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To all whom it may concern:

Be it known .that I, Francis M. RITES, a
citizen of the United States, residing at Alle-
gheny, in the county of Allegheny and State
of Pennsylvania, have invented or discovered
a certain new and useful Improvement in
Methods of Steam Distribution in Multiple
Expansion Engines, of which improvement
the following is a specification. .

The object of my invention is to enable the
distribution of steam in the several eylinders
of a multiple expansion engine to be so ef-
fected that the maximum economical utiliza-
tion which is attainable under any given op-
erative conditions will be maintained through-
out the entire range of variation of the ratio
of expansion due to variations of load or
pressure or both, by, first, the equalization
and maintenance, under all conditions, of the
effect of changesof temperature in the sev-
eral cylinders in condensing and re-evaporat-
ing the steam, second, by the prevention of
waste of steam in receiver and clearance
spaces by effecting compression to initial
pressure in the high pressure and interme-
diate eylinders and receivers and, third, by
curtailmentof the percentageof wastethrough
radiation to the condenser during low press-
ure exhaust, by a variable low pressure com-
pression.

To this end, myinvention, generally stated,
consists in a novel method of effecting the
distribution functions of a multiple expan-
sion engine under any desired operative con-
ditions, and maintaining a corresponding per-
formanee of such functions under variations
of operative conditions, by supplying steam,
throughout an automatically varied portion
of the stroke of the piston, to a preliminary
or high pressure cylinder, expanding the
steam in said preliminary eylinder through-
out the remaining portion of the stroke, ex-
hausting the steam through an intermediate
expansion chamber into a secondary cylin-
der, expanding the steam between the high
pressure and the secondary cylinder through-

out a portion of the stroke in the latter, au-

tomatically regulated in different degree from
that in the high pressure cylinder, compress-
ing steam inthe expansion chamber to its ini-
tial pressure and afterward compressing it
into the high pressure clearance space to its

initial pressure, and, coincidently with this
double high pressure compression, expanding
steam in the secondary cylinder; exhausting
the steam from the secondary cylinder
through an intermediate expansion chamber

- into a tertiary eylinder and expanding it be-

tween the second and tertiary cylinders
throughouta portion of thestrokein thelatter
automatically regulated in different degrees
fromthatinthehighpressureandintermediate
cylinders, compressing steam in the interme-
diate expansion ¢hamber to its initial press-
ure, and afterward compressing it into the
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intermediate cylinder’s clearance spacetoits .

initial pressure, and coincidently with this
double intermediate compression, expanding
steam throughout the remaining portion.of
the stroke in the tertiary cylinder, exhaust-
ing the steam from the tertiary cylinder,
continuing these operations throughout the
series of cylinders, and finally exhausting
from and effecting compression of steam in
the low pressure cylinder, for a period and
degree variable in correspondence with the
coincident variations of cut off in the several
cylinders. Theimprovement claimed is here-
inafter fully set forth.

1t has been heretofore and is now readily
practicable to design and construct a multiple
expansion steam éngine which shall operate
satisfactorily and develop a comparatively
high degree of efficiency under the particular
operative conditions for which it is specially
designed, and which also will be readily ad-
justable to meet and provide for minor vari-
ations from such normal or designed condi-
tions, but such engines, as heretofore con-
structed, have not proven capable of auto-
matically adapting themselves to subsfantial
variations from their normal conditions, so as
tomaintain the maximum attainable economy
under each of the variations or conditions to
which they may be subjected in practice.

My present invention provides the desired
capacity of automatic adaptability to high
economical performance under varying con-
ditions, in which prior constructions, so far as
my knowledge and information extend, have
been deficient, and before proceeding to spe-
cifically describe an instance of its applica-
tion, its leading and essential features may
be generally described as follows. The re-

70

75

8o

85

[1]e]

9c

I00




Io

15

20

25

30

35

40

45

50

55

6o

65

quired regulation of speed is effected by cor-
responding variation of the ratio of expan-
sion by a governor, such ratio being so pro-
portioned in the several cylinders that the
range of temperature in each cylinder shall,
at all times, be equalized,in respect to its ef-
fect on condensation and re-evaporation,
while all functions of distribution are propor-
tioned with the same accuracy under any par-
ticular operative conditions, as under the spe-
cial conditions to meet which, as normal, the
distribution mechanism is designed. A re-
ceiver or expansion chamber is located be-
tween each cylinder and the next succeeding
cylinder.

The varying rapidity of recovery at differ-
ent changes of temperatures, renders it nec-
essary to unequally vary the point of cut off
and consequent ratio of expansionin the sev-

-eral eylinders, always, however, to the end of

equalizing the condensation and subsequent
re-evaporation therein. Thetheoretical indi-
cator diagram (Figs. 10 and 11) serve to illus-
trate the action desired and result accom-
plished in the operation of my invention un-
der material variations of load. It will be
seen that the greater range of variation of the
ratio of expansion is in the preliminary or
high pressure cylinder, while the ratio of ex-
pansion is similarly variable, although in a
less degree, in each of the succeeding cylin-
ders.

By the employment of different valve mo-
tions the cut off in the primary cylinder is
variable within a considerable range, as in
the instance indicated from three-fourths to
one-half of the stroke while the cut off in the
secondary cylinder is variable within a less
range as from one-half to five-sixteenths, and
the tertiary cylinder cut off is variable a still
shorter range, as from three-eighths to one-
fourth. Dyreason of such relative variation,
while the relative range of temperatures va-
ries slightly in the several cylinders, the cor-
responding relative rapidity of recovery coun-
teracts the otherwise injurious effect of un-
equal condensation and re-evaporation. The
constant quantities illustrated by these dia-
grams are, (first) compression in the receivers
totheirinitial pressure; and (second) compres-
sioninthehigh pressureand intermediate cyl-
indersto theirinitial pressure. For thesecon-
stant quantities, proper relative proportions
in the capacity of each clearance space and
of receiver volumes are necessary, and these
proportions are, in turn, dependent on the
relative proportions of the ceylinders. The
variable quantities are, first, the points of cut
off in the several cylinders and, second, the
period and degree of low pressure compres-
sion. 'The low pressure clearance is made of
as small volume as is consistent with otherre-
quirements, and equalizes the percentage of
loss due to radiation to the condenser.

With a view to simplification a single gov-
ernor and a connected series of eccentrics is
herein shown, each of which eccentries actu-
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ates an independent distribution valve for
one of the cylinders of the engine, but it
would be equally admnissible if preferred, or
deemed better adapted to a special design of
the engine, to employ any number of valves,
actuated by any number of eccentrics, pro-
vided that the governor or governors control
the varying distributions in the manner here-
inafter set forth.

In the accompanying drawings, which illus-
trate one form of multiple expansion engine
adapted to the practice of my invention, Fig-
ure 1 is a vertical, longitudical central sec-
tion; Fig. 2, an end view, as seen from the
left; Fig. 3, a plan or top view; Figs.4,5,and
6, horizontal sections, at the lines w, u, v, v,
and w, w, respectively, of Fig. 7; Fig. 7, a ver-
tical longitudinal section, at the line z, z, of
Fig. 3; Figs. 8 and 9, vertical transverse sec-
tions, at the lines ¥, 7 and z, 2, respectively, of
Fig. 4; and, Figs. 10 and 11, diagrams illus-
trating forms of indicator curves developed
in the operation of an engine in accordance
with my invention.

In the form herein described, the engine is
shown as of the double acting vertieal triple
expansion type, and is provided with a pre-
liminary or high pressure cylinder 1, a sec-
ondary or intermediate cylinder 2, and a tor-
tiary or low pressure cylinder 3, all of which
are secured to thetop of a suitable erank case
or housing 4, in the lower portion of which
are located the bearings 5 of a main or crank
shaft 6. The pistons 1%, 23, and 8%, of the
primary, secondary, and tertiary cylinders
are secured, respectively, to piston rods 1%,
2, and 3%, which are coupled, respectively, by
connecting rods, 1%, 2%, and 3°, to the pins of
double cranks 5% 5°, and 5% on the crank
shaft 5.

The distribution functions of the primary
cylinder 1 are effected by a distribution valve
7, of the piston type, which is fitted to recip-
rocate in a valve chest 7* adjacent to the pri-
mary cylinder, and the distribution functions
of the secondary and the tertiary cylinders
are effected, respectively, by independent dis-
tribution valves 8 and 22, also of the piston
type, and fitted, respectivelygto reciprocate
in valve chests 8* and 22°%, lo®dated adjacent
to, and communieating by ports with, the
secondary and the tertiary eylinders respect-
ively. Steam isadmitted tothe primary valve
chest 7* through a supply pipe connected to
an inlet nozzle 7°, and is finally exhausted
from the tertiary valve chest 22, through an
exhaust pipe connected to an outlet or dis-
charge nozzle 22¢ near the upper end of said
valve chest. A receiver or expansion cham-
ber 9 communicates, by ports 9*, with the pri-
mary valve chest 1% and, by porfts 9%, with
the secondary valve chest 8. Another re-
ceiver or expansion chamber 23, communi-
cates, by ports 23", with the secondary valve
chest 8%, and by ports 23", with the tertiary
valve chest 227,

The distribution valves 7, 8, and 22 which
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are of relatively different angular advance
are actuated, respectively, by adjustable ec-
centries 10, 107, and 10%, which are mounted
on the crank shaft5 in positions of relatively
different angular advance, with the capacity
of movement transversely thereto, and are
coincidently varied and controlled in posi-
tion, relatively to the axial line of the crank
shaft, by an automatic cut off governor 11,
of any suitable and preferred construction,
which is mounted on the crank shaft and
coupled to the eccentrics,as indicated in Fig.
1, and (in dotted lines) in Fig. 2. In the
instance shown, the eccentric rods 12,12%
12, are, respectively, coupled at their upper

ends to arms 13, 13%, 13 of relatively differ-.

ent lengths, and fixed on horizontal rock

shafts 14, 14°, 14%, respectively, said rock

shafts being journaled in bearings in the up-
per portion of the housings or crank case, and
having secured, upon their opposite ends,
arms 15, 15%, 15%, differing relatively in length,
proportionately to the lengthsof the arms 13,
13%,13% and respectively coupled to the stems
79,84 and 224, of the primary,secondary,and
tertiary distribution valves 7, 8, and 22, re-
spectively.

TUnder the above construction, the strokes
of the several valves will be of different rela-
tive lengths and the centers of the eccentrics
will be moved through unequal angles across
the shaft and into positions of relatively dif-
ferent angular advance, in the adjustments
effected by the governor.

Any other preferred construction of valve
mechanism having the capability of effecting
cut off at different desired portions of the
stroke, as, for example, the well known Cor-
liss valve gear, might be applied in lieu of
that shown, if, as in the present instance, the
distribution funections of the valves are con-
trolled by a single governor, in such manner
as to vary the points of cut off unequally in
the several cylinders, as in the construction
described and shown herein.

In the operation of a multiple expansion
engine provided with a distribution valve

system embodying the same or substantially.

the same essential and characteristic features
as that hereinbefore described, and assuming
the moving members to be initially in the
several positionsshown in the drawings, steam
from the boileris admitted to thechest of the
primary distribution valve 7, between the two
end pistons of said valve, and passes into the
primary cylinder through the upper indue-
tion port thereof, effecting the downward
stroke of the piston 1% and being cut oif at
the desired point in the stroke by the gover-
nor. The steam which has effected the pre-
ceding upward stroke of the piston 1* of the
primary cylinder, passes out of the cylinder
through the lower induction port, thence into
the valve chest 7* below the valve 7,and into
the receiver 9, through which it passes under

compound expansion, through the ports 9°,
through the body of the valve 8,and through
the lower induction passage, into the second-
ary cylinder 2, effecting the upward stroke of
its piston 22, and being cut off at a point of
the stroke bearing the desired relation to the
ratio of expansion in the primary cylinder,
by.the governor. The continued downward
movement of the piston 1% of the primary
cylinder after cut off in the secondary cylin-
der, compresses the steam in the receiver 9 to
its initial pressure, when the lower piston of
the valve 7 cuts off communieation between
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the upper induction passage and the receiver, .

and thereupon, the residue of the downward
movement of the piston 1?, compresses steam

8a

in the clearance space of the primary eylinder -

to initial pressure. The steam which has ef-
fected the preceding downward stroke of the
piston 2* of the secondary cylinder, passes out
of said cylinder through the upper induection
passage into the valve chest 8%, and around
the body of the valve 8, to the receiver 23, and

85

through the receiver 23 into the valve chest

222 of the tertiary cylinder 5,around the body
of the valve 22. From the valve chest 22, the
steam passesintothe tertiarycylinder through
the upper induction port thereof, effecting
the downward stroke of the piston 3% and
being cut off at the desired pointin the stroke,
different from those in the preceding . cylin-
ders, by thegovernor. The continued upward
movement of the piston 2% of the secondary
cylinder, after cut off in that cylinder, com-

presses steam in the receiver 23 between the
secondary and tertiary cylinders, to its ini-

tial pressure, whereupon the upper piston of
the valve 8 cuts off communication between
the upper induction passage of the secondary
cylinder and the receiver 23, and the residue
of the upward movement of the piston 2*, eom-
presses steam in the clearance space of the
secondary cylinder to its initial pressure.
The steam which has effected the preceding
upward stroke of the piston 8* of the tertiary
eylinder, passes out of said cylinder, through
the lower induetion passage and through the
body of the valve, to the condenser or to the
atmosphere, as the case may be, until the
valve 22 cuts off communication from the
lower induction passage of the tertiary cyl-
inder to the exhaustoutlet, from which period
until the end of the stroke, the remainder of
the steam below the tertiary piston is com-
pressed into its clearance space, the degree
and period of such low pressure compression
varying correspondingly with variation of the
points of cut off in the several cylinders.
The operations described as to the primary
and secondary e¢ylinders would be similarly
repeated with any number of cylinders be-
yond the secondary cylinder, and may be com-
pleted at that cylinder, with a variable low
pressure compression as described, or they
may be carried through any desired number
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of additional eylinders, a variable low press-
ure compression being effected in the ulti-
mate cylinder. :

I claim as my invention and desire to se-
cure by Letters Patent—

1. Theimprovementin the method of steam
distribution in multiple expansion engines,
which consists in coincidently and automati-
cally varying all the distribution funetions
in all the cylinders of the engine, similarly
and in respectively different degrees, sub-
stantially as set forth.

2. The improvement in the mmethod of steam
distribution in multiple expansion engines
which consists in coincidently and automati-
cally varying the expansion in all the eylin-
ders, similarly and in respectively different
degrees, substantially as set forth.

3. The improvement in the method of steam
distribution in multiple expansion engines
which consists in coincidently and automati-
cally varying the expansion in all the eylin-
ders, the degree of variation in the primary
cylinder being different from that in the suc-
ceeding cylinders or either of them, substan-
tially as set forth.

4. The improvement in the method of steam
distribution in multiple expansion engines
which consists in expanding steam in all the
cylinders, effecting high pressure compres-
§ion and intermediate compression to initial
pressure, and effecting a low pressure com-
pression which is variable in period and de-
gree, substantially as set forth.

6. The improvement in the method of steam
distribution in multiple expansion engines
which consists in coineidently and automati-
cally varying the expansion and period of
compression in all the eylinders, effecting
high pressure compression and intermediate
compression to initial pressure, and effecting
a low pressure compression which is varied
in period coincidently with and proportion-
ately to variations of expansion,substantially
as set forth.

In testimony whereof I have hereunto set
my hand.

FRANCIS M. RITES.
Witnesses:

J. SNOWDEN BELL,
R. H. WHITTLESEY.
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