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trlc generators or other power—tr‘msformmfr

‘machines by turbines: operated.by steam, gas,

- or similar motive power; and its ob]ect is t0
provide ‘an: improved construction and ar-

%0

rangement whereby a single turbine unit of |
ver %] reat power and speed may be employed
and the total power developed thereby util-
-“~1zed most effictently, as for the generatmn of
electric currents:: a -
The pr oduction of very heav} electrm cur- |
turbine-driven generators.has here-
een attended. with great. difficulties,
‘because of the very high speed at which a

Tents b
tofore

turbine necessarily runs.. While it is possi-

. ble toconstruet sw*hturbmvs so as todevelop

25

anormous mechanical power, it is 1mpractlcal
10 coustruct .a generator of - corresponding

ower which is capable of being direct driven
.Ey the turbine at the high speed which the-
turbine-shaft attainssu (,]1 a speed being pro-

hibltlve for large ¢ ﬂ'eneratms

Tn accordance with our invention the tur-
'blne-encrmu for developing the required total
power 1s subdivided 'iInto high-pressure and

OW—-presquru sections or 1ndividual turbines,

35 |
-7 responding number of power - transformmg *
‘machines, such as electric generators, are di-
rect driven one by each of the several tur-
~ bine - seetions,

'-.'_';~4¢_15-':.;th1'0ugh said individual turbines or sections

each section driving 1ts own shaft, and a:cor-

The motive fluid is passed

- . inserles to operate them together as a unit of

50-

‘motive power——that 1s. to say, the motive
'.'ﬂLIld introduced into the first turbine of the
series 1s pernutted to expand and develop
;- mechanical power to a certain extent in said
‘first turbine, after which ‘the partially - ex-
panded steam discharged from the first tur-
| Eme is conveyed to thenext turbine of the se- |
ries, and so on until the total energy of the
steam is thus fractionally &bstract(‘d The
" driven machines are connected in ‘parallel | i
wth respect to Lh(" de]wer} of thmr output. |

N

sure section of the turbine.

S0 as to react mutually and dlstnbute the, N

Jjoint load between them in proportion to the

1 power developed b thelr res ectwe drwm -
of the Republic of France, residing at Paris, : Pem Ry P 5

-France, have jointly mvented certain new and
-useful Improvements in Turbine-Driven Ma-
- chinery; of which the, following is a spemﬁca—.
- tlon. 2 =
This invention rela tes to the driving of elec—

turbines.

1venn machines (as

55

_ A further feature of the mventmn consists
in the provision of a single regulator mech-

anism, which acts in res dponse to changes in
the total load on the dr

manifested by changes in speed. of both ma-

6c

chines) to control the admission: of steam or :

Our 111vent1011 further contemplates tem-
porarily increasing the power delivered by

‘the series of driven machines by supplying
additional live steam or motive fluid toa con-

venlent intermediate point in the low-pres-

This enables the

driven machines to work on overload at cer-

taln tll]lQS when the demand is frreatest or to

~0ther motwe ﬁuld to the ﬁrst turbme of thei |
.serles. , -

maintain the normal power of the combined

‘turbines 1n case the condenser becomes inop-

erative Lmd a discharge of the exhaust into
the open air becomes necessary.

With the general arrangement of turbmes
driven machines, and reﬂ'ula,tmcr mechamsm

75

above debcnbed the 111d1v1dua,1 driven ma-

‘chines may be of simple and strong construc-

tion and small 1 size, so as to be capable of
operation at high speed while efficiency 1s
maintained by “the practlcal absorption of

the total power of the turbine, this being

made possible by the.division of said turbine

‘into high-pressure and low-pressure sections,
each of which furnishes its proportmna,te

part of the total required power. .

A further advantage of subdividing the
turbme into two.or more units lies in the fact
that it is sometimes advantageous to run the

‘high-pressure turbine :at a greater.rotative -
This is.
in conséquence of the fact that the low—pres—-
sure section has a greater diameter than the
-- lruﬂ‘h-pressure sectmn and therefore cannotbe
‘rotated at so high a speed because of excess-
By subdividing the -
turbine and letting each turbine drive a gen-
erator, the ﬂenerators being connected in par-

speed than the low-pressure seetion.

1ve mechamcdl strams

allel, this may be readily accomphshed pro-
Vlded the generators are designed to operate
in parallel at -different rotative speeds.

We will descrlbe our mventlon m detall by *
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reference to
-which— .

Figure 1 is a diagrammatic representation

~of a turbine-driven electric generator set, con-
structed, and arranged according to our plan,

the generators being shown' as alternhting-

- current machines. Fig. 2 is a diagram show-
Ing the parts more in detail and indicating
the driven machines as direct-current gener-

ators. . - S |

The same figures of reference designate the

same parts in both views. o
_As shown in the drawings, the turbine is

divided into a high-pressure section 1 and a

low-pressure section 2, each of which drives

- 1ts own independent shaft. A dynamo-elec-

- tric generator 3 is direct-connected to"the
‘shaft of the high-pressure turbine 1, and a

- similar electric generator 4 is direct-connect-
ed to the shaft of the low-pressure turbine 2.

- In Fig. 1 the dynames 3 and 4 are indicatid

as alternating-current machines, while in Fig. | the speed being maintained s
2 sa1d dynamos 3 and 4 are indicated as di- | constant. -

- rect - current machines. In both cases the
terminals of said machines are connected in

- multiple with the mains 20 and 21 of the cir--

cuit to be supplied. Such connection acts

to distribute the total electric load between
the dynamos 3 and 4 in proportion to the

o'relative power developed by their respective
~driven turbines. The turbines are

ably constructed in accordance with our

Patent No. 748,216, granted December 29, |

11903, the present application being in sub-

‘stance based upon the application, Serial No.
- 70,438, filed August 1, 1901, upon which said

~ patent was granted. It is not essential to
the present..

‘cept that it should be divided into high-pres-
‘sure and low-pressure sections, each section
driving its own independent -shaft. The
stedam arriving from the boilers by the pipe 5
‘passes 1nto the first distributers of the high-

pressure turbine through the pipe 8, an ob-

turator 6 bemg provided to control the quan-
tity of steam so admitted. A certain pro-

the accompanying drawings, m | norms .exhau
T -~ . | pressure turbine passes

| 1sm 7 of the usual type. fo

pipe-13, conveying live steam from the

refer-

_ invention, however, that any
particular t%e of turbine be employed, ex- |

812,878

normally the -exhaust-steam from the- high
| through the.pipe 11
mtod the low-pressure turbine, when it com-
pletes its WOI’E—. T
The compound turbine above described is 70
controlled during its normal operation by a
single regulating mechanism, which may be
assoclated with the high-pressure section 1.

This mechanism comprises the obturator 6

and the speed-controlled refgulating mechan- 75
| r operating the

same.  This regulator mechanism is-sensi-

tive to slight changes of speed above or bes

low the ncrmal rate. Upon undue increase

in speed it acts through the connecting-lever 8o

mechanism to close the obturator 6, while -

if the speed falls below the predetermined
| rate said regulator acts to open the obturator

and admit more steam. Variations of speed
beyond the narrow limits determined by the 8s
governing mechanism are thus prevented,
bstantially

We preferably provide means for tempo- -

' rarily augmenting the power of the turbine go

when required to meet an extraordinsrily

heavy overload, such means c.on‘sistin%of )
oller

to act-on g section of the turbine which is in-

tended for normal operation only at low g5

‘pressure. As shown 1n the drawings, such -

additional live steam may be introduced into

an Intermediate cell of the turbine 2, so as to
act on the vane-wheels thereof toward the
end of the series. “The supply of such addi- 100
tional live steam may be controlled by ‘&
special obturator 15, which is governed by

‘the regulating mechanism 16, the latter be-

Ing shown as arranged to respond to changes
in speed of the low-pressure turbine. TTus 105 -

‘special regulating mechanism is adjusted to-

act only m response to a fall of speed greatly
below normal, as in case of an abnormally

‘heavy overload, under which conditions the
admission of additional live steam to the low- 110

pressure turbine will greatly increase its pro-.
portion of the total power delivered. '

The operation of this a‘dppar.ai;us is as fol-
11

portion of thé\ijenergﬁ of the steam is expend- _ _
t lows: Under normal conditions the motive

- ed In driving the high-pressure turbine 1, and

5o from the exhgust-pipe 9 of said high-pressure | fluid is supplied to the high-pressure turbine 115
turbine the ‘steam is conveyed by way of | 1, the extent of this supply geing controlled
pipe 11 to the low-pressure turbine 2. “The { by the obturator, which admits sufficient
steam, after finishing its work in the low- | steam to maintain the speed of this turbine
Eressure turbine 2, leaves through the ex- | at approximately its normal value. The

55 steam then passes through the turbine, de- 120

aust-pipe 12 and may thence pass to a con-
denser 23. We have -i'ndica_tedp in.the draw-
ngs an outlet 24 into the open air for the
steam from the exhaust 12 in case it is de-
-sired for any reason to cut out the condenser.

6c We have also-indicated in the drawings an |
outlet 28 for the steam from the exhaust-
pipe 9 in case it is desired fo cut, off the low-

- pressure turbine altogether.by closing the

- valve 10. It will be understood, however,

- 65 that this is-only for an emergency __and that

veloping a portion of the total work required,
which energy is delivered in the form of elec-
tric-power %)'_; the direct-connected dynamo.
The steam on exhausting from turbine 1
Ppasses nto the low-pressure turbine 2, where: 125
1t completes its expansion,. produeing the -
rest of the available work-contained in the
-steam, which work is converted into. plectric
power by the: direct-connected generator.and

ﬁ h 110

+ delivered to the system. On passing

.-I—
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E;;pe 12 to the air-orto vhe condenser, as may

be required. The rotative speed of both

units are maintained at approximately the

same value or at any predetermined approxi-

"
3

sign

for this fixity of relative speeds is obvious m.

the case of an-alternator, since the machines

operating in parallel are compelled 'to oper-

ate at synchronous speeds by virtue of the
Ing ¢ Ieh-is’ exchanged
between the two machines upon even -a very

synchronizing current, whith: is

slight departure from synchronous speed. In
the case of direct-¢current generators connect-
ed In

ever, for a somewhat different reason. In
this case if either machine attamns a speed

above that for which”it generates normal
voltage its voltage will be increased accord-

ingly, and will therefore exceed the voltage of
the other machine whose speed -has not'be’en'l

increased. In consequence a cuirent will

flow in series through the machines, said cur-

rent acting to drive the: slower-speed ma-

chine as a motor and being generated by ab-

sorbing power from the higher-speed.genera-~ |

tor. On account of this action 1t 18 1mpos-
sible for either generator to depart mate-
rially from the normal speed unless the other
generator does so also.

speed regulator or governor the sp
generators is controlled. As a result of this

mutual relation of generators connected n |

parallel the two turbines perform their func-
tions in much the same manner that they

would operate were both connected to the

same shaft and controlled by a single gov-
ernor, as is the usual practice. Variations
in the. total load on the turbines will frst

 cause an inverse variation in the rotative
~speeds of both sets, which speed variation

45

-

50

55

65 pressure unit by virtue of the electric genera- i

actuates the governor on the first turbine of
the series and changes the supply of steam 1n
accordance with
all conditions, however, the power delivered
by each generator is determined by the power
cenerated by the steam'in the corresponding

turbine, except in cases where the speeds of
elements are being accelerated
In this case some of the energy:

the rotating
or retarded.
is supplied or absorbed
the rotating element.

with this arrangement
means of governing the
bines is obtained when the first turbine in se-

by the acceleration of

the most suitable

ries is equipped ‘with a governor which ad-.

mits suflicient steam to the first turbine to
maintain its speed at, approximately the nor-
mal value for which the governor mechanism
has been designed. The speed of the second
or low-pressure unit is compelled to be ap-
proximately the same as that of the high-

arallel. the same result follows, how-

_ “Consequently if the
speed of either generator is controlled by a
eed of both

the change 1 load. - Under

We have found that’

speed. of both tur-

tne second turbine thé:steam escapes through | tors of

mately fixed ratio, dependent upon the de- |
of the electric generators:: .The reason
the same ocon

‘coupling. in the cdse of an alternator bemng "
' elastic; but allowing ro actual difference m ‘-

from pipe 13 to the turbine 2.

-ward the en

variatlons in

overload upon the dynamos 3 and 4

3

f e two units being carmected in par-
allel. . 1t .is obvious that since the speed of

the two turbines must be. practically.the

same one governor -suilices to control' the
speed of both, although it actually controls 4o
only the speed of the first turbine. - s o tur-’
bines Oper&ting in this manner are in nearly:
_ . ition as:they would be were
the .two. turbines mechanically ‘coupled’ to- .

gother by . slighily clastic coupling, said 1

the number of revolutions per minute of th
two sets, while in the case of direct-current
generators said coupling would be elastic and ‘8o
would permit a small difference in the rota- =

‘tive speed of the two units. - It is thus obvi- -

L L .

ous that two units are arranged in this man-

by the speed of the first turbine in the serles,
msures that the steam-pressure. distribution:
in the various sections of both turbines ap= - "

roximates very closely to the steam distrl=

bution which would be obtained were both
turbines mechanically connected to the saine

0 D
shaft. Tf each turbine were individualty g
controlled by its own governor, said gov
ernor - acting to throttle: the ‘admission 6f"
cteam into.said' turbine; the ‘distibution of:

steam-pressures between the twor turbines g5

will not: be that. W‘hi@h | W’Ould be: thamed g
with the two turbines connected to the same:- - .
shaft, unless some complicated mearns were"

‘provided for distributing the electric load be~

tween the generators in such a way as tocom- 100

pel this steam’ distribution.. Durin ¢ normal =
operation the single regulating mechanism - o

‘applied to the obturator 6 of the nirst turbine

will suffice to keep the speed of the systemy -

approximately constant; but in case of an' 105
overload upon the mains 2021 50 heavy that =
the full force of the steam admittec b the:

wide-open obturator 6 to the  series ofi tur-

r * :

bines is insufficient to furnish the required

extra power the speed of ‘the: whole system 110
will fall considerably - below ‘normal. The:
regulator 16, controlling the obturator 15, is+ ¢
adjusted to respond to: such abnormal fall of
speed and will under stich: conditions act to-
open said obturator 15 and admit live steam. 113
-There is:thus: -

‘added to the nearly-spent steam acting to- .

d of the series of vane-wheels'suf-. :
fcient live steam to considerably increase .
the power developed by the turbine 2. and 120
thus to meet the additional dem and upon

the generators.. During the continuation of . s
the overload the regulator 16 serves; through -
speed of the generator, to regu-
the obturator 15, the admission 25
' as-the .~
isIn-G o v

late, through

-

of live steam to the turbine according

cregsed or diminished. . ° .

" In the diagram Fig. 2 we have indicated

the apparatus in the normal running condi- 13°
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1 §o)

~ turbines ‘and . means for
. fluid through said turbines n’'series.to opers
" ate the same asa unit of
20
- 1ng machines each driven

by said tur

‘tion, with the_vah{eﬁ- open to admit steam to
the first turbine of ‘the series and the obtu-

rator 15 closed as it would be during the nor-

mal operation.
. Weclaim—

assage of steam, of g corresponding
numbper of power-absorbing machines driven
Ines, a cohnection between' said
driven machines to mainta-im'-a;p£ggg%1ha_telgr

a fixed relative speed thereof, and s governor- |
‘mechanism responsive to changes in speed of

the system controlling the admission of steam

-to the first turbine of the serjes.~

2. The combination with aplurahtv of

motive power, of a
corresponding number of power-transkorm-
' by oné of sard tur-
bines, said machines being connected in par-

‘allel with respect to the delivery af their out-
~put, and a
25

nd a single governor mechanism re-
sponsive to changes in the speed of the Sys-
tem controlling the admission. of motive

fluid to the'first turbine/6f the series.

30

3. The combination with two or more tur-
bines-and means-for conveying motive fluid

through 5aid, turbines in sequence to operate -

responding humber o power-absorbing ma-
chines driven each by & corresponding one of

the same as'a unit, of. motive power, of a cor-

_said turbines, a régulator mechanism respon-

35 sive. i
- turbines and

sive to slight changes in speed of one of said
arranged to control the admis-

- s1on of motive fluid to said series of turbines,

40

gl

.and low - pressuré- turbines, an mean
‘passing raotive fluid through said turbines in-
series to operate the same as a unit of motive

and means for causing said driven ‘machines
Lo react mutually to (ﬁstﬁibute..the‘ total load
1n proportion to the power developed.by the
respective turbines.. . = = o
- 4, TEe..\}O{nbination with high - pressure

- power,; of dynamo-elecgricigenerators driven

- each
and a main eireqit ‘to

| .50.

55

»
-

by & correspo

are connected inl parall

whereby the load
upon =aid | (ﬁs

ircuit at any instant is distributed

.between said generators in proportion to the

power developed by their respective driving-
turbines. . = - o § '
0. The combination with hi
and low - pressure turbines, an ns fc
passing motive fluid through said turbines in
series,. of electric generators driven each by
a corresponding turbine, a main circuit fed
with current from said generators, and con-

h - pressure

60 nections between said generators adapted to

distribute the total load of said main circuit

between said generators proportionately to

- driving-turbines. |

1 tors connected irr parallel to
1 of high-pressure

- through said turbines

the series,

conveyingmotive

-mission- of such

means for.

ing one of said turbines, |
‘W?ich sald generators-
, for supplying additional
mediate point in the turbine series, and a

means for |

812,878 .

the power déveloped by their corresponding

6. The combination with electric genera-
& main- circuit,
and low-pressure turbines
each driving a corresponding generator,
means’ for causing motive fluid to pass
In-series to operate the
same- as a unit, an obturator

supply of motive fluid to the first turbine of

and a governor for operating saia
obturator, responsive to changes in the total
load on said main circutt.

<. The combination with g plurality- of

& corresponding numb
machines driven by-said turbines, a connec-
tion between said” driven machines, means
for admitting additional motjve fluid to ar

‘Intermediate point'in the turbine system, and

& governor mechanisii
normal fall of speed, _
admission of such additional motive Huid.

responsive to an ab-

controlling the

In series with respect to
the passage of motive fluid therethrough, of
er of power-absorbing

arranged to control the -

035

790

715

8. The combination with. a plurality of

turbines connected in series, of g correspond-

‘Ing number of (})ower-tra-nsforming machines
- driven: by sai

tween said driven machines whereby they are

turbines, a connection be-

caused to maintain approximately a fixed

| relative speed, a .governor mechanism re-

sponsive to changes of speed of the system
arranged to control the admission of motive

fluid. to the first turbine of the series, means
for admitting additional motive fluid to an

Intermediate point in the turbine system,

00

95

and a second governor mechanism respon-

sive to an abnormal fall of speed consequent
arranged to control the ad-

upon overload, _
additional motive fluid. |

9. The combination with a plurality of
turbines and means for passing steam through
sald turbines in series, of electric generators
driven one by each turbine, said generators

‘being connected in parallel; a governor mech-
‘anism responsive to changes

in speed of one
the passage of
the series, means
stean at an inter-

of said turbines, controlling
steam to the first turbine of

second governor mechanism responsive to an
abnormal fall of speed consequent upon over-
load, arranged tocontrol such additional
steam-supply. -

. In testimony whereo® we have hereunto
set our signatures in the presence of two sub-
scribing witnesses. . i

| AUGUSTE CAMILLE EDMOND RATEAU.
... GASTON SAUTTER.
- Witnesses:
C. De MEestroL, .
Aveustus E. INGRAM.
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