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To all wlhom it may concern.

Beit known thatwe, HENRY HERMAN WEST-
INGHOUSE and FRANCIS M. RITES, citizens of
the United States, residing at Plttsbm"g, in
the eounﬁ of Alleﬂhenv ‘md State of Penn-
sylvania, have invented or discovered certain

Tew and useful improvements in the Method

of Distributing Motive Fluid in Compound

Engines, of which improvements the follow-

ing is a, cspeelﬁeahml.
The object of our invention is to effect the

- utilization of the expansive force of steam or
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other elastic fluids, when applied in engines
of the compound Wpe more eompletelv and
pertectly than has heretofore been practica-

ble, by the avoidance of an intermediate re-

duction of pressure and a loss of motive fluid
in filling elearance-spaces, unaccompanied in
cither case by the performance of useful work,
both of which objections obtain to a greater
or less degree in prior construections.

T'o this end ourinvention, generally stated,
consists in a novel method of effecting the
distribution functions of & eompound engine
by supplying motive fluid thronghout a por-
tion of the'stroke of the piston to a prelimi-
nary or high-pressare eylinder anda continu-
ously - communicating clarance - space ex-
pmuhng such mohw fluid 1n said Oslmder
and clearance-space throughout the remain-
ing portion of the stroke, exhausting the mo-
tive fluid directly into a secondary or low-
pressure cylinder, expanding the motive fluid
between the primary and secondary eylinders
throughout a portion of the stroke of the P1s-
ton 01 the Iatter, terminating the stroke of
sald piston 1111{101* simple expansion and coin-
cidently compressing motive fluid in the pre-
Iiminary evlinder and clearance-space to ini-
tial pressure, and, finally, exhausting the mo-
tive fluid from the secondary cylinder.

The 1improvements claimed are hereinafter
fully set forth. -

To completely attain the recognized eco-
nomic advantage of cylinder compression, it
18 necessary that the same shall be finally
vaised to the degree of initial nressure, or that
exerted upon the piston at the commence-
ment of the stroke, and there being in the
operation of a compound engine in practical

service frequent variations in pressure or
load, or both, the attainment of the advantage
above reterred to is further necessarily de-
pendent upon the correspondence of terminal
compression with initial pressure at each of
the different grades of expansion or initial mo-
tive-fluid pressure under which the engine
may from time to time be operated. Such main-

tenance of correspondence of terminal com- -
- 6o

pression with initial pressure independent of
variations of load or motive-fluid supply press-
ure, which we do not know or believe to have

“been effected prior to our invention we attain

by preventing variations of the point of ini-
tial compression from indueing variations in
the degree of terminal compression through
the induetion of corresponding variations in
pressure at the point of initial compression.
The distinguishing feature of our invéntion
18 the coincident effection of low-pressure ex-
pansion and high-pressure compression within

A space of determined volume and the main-

tenance of high-pressure terminal compres-
s1on uml,mnﬂy at initial pressure 111depem_l-
ently of variations of load or pressure by
corresponding variations in the grade of ex-
pansion, the variations of pressure at the
point of high-pressure compression compen-
sating the variations of the point of high-
pressure compression, and terminal h]ﬂh-
pressure compression being thereby caused to
be equal to initial pressure af all grades of
expansion in operation. The ]_119]1 -pressure

~compression curves produced in indicator

diagrams will necessarily vary with variations
of Initial pressure; buf their terminal in the
several variations will coineide in each case

with the initial pressure.

The practical application of our nwthod of
distributing motive fluid—that is to say, of
performing the several functions un"oh*ed 11

the exer Llon of 1ts e:\_pmlsw .:wtmn upon the
_pisfonq of a ] ] '

in the opemtwn of the enﬂmes set f01‘(h 1n

an application for Letters Patent filed by us

under | _
267,519, and will be herein explained by ref-

date of March 17, 188§, Serial No.

erence to an engine illustrated in the draw-

ings, which, while differing in minor struct-
ural featurec; from those Of sald application,
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accords therewith in-the embodiment of the
mechanical elements requisite forthe employ-
ment of our method.

In the accompanying drawings, Ifigure 1 1s
averticallongitudinal central %("‘(‘1101’.1 ‘Lhmuﬂh
a compound eng ine adapted to the practice of
our invention; and Tig. 2, an end view, in
clevation, of the same, as seen from the 1_15;:[1{,

The drawings illustrate a single-acting com-
pound engine “of the W esnnﬂh{m%e hpe hav-
g a pr climinary or high-pressure eylinder,
1, and a secondar v O Low -pressure mlm{]m
2 which are secured side by side to the top of
1 closed erank-case, 5, constituting the bed or

support of the engine, and serving also as a

tank or receptacle for the lubricating ma-
terial of the journals and erank-pins of {he
crank-shatt 4, the ]mmmls 50 of which rotate
in hearings 11, fixed in the endsof the erank-
case H. The evlinders 1 and 2 are fitted, re-
spectively, with pistons 7 and 8, which are
coupled Dby connceting-rods 9 to the erank-
pins of double-cranks 10, set oppositely or
“with their pins one hundred and etghty de-
~grees apart on the crank-shaft 4.

Motive fluid is admitted to the 1111111 “Press-
ure evlinder 1, exhausted Hlm*ﬂhmu to the
low-pressure eyvlinder 2, and thence exhausted
into the atmogphere or into a condenser by a
single ﬂi%f"l‘i]'}llti{)]l -valve which reciprocates
in a valve-chest, 3, provided with nozzles or
passages 15 and 11 to which a supply and an
exhaust nipe are respectively connected and
communieating with the lnwh and the low
pressure (*1111‘1(10»-. hy ports 12 and 14. The
valve-chest is prefoer: 11}1\ lined with a bushing,

£0, communicating by proper series of ports

with the supply and exhaust passages 15 and

1T and the eviinder-ports 12 and 14, The dis-
tribution-valve, which in this instance is of
thie piston fype, is composed of a high-press-
tre section, 38, nnd a low-pressure section, 39,
which are secured upon and reciprocate coin-
cidentlv with a valve-stem, 16, actuated by an
cecenfrie, 20, which is mounted freely upon
fhe eranl-shaft 4, and is varied and adjusted
in position relatively {o the ¢rank-line, 2o as

to cffect variation of the degree of expansion:

in accordance with variations of pressure or
load, or both, by an automatic cut-off gov-
¢rinor ol any Hllli.ll}[l*;l]l{] preferred construc-
tion.  I'he  governor allnstreated, uln{____]] 15
mounfed upon a sapporting-w. l{(l, 25, fixed
npon the crank-shaft 4, is adapled, 1111(}11”11
nivoted weighl-arms and springs, to (1[1{.‘C‘f th("-
movementof the adjustable ceeentrie 20 trans-
VOISe lx m 1]1(* (: 1.:111[1... lllw,ftml 11101{ lwm ar T

]l I._.n__.n e ht.d.-ll,‘{i. "._l ]n..._f valve-stem 1 U 15 ¢ mln_(..r(ft{?:ﬂ.
to one arm ol a bell-crank lever, 45, pivoted
in bearings on the cap-plate of the eylinders,
the other arm of said lever being coupled to
an cccentric-rod, 19, which is connected to the
strap 21 of the eccentric 20, In the engine of
similar type, illustrated in our application,
serial No. 207,519, hefore reterred to, the bell-
crank lever 45 was coupled directly to the ec-

A pin,

Jra—
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centlric-str: lpbx ‘the Gcoontl ic-rod 19, this con-
struetion involving a minimumn ang alar ity of
said rod, and consequently minimum disturb-
ance of lead due to such angularity, in order
that the variation ol the ﬂm(k of expansion
should De equal, as uefnh as may be, in the
two evlinders, such equality being desirable
for the attainment of the best 1*esult with the
employment of saturated steam and within
the practicable range of regulation by the
covernor. In the present instance a con-
struction is shown under which the action of
a substantially greater angularity of the ec-
(_‘(‘111]‘]("10{[ B (\ulul lipon Hm dls‘mhun(mm
ll]m aull\ -p1 01(1(*11115_; ar ni, \V]ll(‘]l 18 e{mplmlm
26, to a sliding hiu , fitted to recip-
rocate in guides 258, a.e(*mc-ﬂ m the crank-case,
and (‘()11])1{1(1 by pin, 29,to the eccentric-rod 19.

It will be seen that 1]19 effect of the angtu-
larity of the eccentrie-rod upon the TMTL al:
late grades of expansion or points of cut off,
the valve being set square for a deter 111111(111
intermediate [mlm is mater mllv oreater than
inthe engine of application, Ser ial No. 207,519,
and that ﬂwmi ore therew 1]1 be in such cases
an increase of lead on the high-pressure port
at the expense of an U[[l‘lﬂl “decrease on the
low-pressure port, by which a longer cut oft
will be effected in the hlﬂh-p] essure than in
the low-pressure cylinder, in order to enable
compression in the high-pressure cylinder to
he raised to a higher {]lem than that which
would be resultant upon an equal point of
cut off in hoth evlinders. On the other hand,
the relatively decreased angularity of the ec-
centric-rod at early points of cut off induces
an inerease of lead on the low-pressure port
and a decrease on the high 1}1*{1&“111(_,1)011,;11111
conseguently a I(LLfH‘”LlV](HI'—’*(‘I cut off in the
low-pressure than in the ]nnh -pressure ¢ylin-
der. 'This provision for a mme variation
of the points of eut off in the two cylinders
is made in order toerender the engine adapt-
able to operation with motive fAuids having
the characteristies of perfect gases, or those
not containing condensible (‘lt me ms within
therangeol working 1}1*0%1110%,itasnpmhmted
steam or compr ("u-.wd air, with which the curve
of compound expansion, not being influenced
by condensation and re- -evaporition, differs
from that induced in the employment of su-
perheated steam.

The distance bhetween the sectionsg 38 and
39 of the distribution-valve and theirrelation
in position and degree of fraverse to the port
12 of the high-pressure cylinder are so fixed
that the space within the valve-chest bushing
40, between the sectiong 33 and 39, together
with that within the port 12, shall constitute
a clearance space or chamber, 42, which 1s
continnouslyin communication with the high-
pressure eylinder. We have found in prac-
tice that with the employment of saturated
steanm and within the ordinary range of va-
riation of expansion the most I)Olft?(ft. results

| have been obtained by the use of aclearance-
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chamber the capacity of which bears sul-

stantially the samé ratio to the volume of
the high-pressure cylinder as that of the lat-
ter to the volume of the low-pressure cylinder;
but it will be obvious that the capacity of the
clearance-chamber may, under the conditions
last recited, be increased or diminished with
a corresponding variation from maximum
useful effeet. | | |

The duty of the valve-section 38 is to open
and close the port or series of ports in the
valve-bushing 40 communicating with the

supply - passage 15, thereby performing the

funetions of admission and cut off for the
high-pressure cylinder, the cut off being ef-
tected at different points in the stroke of the
piston, vespectively, in accordance with the
variations of position of the eccentric 20 by
the governor. Thetravel of the valve issueh
that the high-pressure port 12 is continuously
open, and hence the exhaust and compression
of the high-pressure eylinder are effected in-
dependently of the valve-section 38, the duty
of which, other than as a boundary of the

clearance-space 42, is limited to the funections

first above stated. The valve-section 39 ef-
fects the opening and closure of the low-press-
ure port 14, and thereby performs the fune-
tions of admission, cut off, exhaust, and com-
pression for the low-pressure cylinder, and
also those of exhaust for the high-pressure
cylinder during the period of the stroke
in which the low-pressure port 14 is open
and the valve-bushing ports of the supply-
passage 15 are closed, and of compression
for the high-pressure cylinder during the pe-
riod in which both' the low-pressure port 14
and the valve-bushing ports of the supply-

passage 15 arve closed. In each case, more-

over, the valve-seetion 39 acts as an end
boundary of the clearance-space 42, .
In operation motive fuid supplied from the
passage 15 to the clearance-chamber and the
space above the piston 7 of the preliminary
or high-pressure cylinder 1 effects the down-
ward movement of said piston at substantially
initial pressure throughout the preliminary
portion of its stroke at a point in which, regu-
lated by the governor under existing condi-
tions of load and pressure, the valve-section
58 closes the ports communicating with the
passage 15 and cuts off the sapply of motive
fluid, the remainderof the stroke of the high-
pressure piston heing effected by the expan-
sionn of the motive fluid previously admitted
and remaining in the clearance-chamber and
high-pressure eylinder. In the further trav-
erse of the valve the valve-section 39 opens
the low-pressure port 14 and admits the mo-
tive fluid contained in the clearance-chamber
and high-pressure eylinder to the low-pressure

(:-.ylimlm', which motive fluid effects the pre- |

liminary portion of the stroke of the low-press-
ure piston 8 under compound expansion ex-

erted between the smaller and larger eylin-
ders. The distribution-valve has meanwhile

commenced 1ts traverse in the opposite diree- |

‘tion, in the ¢ourse of which, at-a point reégu-

lated by the governor, its section 39 closes the
low-pressure port 14, cutting off the supply
of motive fluid from the low-pressure eylinder

~and coineidently closing the clearance-cham-

ber 42, and thereby commencing high-press-
ure compression. The remaining portion of
the stroke of the low-pressure piston is ef-
feeted under simple expansion—that is to
say, by the expansion of the motive fluid in-
closed in the low-pressure eylinder, the mo-
tive fluid inclosed in the high-pressure eylin-
derand clearance-chamber being meanwhile,
in and by the upward stroke of the high-
pressure piston, compressed at its terminal to
substantially initial pressure. Further move-
ment of the valveinthesame direction effects
the exhaust of the motive fluid which has im-

pelled the low-pressure piston, and admits

motive fluid to the clearance-chamber and
high-pressuare eylinder for the next succeed-
ing stroke of the piston of the latter, such

‘new supply being subject to no reduction of

pressure in filling the clearance-chamber, as
1t meets therein a previous supply of equal
pressure, which is utilized in the exertion of
such pressure upon the high-pressure piston
in the stroke about to be made. :

Variations of the grade of expansion in the
operation of the engine would under previous
practice involve different degrees, respect-
1vely, of terminal high-pressure compression,
from the fact that greater or less volumes of
motive fluid are, proportionately to the late-
ness or earliness of the cut off, admitted to
the high-pressure ecylinder, while the com-
pressive action of the piston, being exerted
through the same space in each case, is uni-
form at all points of cut off. In the practice
of our invention we counteract and compen-
sate for such tendency to variation of the de-
egree of terminal compression above or helow
Initial pressure by effecting each and every
grade ol low-pressure expansion coincidently
with the initiation of high-pressure compres-
sion within a clearanee-space of such volume
as has been determined by experimental re-

search to be requisite to admit of the degree

ot terminal compression being raised to with-
out exceeding that of initial pressure at the
commencement of the stroke. Each change
of the point of cut off is consequently accoms-
panied by a corresponding change of press-
ure at the point of initial compression, (which
point corresponds with the point of cut off,)
due to the greater or less amount of motive
Auid which has been expanded from the
high-pressure eylinder into the low-pressure
cylinder, so that the later the eut off and the
less the volume of motive fluid on which com-

pression is to be exerted the greater will be
the pressure of said volume, and, conversely,
the earlier the cut off and the greater the vol-

ume of motive fluid to be compressed the less
will be its pressure. |

It will be scen that the practice of our in-
ventioninvolves a substantial departure from
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that which has heretofore generally prevailed, | sion to initial pres
-as set forth.

to wit: reducing clearance to the least meas-
ure practicable. IWe have discovered, and
demonstrated by experiment as the basis of
our present invention, that such reduction
of clearance is unnecessary to the successtul
and cconomiecal ntilization of the expansive
force of motive fiuids, and, further, that a ma-
ferial advantage is attained by an increase of
clearance much bevond the degree heretotore
decemed desirable or even admissible when
omployved asan agentin effecting compresgion
{o initial working-pressure, such advantage
being by our invention rendered continuously
available, under the conditions existing 1n or-
dinary service, by a distribution of motive
Huid which maintaing the correspondence of
ferminal compression and initial pressure
without disturbance from the variations of
pressure and load, which are normally en-
in the operation
of the standard constructions known and ap-

proved in present steam-engineering practice.

The engine herein deseribed and shown 1s
not claimed as of our present invention, be-
ing introduced only to facilitate the descrip-
tion thereof by reference to a mechanism suit-
ably adapted to its application, and accord-
ing, moreover, in its essential elements with
that set forth in our application, Serial No.
267,519, hereinbefore referred to.

We claim as our invention and desire to
seenre by Letters Patent— '

1. The improvement in the method of dis-
which consists in supplying the same to a
preliminary or high-pressure eylinder and a
continuouslyv-communicating clearance-cham-
ber  of determined  volume,
oreater than that required fo serve as an ave-
nue for the passage of motive fluid, exhaust-
ing the same under compound expansion into
o secondary or low-pressure eylinder, and
thereafterclosing the exit from said clearance

substantially

- o Er———————bl e LA
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sure therein, substantially

2. The improvement in the method of dig-
tributing motive fluid in compound engines,
which econsists in raising high-pressure coim-
pression to initial pressure in a chamber of
suitable determined volume without limita-
tion by or disturbance from variations of
load or initial pressure by commeneing high-
pressure compression coincidently with low-
pressure expansion, substantially as set. forth.

3. The improvement in the method of dis-
tributing motive fluid in compound engines,
which consists in supplying the same to a
preliminary or high-pressure cylinder and a
continuously-communicating clearance-cham-
ber of suitable determined volume, exhaust-
ing the same under compound expansion into
a secondary or low-pressure eylinder, varying
the grade of simple expansion in the same di-
rection in both the high and the low-pressure
cylinders, and effecting high-pressure com-
pression to initial pressure in the clearance-

c¢hamber by initiating said compression coin-
c¢idently with each and every variation of the

orade of low-pressure expansion, substantially
as set forth.
£, The improvement in the method of dis-

tributing motive fluid in compound engines,

which consists in counteracting and compen-
sating for the tendeney ol variations of the
noint of cut off to induce variations in termi-
nal high-pressure compression by eftfecting a
corresponding variation of pressure at the
point of initial compression coincidently with
each variation of the point of cut off, sub-
stantially as set forth.

In testimony whereof we have hereunto set

onr handes.

NENRY HERMAN WESTINGHOUSE.
FRANCIS M. RITES.
Witnesses: |
J. SNOWDEN BELL,
R. H. WHITTLESEY.
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