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20 means to cut off the steam from any one of-

2

30 and 4 are partial vertical sections through

85 pact type on'asingle shaft. . Fig.6isa plan of |

1llustrates

40 regulable ‘reversing turbine of the impact
.type.. Fig. 81s a view similar to Fig. 7, show- |

45 and- 11" show i plan the distribution of the
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To all whom it>may concern: B
. Be it known that I, Ricmarp Scaurz, a
subject of the German Emperor, residing
1 Berlin, ‘Germany, have invented certain.
tew and useful Improvements in Compound.
Steam-Turbines; and I do ‘hereby declare
the following to be a full, clear, and exact
deseription of the invention, such as will en-,
able others skilled in the art to which it ap-
ertains to make aid use the same, reference.
being -had to the accompanying drawings,
‘and to letters or figures of reference marked.
thereoh, which form a part of this specifica-
This mvention relates to steam turbines,

- and more particularly to compound turbines |

provided with means to reverse the direction
of rotation ‘of the réspective turbine shafts
-comprising 1mpact reversing turbines with

the steam supply nozzles in said 1Impact tur-

bines, together with their arrangement with

the forward driving turbines, as will herein-

after more fully appear.
Referrin

which like

g:tothe drawings n

parts are similarly designated—Figure 1 illus- |

trates In ‘plan ‘an’ arrangement of turbines:
on a smgle shatt and a regulable reversing im-
pact turbine, also on said shaft. Figs. 2, 3"

reversing turbines; Fig. 5 illustrates an ar-
-rangement, in plan, of & compound turbine
comprising ‘an impact and a reaction turbine
~with aTegulable reversing turbine of the im-

‘the.direct and reversing turbine on a single
shaft, both being-impact turbines. Fig. 7
es compound turbines arranged on a
pair of shafts, -each shaft provided with a

-ing:a, closer arrangement of shafts but where
the reversing turbine on one of the shafts is
contamed in a separate casing. Figs.'9, 10

. #.FR"

- turbines ‘on thrée shafis,—each shaft. being

- 1.

‘provided with g reversing turbine.
It has been the Eractlce to combine with
~the ‘compound’ turbines for direct driving,

‘the gréatest posSible diameter as reversing
turbines.on the.same shaft in order to obtain
" the 1%“*«1?%@%’?‘2?‘@%515@ reverse drivage with the
- least. ppssib ¢ steam consumption. |
: PPgSIDIe Steam. con:

s hebstofore, the steam be applied all
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I around the reversing tu; rhie
1mpact around the full ciretmnferenuvévtlibroot; 7

sistance o

‘be maneuvered with diffiéul
‘conditions are such that it*boths ¢ Rehet
reverse driving the boiler*pressutd “witst:be” ¢

50 one or 'a very few turbine blade crowns of‘f_‘ f"-fjhe‘ steam may be usedté“the fullegt enty
| in the reversing turbines: arid“When ‘th# jre&st s
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I versing turbines are’ distributed” 61 Sé¥eral i @5

‘shafts they are preferably’ conipouird
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this steam will expand with greatiselodityesis

‘and will pass through theivevérsing turhine!
-at a great

speed by reason:ofithe smallive:sigs
offered thereto ‘int:consequenesrofarol
the small number of turhine swheelibladebs

P

crowns in its path across the'wheslitsdrthiat: e

stealn pressure in the bé‘ﬂermpld*!,lyﬁ stk

~on account of the. great stéamfcﬁhmmpch,ﬁiﬁs ,-
~more steam being consuniedsthah aindepmior? s

Wy

Wy o

mal forward driving. This'ds egpeslially: mol v
ticeable in-slow reverse diiving:» Hidginowus

| be desired, as is often thé ‘edse in vosselg;tond

suddenly change the direttisntof: wioeméhti oo
and drive forward aga‘,in;F’i}bﬂ”é?ﬁléﬁé%ﬁ%,ﬁﬁbQjﬂ“‘eﬂ?
pressure will not be' presérit, and«ftiwillressii i
quire a considerable tinte?with stfong:fring:!

to procuee normal conditions Hordirgetui
driving, From these circumstances -if: is*#5

1 | | 11 . S T e R, & Yoo gl y
evident that turbine drivefi“wir vesSelsidanl
alty, i whieh thisioi s
thi~boths dirget ynd o’

maintained up to requirerdients:: ¢ xlzsnn «gg

C : . , . : E _,1;_.}.1_ 3 Lo 3 Y C:E AT
- Inorder to overcome the'difficultiés drisi &
from reverse driving, and™to’$atistv ithe Fetlev

| quirements of steam consifmption::tlie! Preg-Hi

. : - r . . >, Lt % Tk g eyt r‘--:‘.‘s-‘-:'ar'ﬂ*.*'r'-;_g.g
ent invention has for 1ts’ object 0 Coris truc;bﬂfa
the reversing. turbine of‘ithe ihj’ﬁé%f%ﬁ‘?e? 8%
such as shown in Figs. 2,8%and 4, préferably s

A

of a diameter as large as péssible; aHdisupply o o
steam only to a portion of the ¢ieuinférénde; L
or at symmetrical points #found thHetcitdumsie!?
terence of the wheel and provide means for g9
controlling the passage of’stedim’ {6 theinsz:
zles, so that the steam cohSuniption oy tesis 52

verse driving will be more“nédrly Seqiial: fioxs:

that for direct driving, and the stéany "Prég-2uke
. . - e - _ P N R R TR TR T 5 --,' 4 Wyt
sure for maneuvering at différéntispedds tanitgs

be maintained the same forbgth forwird ands
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reverse driving, at the safii¢ timeé'maintaiti.’ o
a more complete contTol vf the tirbings e
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~In the reversing turbineés the™stearidig 3
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preferably  expanded . in"“Stages;’ and-85ibtt 100
stages when desired, in sii¢h a: Thanagr thag o4

~F | I s ' . JRGERELY. 5.} ; R ‘J i ﬁ.r". AL {58 Moo ."? 7 4 F.i | .

| the -extent of circumfererice of HY Arhigeltnd 4o
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u_ﬁder'stoodfi that R im + ac_t - 't}’Pe
Tigs. 2, 3 and 4, whether it be by stages, or
by stages and sub-stages. - -~ -

‘bine wheels are indicated by 2, and it is to be

understood ‘that the proper.direction and

‘position is given to the blades on the turbine
" wheel, whether the turbine be for direct or |
reverse driving, to produce the desired direc-

10 T¢ !
" tion of rotation.

" In Fig. 1 the turbine for forward driving
¢comprises a high-pressure turbine H and a.

" low pressure turbine N connected in tandem
15 &l 114 | . |
‘admitted by means of the three-way valve &

through pipe V to the inlet chamber at: a
. and expands through the réaction turbines

20

to the condenser for direct or forward driv-
" ing. Steam can-also be admitted through

the three-way valve x from which 1t enters at
¢ to the inlet chamber of the reversing tur-
. bine TV and exhausts through d, communica-
95 tion with pipe V being meanwhile cut off.
‘The reversing turbine in this and the other

~ the Figs. 2; 3 or 4.

In Fig. 2 the reversing rtm:bline‘ T’ is of the
impact type where the steam expands within

¥

- figures may be of a structure shown in any of

30

 a wheel having blades z at each stage, but

‘the nozzles do not act on the. entire. circum- |

. ference of the wheel, and means, such as
valves b are provided to entirely cut off any
- one of the nozzles, so that there will be a
lJesser area of impact, that is a lesser amount
- of circumference of the wheel acted upon, at

~ the same time these valves may partially cut
40 off the steam. Any convenient form of

" valve may be used, and either a sliding or &
flap valve be substituted for those shown.
1In Fig. 3 the steam is expanded.in stages
in the nozzles ¢ and ¢/, but also expands:In
45~ sub-stages, there being two sets of blades on
~ the wheel between the nozzles ¢ and ¢’ where
" the steam expands and acts partly by reac-
~tion while expanding on its. way from the

and mounted on a single shaft, A. Steams |

at H and N to the exhaust pipe d connected

‘the nozzles ¢, ¢/, ¢ &c. in stages acting upon

nozzle of one stage to that of another, so that

50

~ In Fig. -

in this case the turbine acts partly by impact

and partly: by reaction, valves b being used | driving and T, and T, for reéverse.driving.

to close or -‘iarﬁ_ly; close any of the nozzles c.
4

have shown two sets of nozzles,

and between them three sets of blades on the

55 turbine wheel, the steam after leaving nozzle
- ¢ acting as it passes from ¢ to ¢’ through three

sub-stages, on the blades z. The nozzles ¢

" are controlled by independent valves b as in
Figs. 2 and 3, but the nozzles ¢’ are controlled

60 by a ring valve s, being moved in front of the
" nozzles ¢’ by means 0% aworms. .
Tt will, of course, be understood that the
. number of stages of pressure as well as the

~ sub-stages may be increased or-diminished | and Tt to reverse the direction of either of

| the shafts B.or.C, while two adjacent shafts

65 as the requirements of the particular tur-

| the condenser, not shown. _
sure reversing turbine T’ on shaft A receives
.95

l

el gy

891,203

¢ _ 7 includes | bine may aemand, it being understood that
- such structures in which steam expands as in

in the reversing turbine the steam must not
| be supplied by nozzles around the whole pe-

stages of pressure, and it is evident that the

casin
. In _
direct driving as consisting in the first stages

of pressure of an impact turbine 20 and 1

‘the last stage of expansion as a.reaction tur-
‘impact turbine, both -of t

mounted on a shaft common to both of them.

‘turbines T and T” instead of - being contained
in one common casing may each haveits own.

gﬁ‘ig; 5'I- iié've 'Sdeﬁ the furbine T far-

777 | riphery of the wheel, especially in the first
figures. the blades of the tur- '

70

75 .

‘bine 21, and the reversing turbine T as an .
e turbines T and .
T’ having a common exhaust pipe d and

80

" In Fig. 6, which is similar to Fig. 5, both of

| the turbines T and T” mounted on shait A

“gre of the impact type, as indicated in ¥igs.
-2, 3-and 4. - e

|~ Figs.7 and 8 show .the turb’ihesdjstri'bﬁted -

I
i upon two shafts. The high-pressure direct

driving turbine T is on the shaft A, and the
{ low pressure turbine T,-on the shaft B, steam

‘being admitted at @, passing through tur-
bine T and connection m over
sure turbine T, and exha_ustin%

‘steam through e and discharges through 7

| into the low pressure reversing turbine T'; on

shaft B and exhausts throughd.
Figs. 7 and 8-are similar, the only differ-

T and reversing turbine T are in separate

‘casings to permit the shafts A -and B to be.
‘mounted closer together, and in both of the

figures both the high and the low pressure
‘the valves b. In Fig. 7 the steam passes

posite directions, while in Fig. 8 1t v asses

‘the same direction. o
. In the form shown in Fig. 9, where the tur-

| ing respectively, and on shafts B and C are
the low pressure turbines T, and.T, for direct

Boiler -steam is supplied at ¢ to turbine T,
from which part of the steam passes through
‘m and part through m’ to turbines T, :cmcl%‘2
exhausting at d and-d’, thereby simultane-
ously driving all three shafts forward.”

into “the reversing turbines T, and T'; for
shafts B and C respectively, and exhausting
at d and d’.- ' and +? are live steam inlets,
whereby steam is admitted to .turbines T

reversing turbines have nozzles controlled by

through the two direct driving turbi.-s m

‘bines are arranged upon three sha‘ts, the
- middle shaft A is driven by the high pressure
turbines T and T’ for direct and reverse driv-

85 .

_ 90
to the low pres--
through d to:
he high pres-

| ence being'that in Fig. 8 the direct turbine

100

109

through the direct driving turbines in op-

110

115

120

- ‘For reversing, the direction of rotation of
the shafts, steam is admitted at e, passes..
‘through the turbine T’ and through »n and n”

25
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shown in Fig. 9 is preferable. -

- In Fig. 101s shown an arra;:;i'g_éi‘xient Shghﬂ}’

_ different from that of Fig. 9, the high pres-

sure turbine being on shaft ¢, steam being

" admitted at a passes through the three tur-

_bines T, T,, T, in succession, and for the re- |
. versing turbines the steam is admitted at e
‘and passes through turbines T, T and T?, in "

succession, d being the exhaust for all of the
turbines. ~ -+ .

F

For ecqnomiz_ing’spé;cé the 'tﬁx;bines on ﬂ{e‘b"
three shafts.A, B, C, may be arranged as

- shownin Fig. 11, the direct and the reversing

25

30

 The arrangements shown in Fi.g_s.'ﬁ', 7 a,ﬁd,
10 are especially advantageous for locomo--
tives. . .o T A

- I eclaim— .

respect to Hig. 8.

will be obvious from what has been said with

1. The combination with a plurality of -

driving shafts, a turbine to drive each, one of

35

the turbines exhaustihg into another: of a

‘reversing turbine on each shaft, said revers-

'Ing turbines compounded, and means to con-

-type on each shaft, said reversing turbines |-

45" connected together in compound, and means |

trol the area of the turbine wheel to which
steam 1s supplied. T
40 - 2 |
-driving shafts, a

2. The combination with a plurality of

. i » . g .
sald -turbines connected - together in - com-
pound; of a reversing turbine of the impact

other two, which

‘urbine to drive each shaft,

]

‘are being driven forward, suitable valves be- |
1ng seated in the connection n, n’, m and m’
to cause the proper direction of the steam by
~opening and closing the proper valves. The
one side shaft is then driven in a reverse di-
- rection independéntly of the
~may be driven forward. . Lo e
. The reversing turbine on the middle shaft
- . A, or in lieu thereof, the two reversing tur-
‘bines on ‘the side shafts B and C may be
omitted 1f desired, but. the construction

"nozzles of the.

‘to control the nozzles supplying steam to the
| Impact turbines, substantially as deseribed.
3. The combination with three driving .
shafts, a'turbine te drive each shaft forward,
sald turbines connected together in com-
pound; of a reverwing turbine on each shaft. .. -
{.of the impact type in which the steam.is ex-
panded 1n stages, and means to control the -
area of 1mpact at each stage of expansion, -
Irsubstantially as and for the purposes set.forth.

50

55

4. The combinatiorr with a plurality of

| shafts and turbines thereon to drive the same:

forward ; of a reversing turbine on each shaf,

said reversing turbines connected together in

{ compound and having wheels supplied with
steam partially around  their circumference:

and the steam expanded in stages that are

~distributed on the several shafts, nozzles for
eaeh stage in which the energy of the steam -
1s. partially - converted into' velocity, and
“valves to control nozzles of the highest pres- -
-sure stage of each turbine and valve to con-

‘trol nozzles of the subsequent. stages of each.

. e direc the ‘turbine. - .
turbines T and T* being contained in sepa- |
‘rate casings, the operation of which turbines

5. The combination with a plurality of

shafts, and ‘urbinés thereon to drive the

60

65

70

same forward ; of. a reversing turbine on each

| shaff, said reversing turbines -having steam
-conduits connecting them together and hav- -
ing wheels supplied - with steam partially

75

around theit ¢ircumference, the steam being -

| expanded in stages that are distributed. on
-the plurality of shafts, nozzles for each tur-
“bine in which the energy of the steam is par-

tially converted into velocity, and valves in-

dependent ‘of one another to control the
ighest pressure stage of each’

of the reversing turbines in any order.

~_+In testimony that I claim the fo-regoing _és.
‘my 1nvention, -I have signed my name An

presence of two subscribing witnesses.. .
- RICHARD SCHULZ.

. Witnesses: | -
- JoHANNES HEIN,

" Worbpemar Haupr.
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