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UNITED STATES

PATENT OFFICE.

RICHARD S\IITH OF SHERBROOKE, QUEBE CANADA.
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-]

SPECIFICATION forming part of Letters Patent No. 264,903, dated September 26, 1882,

Application filed January 9, 1882.

To all whom it meay concern : :

Be it known that I, RicmARD SMITH, a citi:
zen of the Dominion of Canada, resiiding at
Sherbrooke, inthe county of Sherbrooke, Prov-
ince of Quebec, Canada, have invented certain
new and useful Improvementsin Reciprocating

~ Propellers; and T do hereby declare ‘the fol-
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lowing to e a full, clear, and exact description '
-of the invention, ‘sich ‘as will enable others

skilled in the art to which it appertains to
make and use the same, reference being had
to the acompanying drawings, and to letters

_or figures of reference marked thereon, which

form a part of this specmcamon

This invention is to be considered in the
light of an improvement upon.a class of pro-
pellem shown and deseribed in Letters Patent
of ‘the United States issued to myself on the
7th'day of June, 1881, in which one or more
folding” blades or vanes, expanding when
driven in one direction, create resistance upon
or to the water to propel the vessel, and fold-
ing on the return or retreat stroke to offer no
leSIStdIle to the progress of the vessel, are

binged at their bases or pintles to the outer

end of the propeller-shaft, which in tarn isse-
eured to the outer end of the piston-rod of a
steam-cylinder, the edges of the blades or
vanes being pivoted by suitable connecting-
links to the end of the piston-rod of a second
steam-cylinderindependentof butco operating
with the first.

In the pratical working of the propeller as
above patented I have encountered several
serious obstacles, which my present improve-
ments areintended tocorrect. First, the action
of the blades as they close upon the water in

folding as- the propeller completes its active

stroke in driving the vessel forward tends to
neuntralize the legitimate functions of the pro-

- peller by exerting a resistance to the waterin

SU

the wrong direction, thereby inducing a re-
tarding motion or backward draft upon the
vessél ; second, the shocks or thrust upon the
vessel and machinery from the ¢ pounding?”
of the propeller-~thatis, the sudden resistance

-to the water on the starting of the propeller

in its active stroke to drive the vessel ahead
asitsblades expand and bring ap against their
bearings. - I obviate the objection first named
by cutting off steam from. the primary ormain
cylinder before the piston of the auxiliary cyl-

(No model.)

inder reaches the end of its stroke, and ad-
mitting steam to the said side eylinder coinei-
dent with the completion of the stroke of the
main piston and as the traverse of the pro-
peller bodily ceases, by which means theblades
are fully closed as the outgoing stroke termi-
nates and offer no resistance to the water on
the return-stroke.. Therefore the final act of
closing the blades becomes a means of aiding
rather than retarding the propulsion of the
vessel,.as the tendency is to erowd the water

rearward from before the blades, in lien of

drawing it forward into them, when the pro-
peller is under rapid headway in its return-
stroke. I obviate the second-named objection
by first admitting live steamn to the primary
c¢ylinder at the beginning of the active stroke
(when propelling the vessel ahead) and ad-
vancing the cross-bead to which thebladesare
pivoted until such blades are nearly open, and
then admitting live steam to the side cylinder
or cylinders, and exerting the full power of the
combined cylinders to advance the propeller
bodily and permit the resistance of the water
to complete the unfolding of the blade or
blades. with an easy motion and allow the
cross-liead to gradually overtake the blades,
thereby avoiding the shocks and thrusts inci-
dent to the sudden full opening of the blades
against the cross-head.

My improvements further relate to means
for converting the reciprocating rectilinear
movements of the piston-rods into eontinuous
rotary motion in one direction of the cam-shaft

which operates the various valves of the en-

gine, the same being a-clutch-feed mechanism
consisting of a horizontal rock-shaft composed
of a spiral bar arranged in longitudinal align-
ment with the anxiliary eylinder (whiech is dis-

posed to one side of the main cylinder) and

rocked on its axis in alternately opposite di-
rections to the extent of one-half a revolution
in each direction by the traverses in right
lines of a cross-head which surrounds the
spiral bar or shaft and unites the propeller-
shaft and main piston-rod, these intermiftent
semi-rotary movements of the rock-shaft being
converted into contindous rotary movements
of the cam-shaft by a series of gears and dovs,
as hereinafter explained.

My improvements farther relate to means
for absorbing or greatly relieving the shocks
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4nd thrusts to the vessel and machinery,which
would otherwise naturally resultfrom suddenly
arresting the momentam and changing the di-
‘rection of stroke of the propellerin the absence
of a crank-motion, this feature in my improve-
ments being accomplished by the employment
of ¢ dash-pots” between each end of the cross-
head which connects the propeller-shafs and
main piston-rod and the standards or bearings
which support respectively the outer end of
the frame and inner portion of the latter.

My improvefnents further relate to the pecu-
liar or novel construction of the cylinders and
their ports and valves, whereby steam is first
admitted to the primary cylinder at the begin-

_ning of the active stroke of its piston in pro-

20

25

pelling the vessel ahead until the propeller-
blades are nearly open, and then admitted to
the side cylinders, whereby the latter operate
with the first or main cylinder in advancing
the propeller bodily and allowing theresistance
of the water to gradnally close its vanes, as be-
fore premised, and also whereby admission of
steam to the main eylinder is cut off and its
piston (during the active stroke of the latter in

. driving the vessel forward) brought to a stop

.30

35

40

45

50

.55

6o

65

before the propeller-blades begin to close, the
auxiliary pistons advancingto closethe blades,
while tlfe main piston remains idle.

My improvements further consist in a single
cam-shaft rotating continuously in one direc-
tion and carrying a series of cams, and operat-
ing with the series of valves and valve-levers
to actuate the entire series alternately when
advancing or backing the vessel, the shaft be-
ing shugged endwise to one or the other of its
extremes of position, according to the neces-
sity for opening or closing the valves, to effect
the advance or the backing of the vessel, as
the case may be.

My improvementsfurther consistin the novel
construction of the cams foractuating the valve-
levers, in which each cam is a plate independ-
ent of the hub which carries it, and is secured
to the end of the hub in an adjustable manner,
a sectoral plate, also secured adjustably to the
hub, being employed, in order that the valves
which govern the admission of live steam to
the cylinders may be adapted to cut off such
steam at any point in the traverse of a given
piston, it being borne in mind by the reader
that the live-steam ports are always live-steam
ports, while the exhaust-ports are at all times
exhaust-ports, and the two are not used alter-
natelyin common, asin ordinary steam-engines.

Minor details of my improvements will ap-
pear during the following description of the
various parts of the apparatus.

The drawings accompanying this specifica-
tion represent, in I'igure 1, a plan, in Fig. 2 a
vertical section, in Fig. 3 a side elevation,
and in Figs. 4, 5, 6, 7,'8, 9, 10, and 11 cross-
sections, of an engine and propeller contain-
ing my invention; and Tig. 12 is a horizon-
tal section of the three eylinders of a steam-
engine and propeller containing my improve-

ments or invention. Fig. 13 in said draw-

ings represents a veitical lotigitudinal section
throngh one of the cross-heads of the propel-
ler-shaft. TFig. 14 is a side view of the cam-
shaft and its cams. Tig. 15 is a face view of
ope of the cams. Ifig. 16 is a plan of the cyl-
inders, showing the various valve-passages in
dotted lines. Fig. 17 is a section of one of the
cams. Tig.181is a vertical cross-section of the
cross-head of the propeller-shatt. Fig.19isa
sideelevation. Iigs. 20 and 21 are sections of

thetrain of reversing-gears, to be explained.

TFig. 22 is a section of oue of said gears. Fig.
23 is a section of one of the cams and cut-offs.
Fig. 24 is a side view.of one of the cut-offs.

Reference being had to the above-nanied
drawings, it willbeseen that A representsa hor-
izontal steam-cylinder, which constitutes the
primary or main eylinder of the engine, and is
provided with a piston, B, and piston rod C in
the usunal manner. No general steam-chest is
employed in this engine, as in ordinary steam-
engines; but the body of metal of which the
cylinders are cast is reduced to a flat surface
or table upon the top at each end, as shown at
D or D', and each valve is contained in a
chamberin an independent boss erected upon
the table. ’

B? B®in the drawings represent two lesser
or auxiliary steam-cylinders, arranged paral-
lel with and upon opposite sides of the main or
center cylinder, A, the combined area or ca-
pacity of these auxiliary cylinders being pref-
erably somewhat in excess of that of the said
main cylinder, in order to-obtain a preponder-
ance of power over the latter for purposes
hereinafter explained. The cylinders k2 B3
are virtually one, as they have free intercom-
munication by passages Z Z. (See Figs. 5, 10,
and 12 of the drawings.) The pistons of the
side cylinders are shown at B B, respectively,
and the rods of such pistons at W/ W2, The
piston-rod C of the main piston B plays within
a guide or standard, C?, erected upon the bed-
plate D7 of the engine, immediately in rear of
the three ¢ylinders, the outer end of this rod ©
being secured to theinner end of 4 horizontal
tabular eylinder or cross-head, ¢, which is sup-
ported at bottom upon and slides to and fro of
ways or guides ¢! upon the base-plate before
named. The two auxiliary piston-rods W/ W2
are connected-at their outer ends to opposite
ends of a horizontal bar or yoke, V/, which in-
tercepts the cross-head ¢ of the main rod C at
right angles to the latter by passing through
longitudinal slots b b in opposite walls of said
head ¢, the length of these slots b, as in my
patented propeller abovealluded to, being such
as to permit of the requisite play of the aux-
iliary piston-rods in opening or closing the
vanes of the propeller.

From the yoke V’ the construction of the
propeller itself is in this instance substan-
tially the same as that shown in my patent al-
luded to; but to properly explain the opera-
tion of my present invention it will be essen-
tial to describe briefly the construction of the
propeller, which is as follows:
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To the outer end of the piston-rod C of the
main or center eylinder, A, I secure, by the in-

termediate slotted head or hub, ¢, the inner end

of a tubular shaft, D, which I term the * pro-
peller-shaft,” as it drives the expanded propel-
lér rearward to forge the vessel aheaid ; and to
the outer or rear end of the said shaft D, and
at right angles to the axis, I secure a vertical
cross head or bar, d, which is guided at top
and bottom by and plays between parallel hori-
zontal wa¥s or guides, which constituté the
upper and lower boundaries of a rectangular

‘oblong opening in the dead-wood of the vessel,

the onter or rear end of the shaft D being jour-
naled in a standard, C?, erected upon the bed:
plate D* of the engine, in manner similar to
the standard C7, before named.

To the center of the cross-head d, I pivot the-

adjacent iuner edges or pintles of twin flat, thin,
blades or wings e ¢, which, combined, consti-
tute the body of the folding propeller, these
blades being preferably oblong rectangles in
outline, and being of a length and width ac-
cording to the nature and capacity of the ves-
sel. they are to drive,

In some modified forms of my propeller I

wemploy but one piston and eylinder to open

and close the blades and drive the propeller;

- but as shown in the present instance the pis-
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ton-rod of the center cylinder and the propel-
ler-shaft D are in axial alignment. Hence, in

order that the side eylinders and their pistons’

may funetion to aid in operating the propeller,
it becomes necessary to divert the rods of the
said eylinders from the axes of the latter in

-order to operate upon the propeller through

the tubular shaft D; and to this end I employ

the transverse yoke or bar V‘, before men-.

tioned as connecting the outer ends of the two
piston-rods W/ W2, The yoke V' is connected
at its center to the inner end of a rod or shaft,
«, contained within the propeller-shaft D, such
yoke playing within the slot b of the eross-head
¢ and operating to open and close the blades

of the propeller through the.medinm of the

shaft a. .

To the outer end of the rod or shaft a, I se-
cure at its center a vertical bar, (&, aud 1 cre-
ate in opposite walls of the shaft D slots or
openings' ff, which together form a common
passage to receive .the head G and permit of
play of such head by and with the said.rod
and to and fro of the shalt D. To each ex-

- tremity of the head or bar G, 1 pivot one end

of one of twin links, ¢ g, the opposite or inner
ends of these links being pivoted respectively
to the outer edges-of the Dlades ¢ ¢ of the pro-
peller.

Returning to the constraetion of the cylin:

ders and"their adjuncts, it will be seen that the.

inper table, D, has upon each side two ports,
those upon one side being represented by Q’
and K’ and on the other by G* and S/, these
ports being placed altérnating or obliquely
Wwith respect to each other, in order that their
respective operating-levers shall not interfere.

~ The valves of the ports are ordinary drop

check-valves, the valve of the port Q/ being
shown by the letter Q”, of the port K’ by the
letter K, of the port G* by the letter G, and
of the port S/ by the letter 8. The ports K’ Q'
are always live-steam or inlet ports, while the
ports G*S’ arealwaysexhaust-ports. The ports
K’ K’ communicate with the adjacent or in-
ner end of the center ¢y linder, A, by a passage,
L/, The port Q' connects with the adjacent
or inner end of the side cylinder B2 by a ver-
tical passage, Q°, directly beneath it. The ex-
haunst-port G* makesexit from the adjacent orin-
nerend of the opposite side eylinder, B?, by adi-
rect passage, a®,while the exbaust-port 8 makes
exitfrom theadjacent or inner end of the center
or main eylinder, A, by a passage, 13, and is al-
waysfullopen while the vessel isbacking. Upon
the opposite or outer table, DY, the above ar-
rangement of ports and valves is duplicated—
that is, U’ and I represent live-steam or inlet
ports npou one side of sueh chest, which are al-
ways inlet-ports, and T/ H* exhaust-ports upon
the opposite side, which are always cexhaust-
ports. The valve of the port U’ isshown at U,
of the port R’ at R”, of the port T” at T, and of
the port H*at H. The port U’ communicates
with the adjacent or outer end of the side eyl-
inder B? by a vertical passage, @, directly
beneath it. The port R/ commanicates with

the adjacent or outer end of the main or cen-

ter cylinder, A, by a passage, ¢°%. The port 1’
makes exit from the adjacent or outer end
of the side cylinder B3 by a passage, f3, and

the port H* makes exit from the adjacent or .

outer end of the center cylinder, A, by a pas-
sage,-¢. Tach valve of the entire series is

lowered (when permitted to do so by the re-

cession ot its actuating-cam) by a coiled spring;
I?, which encirclesitsstem and exerts itsstress
between the top of the valve and the under
side of the cap-plate ¢, whicl constitutes a
guide- to the upper part of the stem of each
valve and serves to close the top or mouth of
a hollow boss, %%, erected upon the table D or
DY, the interior of this boss constituting an in-
dividual valve-chamber, and the various valve-
chambers thus provided communicating re-
spectively with the inlet and exhaust ports of
the engine, as hereinafter explained,

In orderto a clear understanding of the com-
plex arrangement of the valves and adjuncts
in this engine, I have shown the valve-cham-
ber of the valve K/ at n® and its stem at 2% of
the valve Q" at m®and its stem at w3, of the
valve G/ at 0% and. its stem at 20%, of the valve

" at p* and its stem at 28, of the valve U at
¢° and its stem at g7, of the valve R” at 2% and
its stem at 2% of the valve T at s and its
stem at o', and of the valve H* at # and its
stem at %,
individual valve-chambers are to be supplied
with steam from a common supply-pipe, as
shown in Figs. 1,4, and 6 of thedrawings. As
before stated, each valve islowered and closed
by the funetion of a spring, and to raise and
open the various valves I proceed as follows:
With each valve I employ a horizontal lever,
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¢*, arranged transversely of the table D or D’
and pivoted at its base to the top of a post,
@4, erected upon said table to one side of the
latter, these levers being arranged necessarily
alternately in opposite directions,and the nose
of each extending through an eye or guide, ¢,
formed upon or secured to the top of each
valve-stem. The center of each lever ¢! car-
ries an anti-friction bowl, /%, to bear upon the
periphery of the cam below it. The various
cams for operating the levers ¢* are of equal
capacity, but differentially disposed, and are
secured to 4 common horizontal shaft, g% lo-
cated longitudinally and centrally over the
main e¢ylinder A, and mounted in bearings or
brackets &4, secured to the outer ends of said
ceylinder, continuous rotary motion in one di-
rection being imparted to this shaft by means
hereinafter explained, and it being journaled
in its bearings in such manner as to be sus-
ceptible of short end wise movementsor “shug.”
To shug the shaft ¢* I employ an upright
reversing-lever or shipper, (shown at ¢in the
drawings,) which is pivoted at its lower end to
the top of the main cylinder-A, and carries up-
on one side a sliding bolt, 44, for locking it 1n
position, thelower end of which bolt operates
with two notches, &* 4, created in the upper
edge of a sectoral plate, m*, secured to or form-
ing the upper part of a vertical post, n*, erect-
ed also upon the top of the cylinder A and
alongside the lever ¢, a suitable hand-latch, 0%
being pivoted to the upper end or handle of
the lever ¢, to control the movements of the
bolt, after the manner of reversing-levers of lo-
comotive-engines. .
The series of cams for operating the valve-
levers and valves when the vessel is to be pro-
pelled ahead are as follows: the cam for op-
erating the valve GG’/ at J* and for operating
the valve 8 at X/. The inlet-valve U is com-
pelled to remain closed by its spring during
the entire time the vessel is being propelled
aibead, and to accomplish this I employ, in
place of an active cam, a concentric circular
disk or liead, U?, which I term a “duommy,’
since its action upon the valve-lever does not
fluctnate, the diameter of this dummy being
equal to or preferably slightly less than the
smaller diameter of & cam, in order to haveno
effeet in lifting a valve-lever. The cam for op-
erating the valve R/ is shown at R%. Thevalve
T is compelled to remain full open against the
stress of its spring during the time the vessel
is driven ahead, and to effect this I employ,in
place of an active eam,a concentric circular
disk or dummy, Y’, the diameter of which is
equal to or preferably slightly greater thau the
The cam
for operating the valve H is shown at 1.
The cams that come iuto use when the shaft
is shugged, preparatory to backing the veisel,
are as follows, (see Figs.2and 14:) The cawm for
operating the valve Q" is shown at E‘as formed
upon or secured to the opposite end of the hub
ES, whichis common to it and the cam P’. The
valve K is compelled to remain closed during

the entire time of backing the vessel, and for
this purpose no cam is employed to act upon its
lever, but in place of the cam a dummy or con-
centric circular head ordisk, C%,is formed npon
the opposite end of .the hub I'%,which contains
the cam J/, which dummy C?, as its diameter
is less than the smallest diameter of a cam,
has no effect to raise the valve, ThevalveG”
is operated by a cam, K, secured to or formed
upon the end of the hub G° which carries the.
cam J4 The valve 8" is compelled to remain
open duringthetime the vessel is being backed
by the employmentof a second dummy or con-
centric cireular disk or head, D4, formed npon
or secured to the opposite end of the hub H?,
which contains the cam X/, the diameter of
this dammy D* being eqnal to or somewhat
greater than the largest diameter of a-cam.
The valve U’ is operated by the cam A% se-
cured. to or formed upon the hab I5, which car-
riesthe dummy U?, before explained. Thevalve
R is operated by the cam F¢ secured to the
opposite end of the hub J% which carrigs the
cam R3. The valve T is operated by the cawn
B¢, secured to the opposite or inner end of the
hub K5, which carries the large dummy Y’;
and the valve H* is operated by the cam 1%
formed npon or secured to the opposite or in-
ner end of thelubL?, which carries thecam L.

When the vessel is to be driven ahead the
shaft ¢g* and the cams carried by it stand in
the relative positions shown in I'igs 2, 4, 5, 6,
7, 8,9, 10, and 11 of the drawings—that is, in
their extreme inward positions—in which case
the cams J‘, X/, P/, J% L% and R* and the
dummies Y’ U? are brought into action. When
the vessel is to be backed the lever or shipper
4t is to be reversed and the cam-shatt and its
cams brought to their extrenre onter positions,
in which case the cams K4 K, I#, I, B4 and
Atand the donmmies C* D?* are brought into
use.

The center eylinder and the side eylinders
are of equal length, but are not arranged in
the same plane longitudinally—that . is, the
center cyliudersstands in advance of the side
cylinders a distance equal to that necessary
for either the center or side pistons to travel
in order to open or close the vanes of the pro-
peller, for the reason, as before stated, that
the pistons of the side cylinders continue to
advance in the act of closing the blades ds the
propeller completes its outgoing stroke (when
the vessel is driven forward) after the piston
of the eenter cylinder has completed its trav-
erse, whereas in the act of backing the vessel
the center piston continues on as the propeller
completes its inward traverse to close the
vanes after the pistons of the side cylinders
bave completed their strokes. I prefer, for
convenience of construction and neatness and
compactness in appearance, that the three cyl-
inders shall outwardly present an appearance
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of equal length, and to this end I close up the -

outer or rear end of the main cylinder and the

inuer or front ends of the side e¢ylinders, as -

shown at p*and ¢, respectively, (see Fig. 12;)
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=i inovements of - the pistons into continuous ro-
"mry motion in one direction of the cam- shaft
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bub these spaces between the outward bonnd
ary of ‘the center cylinder and ‘the inner
boundaries of the'side cylinders are of greater
length than is necessary to permit of the con-
tinued movements of the piston named, in or-
der to allow a cushion of live stéam to be in-
troduced between each piston as ‘it completes
its stroke and  the respective head of its eyl-
My-objeet in employing this cushion
of steam is to aid in absorbing or lessening
the strain and thrusts' upon the engine inci-
dent to the arrest and reversal.of the strokes
of the pistons in the absence of a crank-mo-
tion.

To convert or transform the reciprocating

U T proceed as follows:

20

M?3in the drawings denotes a narrow flat bar
or shaft of aniform thickness and width and
of ‘a length fully eqnal to the extreme length

- of the stroke of the pistons, this bar, which is

25

‘in effect a rock-shaft, being journaled at each

end in the bearings or standards G C8, before
alluded to, and being parallel with the three
piston-rods and to one side of the center rod,
C, this bar or shaft M® being given a twist of

' ~one-half a turn in its effective length.
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‘Upon the top of the cross hefui e, I erect a
block *or head, N% which has a longitudinal
horizontal passage, 0%, toreceive securely the
bar M?®; and it is obvions that, as the block N°
fo]lows the movementsof thecross-head ¢ dar-
ing the’reciprocations of the latter, it will im-
part alternating intermittent torsive or rock-
ing motions to the bar M’ upon its journals to
the extent in each direction of a half-turn, or
one hundred and eighty degrees of a circle.
Moreover, to the inner end or journal, D?, of
the spiral rock-shaft M®, I secare a spur-gear,
(% and I inclose -the adjacent end or journal
E7 of the cam-shaft gin a sleeve or tubular

'shaft, C¥, which is sec¢ured to such shaft, and

I mount loosely upon the outer end of this
sleeve C° two spur-gears, A% A, each of
whieh operates upon or takes hold of the
sleeve at-times by a spring-impelled: dog, m!,
or n,* (see Figs. 20, 21, and 22,) plvoted at one

~end to the gear and (,outdmed in a pocket in
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the end of such gear, as shown at 0%, the nose
of each dog taking into or opera-ting with oue
of two notches, . p*and ¢4, in the periphery of
the sleeve or a swell or hub, ¢5, of said sleeve,
these dogs taking hold of and acting npon the
sleeves in the samedirection through the gears
carrying them advance intermitténtly in op-
posite directions. The dogs m* n*and the
notches pt ¢* are arranged diametrically oppo-
site each other, and each gear A® and AY
advances intermittently a half-revolution with
each half-turn of the rock-shaft; and to effect
these alternating semi-rotations in opposive
directions of the said gears A% A, T proceed
as follows: The teeth of the driver C° extend
preferably, though not necessarily, entirely
across its face. -The gear A® engages and is
driven by the said gear C’; and in order that

the inner adjacent ends of the gears A® AW
may stand closely together, I 1emovefhe teeth
from the outer half of the gear AS and as it
is essential that the gear A shall 1ot engage
the gear C°, T also remove the teeth from the
inner half of the said gear AY, and I dispose
the outer half of the latter to one side of the
said gear C° Furthermore, the gear C° en-
gages and drives an intermediate spur-gear,
D% which is pivoted to a bearing, E°, in rear
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of the'said driver ¢, and this intermediate D° -

in turn engages and drives the gear A¥. The
sleeve  C! has a flange or shoulder, 74, upon
its inner end, to bear.against the adjacent end
of the bearing or bracket A* of the center
cylinder, whilethe onter gear, A, is prevented
from slipping off the sleeve CY by a screw
passing through a washer, s*, overlapping its
outer end and screwing into the end of the
said sleeve. The gear A%is retained in place
Ly the bearing 2* upon one side and the end
of the swell ¢’ of the sleeve Cl° upon the other.
‘With each traverse of the cross-bead ¢ in-
ward, as shown by its arrow 1, (see Fig.13,)
the reader being supposed to face the outer
ends of the propeller, the rock-shaft M® is
rocked to the extent of one-half turn to the left,
which necessarily rotates the gear C°to the left
an equal distance, or balf-turn, and this semi-ro-
tation of the gear (P rotates the gear A%to the
right also a half-tarn. As the gear A°thus de-
sceribes a semi-rotation its dog m* takes hold
upon the sleeve C? and rotates the latter also a

half-turn to the right, and this imparts a semi--

rotation in the same direction to the cam-shaft.
As the gear A® advances and rotates the cam-

shaft, as last stated, the gear A, by reason of

the intermediate D?, is driven a half-turnin the
opposite direction, or to the left, and its dog
slips over the periphery of the sleeve C' with-
out effect upon the latter—that is to say, the
gear A% and its dog retreat in readiness to act
in their turn upon the sleeve to advance the
cam - shaft a half-revolution. upon the return
or outgoing traverse of the cross-head ¢. As
the cross-head ¢ returns—that is, executes its
oufgoing stroke—the gear A°is idle,and the
gear ‘A is active; in other words, the rock-
shaft is rocked or rotated a half-turn to the
right, the gear C® a half-turn in the same di-

rection, and the gear A'°, by means of the in-

termediate D% is rotated a half-turn to the

right, and its dog »* takes hold apon the sleeve.

C" and advanees the latter and the cam-shaft
a half-turn to the right, or in the same direc-
tion as driven by the gear AY at first, the said
gear A® doring the active advance of the gear
A, as last stated, returning or retreating to
the left, in readiness to again take hold of the
sleeve upon the ingoing of the cross-head.

The alternating semi- rotatlous of the gears A®
A and their dog‘s thus become coutinuous,
and the cam -shatt is rotated continuously in
one direction so long as the cross-head ¢ re-
ciprocates. The cross-head ¢, spiral rock-shaft
Mo, gears C°, A%, A, and D® aud dogs m* nt
constitute, in effect, a simple and effective
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double-treadle motion, whereby the reciproca-
tionsof the pistons of the engine are converted
into continuous rotations of the cam-shaft.
To absorb or relieve to some extent the
shocks and thrusts consequent upon the arrest
of the momentum and the reversal of the stroke
of the pistous, in the absence of a crank-mo-

- tion, I employ ¢ dash-pots” of ordinary con-
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-vessel is driving ahead by its dummy 2.

struction, which I provide in the present in:
stance by ereating a pocket, s%, in each stand-
ard C7 C® and adapting the ends of the cross-
head ¢ to enter and fill these pockets with an
air-tight joint. The dash-pots operate as with
suchdevicesin general. Astheendof thecross-
head completesits traversein one orthe other
direction and enters the pocket the air in the
latter is compressed with greater or less power,
according to the distance the cross-head pene-
trates, and offers a resistance to the cross-head,
thereby cushioning the cross-head and absorb-
ing to a great extent the shock and concussion
which would otherwise ensue upon its arrest
and reversal. I'or similar reasous, I add a
dash-pot to the interior of the cross-head ¢ by
adding to the inner end of the shaft a a plun-
ger, 1%, adapted to closely fill the outer end of
the said cross-head. This dash-pot aids to ab-
sorb or relieve the thrust consequent upon the
resistance of the water to the propeller, as the
propeller executes its outgoing traverse and
its blades unfold. .

The operation of this engine and propeller
is as follows, premising the description by the
statement that the pistons and the valves and
their operative cams are in the relative posi-
tions shown in the drawings, with the excep-

‘tion of valve K”, which isshown as closed, but

is to be open, and the intention being to propel
the vessel alead: Both the main piston and
auxiliary pistons are at their extreme positions
at the inner or front ends of their respective
cylinders, as shown in Fig. 2 of the drawings.
The inlet-valve K” is to be open by the shortest
side or diameter of its cam-J’ being uppermost
and permitting the spring of said valve to hold
it closed npon its seat. ThevalveQ”is closed,
andsoon toopen, as theshortest of its cams, P/,
is nppermost. Valve S is closed as the short-
est diameter of its cam X’ is uppermost, the
valve U’ being permanently closed while the
The
exhaust-valve T* is held permaneuntly open
while driving ahead by its dummy Y’. The
valve R is closed by the smallest side of its
cam R?coming uppermost. The exhaust-valve
H"” is open by the superior side of its cam L#,
and, finally, the exhaust-valve G*is closed by
the smallest side of its cam J* -The propeller
is closed and necessarily stands at its extreme
inner position. Steam, beinglet on; enters the
inner end of the main cylinder A through the
passage I/ and starts the piston B of this cyl-
inderoutward, or in the direction of its arrow
1, at same time putting the cam-shaft in rota-
tion until the blades of the propeller are near-
ly open, at which point the said piston B ar-
rives opposite the pistons T I3/ of the side

cylinders, B2 B3, (though this exact relation of
these is not important,) and the cam T’ pre-
sents its longest diameter uppermost and
opens the inlet-valve Q”, and live steam is ad-
mitted to the adjacent or inner ends of the
side cylinders throngh the passage Q° and the
three pistons traverse their respective eylin-
ders in company until the end of the outward
traverse of the center piston is about reached,
when the inlet-valve K’ closes by the smallest
side of its cam J’ and the inlet-valve R’ is
opened by the superior side of its cam R?, and
live steam is admitted to the outer end of the
center cylinder, A, in advance of its piston B
to cushion the latter., . The valve K’/ renains
closed until the pistons I8 I’ complete their
strokes and theblades of the propeller are fully
closed,:(owing to the momentum of the pro-
peller and its adjunets and the superior area
of the two side pistons which together oper-

-ate to overcome the pressure of live steam
.upon the center piston admitted through the -

port R/, just opened,) it being understood that
during this outward traverse of the propelier
the completion of the opening of its blades has
been effected gradually and quietly by the re-

" sistance of the water, without shock or strain

to the vessel or machinery, and by the dash-
pot in the cross-head ¢; and it being also un-
derstood that while the pistons are executing
these traverses in company the center eylin-
deris exhausting from the port H* by way of its
passage ¢° and the side eylinders from the port
T'by way of the passage f° from the eylinder B2,

Simultaneous with the completion of the
traverses of the side pistons last explained
and the opening of the valve R” the exhaust-
valve S/ of the center cylinder opens (by the
longest side of its camX’ acting upon and rais-
ing the lever of such valve S) in readiness to
permit of exit of exbaust-steam from this end
of said center cylinder by way of the passage
b
its cam P’ simultaneously with the opening of
the exhaust-valve 3 and the inlet-valve K/,
while with the closing of the valve Q” the ex-
haust-valve G*opens by the superior side of
its cam J* acting upon its lever. - The propel-
ler now stands at its outward extreme with
its blades closed. - The propeller now returns
in its folded state as follows:. The main piston
B moves inward by steam admitted to the
outer end of the center cylinder by the port
R”, opened as last explained, (the valve U”,
as stated, remaining permanently closed and
the tendency to a vacuum in the sidé cylinders
being relieved by the exhaust-port T’ of the
cylinder B3, which, as stated, is also perma-
nently open, while the vessel is being pro-
pelled ahead,) and completes its stroke, carry-
ing with it in the same direction, by means
of the yoke V7, the side pistonsand their rods,
such pistons being passive for the reason that
the valve U’ is closed, as stated, for the pur-
pose of preventing premature opening of the
propeller and the tendeney to.a vacuam in the
side cylinders being. relieved by the open ex-

The valve Q" closes by the lesser side of-
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haast-port T/ of the eylinder B% As the three
pistons complete their strokesin company,the
center cylinder exhausts by way of its passage
b®and port 8/, and we are brought to our start-
ing-point. . Now, to back the vessel, supposing
the ports, valves, and cams to be in the posi-
tions first assnmed, and as shown in Fig. 12
of the drawings, the engineer seizes the re-

_versing lever or shipper i* and reverses its

position. and shugs the cam-shaft ¢, thereby
throwing the cams J/, X/, P/, J%, 14, and RE,
and duommies Y’ and U2 out of actlon and
bringing into action the opposite cams, B¢, K¢,
I4, F4, B, and A% and dummies C* and D4
the dummles Y’ and U? being replaced by the

cams A* B* and the cams J/ X/ by the dum-
mies C* D4, while the cams R® P/ are replaced
by the cams E* F*, and the cam J* by the cam
K%, and the cam L* by the cam 14  In this
chmge of cams the valves stand in the follow-
ing positions: The valve K’ is closed by its
dummy C*, and remains closed while the ves-
el is bdbk@d The valve Q is closed as be-
fore. The valve 8% is held full open, and re-
mains open while backing by the dummy DA,
The valve U” is closed by the smaller side of
its cam A* being nppermost. The valve G/ is
closed by the lessersideof itscam K*coming up-
permost. The exhaust-valve T/ opens by the
longestsideof its cam B* beinguppermost. The
valve H'’opens by thesuperior side of its cam I
being uppermost. The live-valve R/ is closed
by the shortest side of its cam F*being upper-
most. The steam being let on or already on, the
inlet-valve Q" opeus by the largest side of its
cam E!coming uppermost, and steam is ad-
mitted to the inner,ends of the side cylinders
by the port Q' and passage Q5 (it being re-
membered that these two eylinders are in free
(,ommumcatlon,) and impels the pistons B B/
outward, carrying with them by meauns of the
yoke V! the center piston, B, which is at this
time idle, owing to the fact thab its valve K,
as before stated is closed. by its dummy 04
and remains thus closed while the vessel is
backing to prevent premature opening of the
blade of the propeller, the tendency to a vac-

unm in the cylinder A being relieved Ly the.

exhaust-port 3, which, as Defore stated, re-
mains open by 1ts dummy D+ during the tlme
The pistons B.and B
Ii7 travel together, as stated, until they reach
the extreme of thelr outw ard traverse, the side
cylinders meanwhile exhausting ﬁom the cyl-
inder B3 through ifs passage f*and port T/,
when the inlet-valve QY closes by the reces-
sion of its cam E*and cuts off steam to the side
cylinders, while simultaneous therewith the

- valve U’ opens by the superior side of its cam
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A*to admit steam to the side eylinders.through
the port U”and passage d°. The exhaust-port
G* also opens by the superior side of ‘its cam
K¢, and the exhaust-valve T closes by the re-
eedmO‘ of its.eam BY and the.side pistons be-
gin and continue their return or inward active
%hol\e for a short distance until the propeller-
blades are full open, when the yoke V* takes

~¥

d of the cross-head ¢ and the inlet R’ is
opened by the superior side of its cam F*, and
the exhanst-valve H” closes by the recuhng of
its cam 1%, and the three pistons move inward
in concert,carrying with them the open propel-

ler, until the side 1)1stons reach the extremes

of their strokes in this direction, (the side ¢yl-
inders meanwhile exhansting irom the eylin-
der B® through their common passage, % and
port G+) when the inlet-valve U’ closis bs the
teoedmg of its cam A*and steam is cut off
from this end of the side eylinders, and simul-
taneous therewith the exhaust-valve T opens
by the ascent of the longest side of its cam B*
and the valve Q opens by the ascent of the
superior side of its cam E4 and steam is ad-
mitted to the inner ends of the side cylinder:.
Each cam of the series is of like form and

_construction, and is constitnted as follows,
(see Figs. 15,16, 17, and 23:) A cirenlar bub, .
_«®, is employed, w hlGh is secured to the shaft,

g* by a set- serew or otherwise, in order that it
may be changed.in positinn axially u pon such
shaft, it necessary ; and the said habis pre’rm
ably formed in halves, in order that the posi-
tion of one cam may be changed upon the hnb
with respect to the eam upon the opposite end.

One of the cams, as an illustration, is shdwn

at ° in the drawings as a flat plate having a
circular concentric opening to inclose a shoul-
deruponthehub,and is to besecured tothe hub
by a set-screw or otherwise. Moreover, with
each cam I employ a cut off, which is a thin,
flat plate, v°, inclosing an eccentrie shoulder
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upon the end of the hub, and adjustable upon -

such shoulder with respect to the cam, a set-
screw passing through a slot, 0%, in such cut-
off, and screwing into the end of the hub,
serving to hold the cut-off rigidly to the hul
when its position upon the latter is determined.
The cut-off v° is segmental in form, and its
longest diameter or portion 2°, which is immedi-
arely in rear of the swell of ‘the cam, serves to
hold open a valve the requisite Iength of time.
By changing the position of the eut-off with
respect to the cam the admission of steam to
the cylinders is cut off at any desired point in
the strokes of the pistons.

By the employment of two auxiliary cylin-
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ders and pistous-operating upon each side the -

main cylinder and connecting the rods of
said eylinders by a yoke secared to the shalt
which operates the edges of the propeller-
blades, as stated, I am enabled to exert the

~power of the aux1|mrv piston equally upon op-

posite sides of the propell_er shaft, thereby ob-

.viating one objection found in my patented

propeller before named—that is, the one-sided
or unequal direction ofthe effort of the engine
when transmitting power throngh the medinm

.of such side cylinders to open the propeller-

blades at the beginning of the. active stroke

when backing the vessel, when but one side or’

auxiliary eylinderis employed.. It is for this

reason I employ two auxiliary cylinders, situ-
ated upon opposite sides of the main eylinder;
bat these twoeylinders arein effect one, as they
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have free intercommunication, and one of them
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could be omitted and the wholeapparatus would
be operative, theonly changenecessary being to
group all the ports in one cylinder. The em-
ployment of two auxiliary eylinders carries the
entire device to a poinf of extreme perfection;
hut since one alone may be employed without
invalidating the operation of the propeller I

.do not restrict myself to the arbitrary use of

two. So, also, with regard to the blades of the
propeller, T have described a pair; but it is
evident that one alone may be employed with-
out calling in the skill of an experienced me-
chanie to make the change. In fact, in prac-
tice I shall probably use but one blade and em-
ploy a pair of propellers reciprocating alter-
nately. '

Owing to the absence of the-dead-pointof a
crank-motion or other indirect connection be-
tween the cylinders and propeller, the pressure
of steam upon the latter is in my system con-
stant and uniform. Hence when the momen-
tam of the vessel is augmented during the act-
ive stroke of the propeller the momentum or
speed of the Jatterincreases in proportion with
that of the vessel, and therefore exerts a uni-
form power during its entire stroke.

ybringing the combined power of the three
cylinders into action to drive the propeller in
its active stroke and but a portion of them on
the return or idle stroke, I economize steam
and avoid much of the shock resulting from
the overcoming of the inertia in reversing the
stroke of the propeller.

An obvious modification of the details of my
mechanism, involving no invention, would be
to connect the piston-rod of the main eylinder

‘with the edges of the vanes and the rods of

the side eylinders with the bases or hinge of
such vanes,

I claim— o

1. In combination with a folding propeller
blade or blades, a ¢ylinder-piston and piston-
rod operating on the hinge of the blade or
blades, an auxiliary eylinder-piston and pis-
ton-rod,-or more than one, acting on the outer
part of the blade or blades, and valves and
mechanism whereby the motion of the piston-
rod attached to the hinge of the blade or blades
is caused to stop before that of the rod or rods
attached to the outer part of each blade, in or-
der that the bladeor blades may befully closed
before the return-stroke begiuns.

2. In combination with a folding propetler
blade or blades, a cylinder-piston and piston-
rod operating on the hinge of the blade or
blades, an auxiliary cylinder-piston and pis-
ton-rod, or more than one, acting on the onter
partof each blade, and valves and mechanism
whereby the rod attached to the hinge is first
caused to advance to partly open the propel-
ler blade or blades, and then both the rods or
all the rods are cansed to advance together, in
order that the opening of said blade or blades
may be effected gently by the vressure of the
water and the shock of sudden forcible open-
ing avoided, substantially as set forth.

3. The combination, with a propeller com-
posed of one or more folding vanes, operated
by a main and one or more auxiliary steam-cy1-
inders, pistous, and valves to expand on the
active stroke and close on the return, and the
various ports and valves of said eylinders, of
two sets of cams and passive hubs for control-
ling the positions of the valves, these cams
and hubs being carried by a common rotary
shaft susceptible of end shug, and one set of
cams and. hubs being brought into use when
the vessel is driven ahead and the other when
the vessel is backed. '

4. In propellers for navigable vessels, com-
posed of one or more folding vanes adapted
t> expand on the active stroke and close on
the return, and operated in these movements
by two steam-cylinders and pistons, the rod of
one of which is connected with the outer edge
of the vane and the other with the hinge of
such vane, substantially as explained, and the
arrangement of the various ports and valves
of the conjoint cylinders, substantially as speci-
fied and shown, whereby live steam is admit-
ted to the inner ends of the auxiliary eylinders
in front of their pistons to cushion the latter
as they reverse their motion.

5. In propellers for navigable vessels, com-

‘posed of one or more folding blades expand-

ing on the active stroke and folding on the re-
turn, and operated in these movements by
main and duxiliary steam-cylinders, pistons,
and rods, the combination, with the various
valves and ports of the cylinders, and operat-
ing such valves, of two series of cams secured
to a single shaft which has provisions for end
shug, one set of such cams actuating the valves
to drive the vessel ahead and the other to back
the vessel, and both actuated by a suitable
hand-lever which controls the endwise adjust-
ment or shug of the shaft,

6. In reciprocating propellers for navigable
vessels, main and auxiliary cylinders, (one
main and one or two auxiliary,) and pistons
and rods, in combination with the propeller-
blades hinged at their inner edges, the piston-
rod of the main eylinder-being connected with
the hinge of the blades and the rods of the anx-
iliary pistons being secured to opposite ends
of a yoke which intersects the main piston-rod

and is connected with the rod which actuates-

the outer edges of the blades.

7. The combination, with a propeller com-
posed of one or more folding blad(s or vanes
adapted to expand on the active stroke and
fold on the returu,of two steam-cylinders with
their pistons and rods, and arranged upon op-
posite sides of the first, the piston-rod of one
cylinder being connected in direct line with
the propeller-shaft and the other with the
shaft which actuates the vanes by an inter-
mediate or bar, which intercepts the piston-
rod of the first in such manner that the com-
bined power of the two auaxiliary pistons is
exerted equally npon opposite sides of the
latter-named shaft. .

8. In combination with a folding propeller
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blade or bhde@, a main steam- cy]mder, two
auxiliary steam:-cylinders, and the pistonsand
piston-rods of these three eylinders, the two
auxiliary cylinders operating together,and all
the rods being connected to the vanes.

9. The combination, with a reciprocating
propeller for navigable vessels, composed of
a pair of folding blades adapted to expand on
the active stroke and fold on the return, of a
ain central cylinder and a pair of auxiliary
intercommunicating cylinders disposed upon
opposite sides of it, the combined eapacity of
the two aunxiliary cylinders exceeding that of
the main cylinder, for purposes stated.

10. In propellers for navigable vessels, com-
posed of one or more folding blades adapted to
expand on the active stroké and close on the
return, and operated by two or moresteam-cyl-

inders, with their respective pistons and rods,

as stated, the combination, with the various

"valves-aud ports of said cylinders, of eircular

hubs for. operating upon a portion of said
valves and active cams operating upon others
of said valves, .
11. In combination with the vane or vanes
of a propeller, and as a means of converting
the rectilinear reciprocating movements of the
piston-rods into continuous rotary motion of
the cam-shaft, the spiral rock-shaft playing
within and rocked by the cross-head of one
piston-rod, and connected with the cam-shaft

by two alternately-operating gears carrying

spring-impelled pallets or dogs to take hold of -

and advance such shaft.
12, In combination with propeller-blades

and cylinders, pistons, and piston-rods oper-

ating said Llades, as stated, a shaft and set of
cams for operating the valves and ports of
said eylinders, each cam being adjustably at-
tached to a hub secured to the said shaft,sub-
stantially asset forth.

13, In'combination with the propeller-blades
and the cylinders, pistons, and piston-rods
whereby they are operated, a set of cylinder-
valves, valve-rods, operating-levers, and a
shaft carrying eains which actuate said levers,
substantially as set forth. :

14. In combination with a pair of fommg
propeller blades or vanes, three cylinders,
with their pistons, piston-rods, and valves,
and mechanism whereby the motion of the
piston-rod attached to the hinge of the blades
is caunsed to stop before the rods attached to
the outer edges of the Dblades, in order that
the blades may be fully closed bLefore the re-
turn-stroke begins.

In testimony whereof I affix my signature in
presence of two witnesses.

_ RICHARD SMITH.

Witnesses:

H. E. LopGE,
F. CURTIS.
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