects by increasing the size

of stem 32 or otherwise reducing the area of
pistons 29 exposed to the 10we1 pressure to
unbalance them.

By “"normal-load-supply” valves I refer to
any desired number of valves controlling the

passages whose combined cross-sectional area
1S adapted to admit a volume of motor fluid
sufficient to drive the turbine under its ap-

- proximate full-load capacity, and they may

accordingly be referred to as the ‘‘full-load-

supply ” valves and nozzles as contrasted with -

30

1o

95

- leading throucrh the grooved strip 59 and en-

I00
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766,021 - 5

the overload-supply valves and nozzles which | pulsatory supply of motor-fluid pressure to
control the admission of motor fluid when the | the turbine and to vary the duration of the
load has exceeded the approximate full-load | impulses, in combination with means for re-
capacity of ‘the turbine. In this connection | ducing the cross-sectional area of the stream
5 the construction of the several nozzle-passages | of governor-controlled motor fluid to main- 7o
and of the valves may be varied, and they may tain the impulses of fluid-pressure uuhfed ‘ij
be formed as parts of a compound full-load "duve the turbine of maximum duration. '
and a compound overload nozzle, and in the | Inagoverning means for elastic- fluid tur- -
same manner the construction of the valves bmm, governor-controlled means to admit a
10 may be varied and the manner of grouping pulsatow supply of overload motor - ﬂmd 75
-cha,nﬂed without depar ting from my inven- | pressure, in L‘OII]bll’].:lLlOl’l with a constant sup-
tion. | | ply of full- load fluid-pr essureé when the tur-
Having thus described my invention, what | bine is operating under an overload, and
- Iclaimasnew, and dE:bll e to secure by Lettu»} means for reduunu the cross-sectional area of
15 Patent 18— the stream of ovw]uad motor Iiuld to 111.:11]:1"-'80
1. Inaturbine, a plumhw of fluid=actuated | tain the 11’[11)1‘11%% of maximum dur Ettl(}lil .
supply-valves which control the admission of 8. Inagoverning means for turbines, a plu-
motor 'iuld to nozzle-passages, a controller- | rality of fluid- ictmwd supply-valves which
nozzle for said valves, and a governor-shifted | are ccmtrollu.l in two groups, a fluid-control-
20 cam for oscillating said HOK;!IP to pulsate said | ler passage for each group and a governor- 83
~ valves. - controlled means which diverts a fr eelv flow-
2. In a turbine, a plurlliw of full-load-sup- | ing stream of fluid into one of said passages
ply valves, a passage for conducting an actu- | ultellﬂlttuntlv,, and into the other constantly
ating fluid to the valves of said group, in com- | when the turbine is opemtmﬂ undcr a 11‘1(3-,- |
25 bination with a group of overload - supply | tion of its full Toad. | 90

valves, a passage conducting actuating fluic

uid | 9. Inagoveérning means for turbines, a plu-
“to the valves of said oroup, and governor | rality -of ﬂmd-mctmted supply-valves which
means to pulsate the pressure admitted to one are controlled in two groups, a fluid-control-
of said passages while maintaining the other | ler passage for ecach group, a governer-con-
30 exposed to a high or exhaust pressure. trolled means which diverts a fr eely- ﬂowmﬂ 95
3. In a tmbme fluid-pressure means.to si- | stream of fluid into one of said passages in-
multaneously pulsa,te a group of mpplw termittently and by an ejector action exhausts
valves, fluid-pressure means to pulsate an in- | the pressure from the other passage when the
| dependent group of supply-valves which ad- | turbine is operating under a imcbmml ovw o
35 mit pressure when the turbine is subjected to | load. 100
an overload, in combination with governor- 10. Ina turbine, a moup of ﬂmd conu olled
controller means to pulsate one group of | full-load-supply v tlves, a group of fluid-con-
valves until the load exceeds the power de- | trolled overload-supply valves, and a fluid--
veloped by the volume of fluid-pressure which | pressure-gove ruing means comprising a con-
40 they admit, when they are held open and ‘Lhu troller dwmt‘*, a fluid-conduit ]e.-;Lde to the 103
other oroup of V.:leeb pulﬂted several valves of each group, and a controller-
4. Tna turbine having an approximate full- | cam which under a maximurm load moves said
load capacity, nozzle-passages designed to ad- | device to a point where a freely - ﬂomnﬂj'
“mit a volume of motor fluid sufficient to drive | stream under its control will operate by an
45 the turbine at said full load, and a governor- | ejector action to exhaust the pressure from 110
controller means to vary the volume of fluid | said concluits and cause ‘Lhr.:: valves ot both o
admitted by said nozzles, in combination with | groups to open. |
a group of nozzles ck%lgned to admit motor 11. In an elastic-fluid turhm{, one oy 11101*0 '
fluid only when the load exceeds the full-load | nozzle-passages delivering motor fluid against
50 capacity, and means to pulsate the valves of | a rotating element, one or more reciprocating 115
- said latter group to vary the overload-supply quppliﬁ-mzlm% Lhomtm eacli of said levcs :'
of motor fluid in proportion to the overload, | having a chamber Tormecl in a portion mov-
while the full-load valves are maintained open. | able ther ewith, and means to (lash -pot theac-
5. A governing means for elastic-fluid tur- | tion of said valves comprising an ‘adjustable
55 bines comprising a plurality of valves, gov- | rod for each valve adapted to enter the cham= 120
ernor-controlled 1 means to simultaneous] y pul- | ber movable w1t11 said valve and act as the pis-
sate said valves to vary the volume of fluid | ton of a dash- pot t(} lbtcﬂ‘{l mud v alve’ s move-
admitted 1 proportion to the load, and means | ments. -- -
. to cut one or more of said valves Out of serv- | 12. In a turbine, a rotating elem el*lt;'m*:t“iw o
60 jce to increase the duration of the' impulses of duction - nozzle dl%@hdl'f}l]’lﬂ fluid - pressure 125
- fluid - pressure delivered by the active gov- | against said element, a 10011}10@:11)'1210 motor-
ernor-controlled valves during a substumcﬂh ﬂmd mlve therefor, and afluid dash-pot there-
constant underload. - | for comprising a cylinder movable with said
- 6. Inagoverning meansforelastic-fluid tur- xlvej and an .;Lcl]u%mbl(, piston therein.
65 bines, i..,ovunor-—controlled means to admit 2 . In a turbine, a plumhw of lull 10.:1{,1 [30
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supply valves controlling the admission ot mo-
tor fluid to nozzle-passages, governor-con-
trolled means to pulsate sald valves simulta-
neously to vary the total volume of motor
fluid without affecting its velocity.

14. Inamultiple-stage turbine wherein the
motor fiuid is fractionally converted into ve-
locity,valves controlling the supply of motor
fluid, governor- _controlled means to intermit-
tently actuate said valves under fractional

loads to pulsate the supply of motor fluid, and _

rotary manuallv-opel ated valves for control-
ling the flow of fluid between stages.

15. Ina multiple-stage turbine, supplv and
stage nozzle passages for dlSChELI‘iTIHG’ motor
ﬂmd against rotating elements, ﬂmd actu&ted
valves pulsat_lno the flow of Auid through the
supply - passages, and manually - controlled
valves between stages.

16. In a turbine, a plurality of nozzle-pas-
sages admitting a supply of motor fluid cal-
culated to operate the turbine under full load,
in combination with a plurality of overload-
supply passages, valves therefor and a gov-
ernor means to pulsate said valves.

17. In a turbine, a plurality of nozzle-sup-
ply passages Eldmlttlllﬂ’ motor fluid,valves for
said passages which are controlled in two sep-
arate groups, the valves and nozzles of one
group being adapted to admit a sufficient vol-
ume of motor fluid todrive the turbine under
loads not exceeding its full-load capacity, said
other valves and nozzles being adapted to ad-
tasupply of motor fluid to operate the tur-

mi
bine under overloads, and means to control

the groups of valves sep&mte]v

18. Inaturbine, aplurality of full- load—sup—
ply valves controlled simultaneously in a
group, a plurality ot overload-supply valves
smmltaneously controlled in an independent
oroup, and governor-controlled means to pul-
sate the valves of one or the other of said
groups when the load i1s above or below the
turbine’s full-load capacity.

19. Inaturbine,a plurality of supply-valves
which admit a volume of fluid-pressure sufii-

cient to drive the turbine under full or frac-

tional loads, in combination with one or more
nozzle-passages for admitting fluid-pressure

to drive the turbine uncer overloads, and

uid-

means to pulsate the over Load supply of
nozzles.

920. Inaturbine, one or more overload-sup-
ply passages, means to normally close said
passages, and governor-controlled means to
intermittently open said passages to admit a
pulsating supply of overload fluid- pressure
which varies in volume but not in velocity.

21. In a turbine, a group of full-load-sup-

ply passages and valves therefor, an independ-
ent group of overload-supply passages and
valves therefor, in combination with a gov-
erning means which pulsates said group of
full-load-supply valvesunder a fractional load,
65 maintains them open under full and excessive

766,921

loads, and pulsates said group of overload-
valves only when the load is excessive. -
9292. In a governing means for an -elastic-

cessively discharged against rotating ele-
ments, ‘the combmatlon of governor - con-
trolled supply-valves all of Wthh move Si-
multaneously, with one or more independ-
ently-operated valves between rotating ele-
ments.

23. In a multlple—%ta,o*e turbine, supply and

fiuid turbine Wherein the motor fluid is suec-

70

75

stage valves, governor-contr olled means to

'pulbate the motor fluid admitted by the sup-

ply valve or valves, and manua,l means to op-
erate sald stage-valves.
94, In a multlple—stage turbine, a supply-
valve for the admission of motor fluid and
means to pulsate 1t to vary the volume of the
fluid without affecting its velocity, in combi-
nation with a stage-valve which is independ-
ently controlled. |

25. In a multiple-stage turbine, a plura,hty

.of supply-valves for the admission of motor

fluid capable of driving the turbine under an
approximate full load, governor - controlled
means to pulsate them simultaneously, in

30

Qo

combination with a plurality of manually-

operated valves between stages.

26. In a multiple-stage turbine, the combi-
nation of a plurality of full-load-supply valves
for the admission of motor fluid to the first
stage, governor-controlled means to openand
close and to pulsate all said valves simultane-
ously, and independent manually-controlled
valves between stages.

27. Inaturbine wherein the velocity of the
motor fluld is abstracted by succeeding rows
of rotating buckets, the combination of pas-
sages for discharging a full-load supply of
motor fluid against the first row of buckets,
covernor-controlled valves for said passages
which are simultaneously pulsated until the
turbine is under a full load when they are
held open, passages for discharging motor
fluid against succeeding rows of buckets and
independent manually-controlled valves for
sald passages.

28. Inaturbine, a plurahty of passages for
discharging motor fluid against a rotating ele-
ment, Valves tor said passages, motors to 4C-
tuate said valves, and governor -controlled
means to intermittently energize all said mo-

‘tors to pulsate the motor-fluid supply with-

out varying 1ts velocity when the turbine is
operating at less than full load, and which
maintains sald valves open under tull load.
29. Inaturbine, a plurality of full-load-sup-
ply valves, and a governor-actuated device to
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control fluid-pressure to simultaneously pul-

sate all said valves by definitely opening and
closing them for periods.of varying duration
to vary the volume but not the velocity of
the motor fluid.

30. In a turbine, a plurality of nozzle-pas-
sages, fluid-pressure-controlled valves there-
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tuate all said valves ina group simultaneously,

when the turbine is operating under a frac-

tion of its full-load. capacity. -

- 31. In a turbine, a plurality of noaxlu—-paa-—'

sages, a plurality of fluid-pressure-controlled

J:ull load valves therefor, a conduit leading to
~all of said valves, and governor means to 1n-

termittently admit pressure to said conduit

and pulsate said valves simultaneously until

the turbine is under a full load when smd
valves are maintained constantly open.

32. Ina multiple-stage turbine, a plurality
of full-load-supply valves contr olling the ad-
“mission of motor fluid to the first compart-

ment, a plurality of stage-valves controlling
the discharge of motor ﬂmd 1nto a Sucwedmu
stage or wheel compartment and cor I'eqpond-

ing 1n number with said supply-valves, in
combination with one or more overload-valves

controlling the admission of an extra supply
of motor fluid to said first stage.
- 33. Inamultiple-stage turbme nozzle-pas-

ages tor admitting motor Huid to the several
stages, the nozzle-passages for the first stage
being greater 1n number than the passages
which discharge the motor fluid therefrom-

into the succeeding stage, the excess number
of supply-nozzle passages being adapted to

admit an overload-supply of motor duid.

34. In a multiple-stage turbine, a plurality

of working passages for the motor fluid lead-

1IN across the stages and comprising SUppr

35
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or more overload -supply nomle% for the
stage only. |

and stage nozzle passages and interposed rows
oT wt%mﬂ* buckets, in combination with one
1St

35. Ina turbme of the jet type wherein the
motor fluid 1s discharged against rotating ele-
ments in successive compartments, conduits
connecting said compartments, and passages
for admitting motor fluid to the first com-
partment which equal or exceed in cross-sec-
tional area the conduits leading therefrom
to provide for the admission of an overload-
supply of motor fluid to the first stage.

36. In a multiple - stage impact - turbme
means to drive the tur bine under full or frac-
tional loads comprising one or more supply-

valves for each stage which increase in cross- | .

sectional area, in combination with one or

‘to this specilication in the pr esence ot

y

control the admissionof an overload-supplyof

o

motor fluid to a high-pressure, as contr: acdistin-

guished from a low-—pre&%me stage
- 37. In amultiple-stage tlll:b]ﬂt al plm allw
of supplv-—v 1lves for the first &,t‘w oe, a part of

~which constitute normally closed overload-

valves, means to open said overload-valves to
admit an overload-supply of motor fluid to
the first stage whereby the e
passage of thc motor fluid 1s shortened and

the velocity of thu motor-fluid supply to Lhe_

succeeding stages increased.

38. In a 1’111111311)18-&:13 age turbine, a plurality
of valves between stages, a corresponding
number of -supplv-valves for the first stage,
and an independent group of overload-supply
valves interposed among said supply-valves.

39. In a turbine operating by stage expan-
sion, supply and stage valves, ‘a governing
means for the Egupply-v alves, in combination

55

60

Tective working
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with meansto set both supply and stage valves

so that the capacity of the turbine m ay be
varied without interfering with the : fmtlon OL
the-governing means.

4:() -In an Phl,stm fluid turbine, 4 plarality

of governor - controlled supply-valves, gov-
ernor-controlled means to open and close said
valves, 1n combination with manually - con-
“trolled means to lock any or all of said gov-

ernor- contx olled valves 1in L]l{_,n closed posr-
tlon |

41, Inan ela%uc ﬁmd tur b11le the combina-~
tion of a plurality of supply-v: lee%, governor-

controlled means to operate said valves, a
chamber carried by each of said valves, and

a plurality of serew-rods adjustably mounted

1n a stationary element of the turbine and
adapted to enter said chambers and engage.
said valves to hold them closed and to dash-
opening and
closing sub]t‘-ct to the contml of a governor -

pot their action when they are

eans.
Intestimony whereof I hwe signed

bCl‘lblI’lﬂ w1tn C8SeS.

JAMES VVILI&I\ISON
Witnesses: -
H. M. jli-IORTON,
R. D. JQHNSTON.
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