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UNITED STATES

PaTeENnT OFFICE.

ELIJAH B. BENHAM, OF MYSTIC, CONNECTICUT.

MULTIPLE-CYLINDER MOTOR.

SPECIFICATION forming part of Letters Patent No. 539,026, dated May 14, 1895.
Application filed May 7, 1894. Serial No. 510,361, .(No model.)

To all whom it may concerw:
Be it known that I, ELIJAH B, BENHAM, a
citizen of the United States, residing at Mys-
tie, in.the county of New London and State
of Connecticut, have invented new and useful
Improvements in Multiple-Cylinder Motors,
of which the following is a specification.
This invention relates to improvements in

multiple ¢ylinder motors of a kind which are.

to be operated through the agency of an ex-
pansive agent, as carbonic acid gas, or steam
which may be successively introduced into
the piston cylinders of the motor.

The invention more particularly relates to
the multiple eylinder motor having novel
valve mechanism for governing both the press-
ure and exhaust ports, and the invention con-
sists in combinations, or arrangements, of de-
vices, and parts, and of the constructlon of
certain of the devices, or parts, all substan-
tially as will be hereinafter fully deseribed
and set forth in the claims.

Reference is to be had to the aceompanying
drawings, in which— :

Figure 1 is a plan view of the motor. Fig.
2isa sule elevation of the same. Fig.3isa
horizontal section taken about on the line
3 3, Fig. 2, which is coincident with the hori-
zontally movable exhaust-valves. Pigs. 32, 3%,
3¢, and 3% are plan views, somewhat enlal wed
111ust1at1nv the relative positions of the fom
exhaust- valves and their actuating mechan-
ismn at an instant when the pistonsare in their
relative positions, as seen in Fig.3. Fig.41is
a vertical section on line 4 4, I‘i@ 1, eentrally
through one of the valve-cases and thr01wh a
pmtlon of one of the cylinders, showing “the
valves for the pressure and exhaust ports for
such eylinder, while Fig. 5 is a horizontal sec-
tion about on line 5 5, Fig. 4, for showing the
valve and a portion of its operating devices
for the pressure-port for one cyhnder Fig.
6 is a perspective view of parts detached——
namely, one of the valves for an exhaust-port
and its closing-spring and portions of the
valve - operat1n<r device which are applied
next to said valve. Fig. 7 is a plan view-on
alarge scale, showing & portlon of the control-

. ling mechamsm for the pressure-valves as in

50

a posmon to effect the stoppage of the mctor.

Fig. 8 is.a similar plan view to Fig. 7, but’

showing the mechanism as in a position to in-
sure the running of the motor. Fig. 9 is a
sectional view of a. part in detail to be here-
inafter referred to.

Similar characters of referenceindicate cor-
responding parts in all of the views.

The motor comprises an annular body, A,

with a series, say four, of radial eylinders, B,
opening to the interior of the said body and
having the outwardly closing heads, C, at
which are provided valve casings, D, for ‘the
valves, a, which admit, at the proper perlods
orinstants, the motor ﬂuld into the outer ends
of the eylinders against the pistons, E, thereof,
to which pistons.are connected the pitman
rols, b, which all engage the common crank-
pin, d, carried by the crank-arm, or crank-
disk, F of the main-shaft, G, whlchls mouanted
in sultable bearings ax1ally within the annu-
lar motor body.

The valve casings, D, at the outer ends of
thie cylinders, are of a generally eylindrical,
or semi-cylindrical form being cast, or pro-
dueed, integrally with the cylinder heads, and
standing axially at right angles to the length
of the c¢ylinders, and each comprises an up-
per, closed compartment, f, and a lower pas-
sage, ¢.

The upper compartments, £, of the four
valve casings constitute the pressure cham-

_bers for the respective cylinders and they are,

by pipes, /% connected, the one with another,
so that they may all contain, at all times, the
motor fluid derived from the supplv whatever
and wherever such may be. Thére is no con-
nection between each upper compartment, f,
and the lower exhaust passage, g, next there-
to, except by way of the eylinder.

There is a port, A, leading from each com-
partment, f, through the wall which formsthe
cylinder head, into the e¢ylinder, which port
is elosed by the valve, a, formed at the one
end of a bar, or valve-stem, a? which is adapt-
ed to slide across the bottom ‘of the compart-
ment {o carry the valve-end, a, away from its
seat within the walls of said port. Each
valve-stem, a?,in opening longitudinally and
radially outward, moves against its spring
a’, which spring insures the closing of the
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Each pressure port, 1, as seen in Figs. 4
and 5 is, between the compartment, f, and the
cylinder chamber, in the form of a cylmdmcal
hole with an outwaldly flaring orifice, while
the valve at the end of the valve stem is ex-
teriorly of a form to fit the said port. The
valve has, however, the axial hole, a5, extend-
ing from it§ end tovvard the cylmder and
which leads to the side of the valve by the
branch, a’
branch is just inside of the flaring orifice of
the port so that of course the gasis admitted
to the cylinder the instant the valve has be-
gun its opening movement. Thi§ construec-
tion of valve has been found especially ad-
vantageous in this class of motor, in that it
will notleak after protractéd use,atid becatise
the port really forms the guide for the move:
ment of the valve. The valve:stem is moved
toopenthrongh meansof tlie rotational’'move-
ment of a'valve-operdting shaft, H, which ex-
tends from within alowel end! bearmfrmthm
thie base of the said pressure chamber, axially

through a stuffing-box, f/,in its top, and in &

dneetlon at rlght angles to the léngth of tle
valve-stéem. This shaft, H, hag'at its portiott
whieh is within’ the compartment fya cam
projection, 2/, which impinges against'a'suit-
able shoulder here shown as’ constltuted by
the hardened block, o?, on’the valveistim, so
that when the shaft is partlally tarned,-its
projection will force the valveistem and wise
to open.

As'seen in Figs. 4 and 5, the shaft, H) has
its lower extlemlt), o very much attenuated
so as'to pass fr eely down through' the longi-
tudinal slot, o, formed in' the nnddle of the
valve-stem, and down into the socket, f4 in
the base of the pressure (,ompartment J
The cam, 7/, at the side of the shaft; H, is
next dbOV@ the'said atténuated shaft extrem-
ity, ¢, and at the same level as thé shioulder-
block, a3, on the valve-stem, while above'this
cam, /i/, is the arm, ¢? to' constitute in its
abutment against the fixéd stud, 7% a means
for 1lm1tll]" the valve- 0pelatll.l°‘ shaft, in its
rotational movement to resume its normal po:
sition after having been moved to open the
valve and then released to close. Thereisan
exhaust-port, 4, leading through the end:clos-

"ing head of the cylmder at nrrht angles' to,

aud which communiecates with, the aforemen-
tioned exhaust passzwe, g. A valve, j, on, or
as a part of, a stem, 7% (mounted'in a sooket
which is wuhm the part -which' constitntes
the cylinder head and below the base of thé
pressure chamber, for aslide movement) holds
the exhaust-port closed aspring, 7% being ap*
plled to insure the closn re, except dS the Valve,

6o j,ispositively moved whlch isinsured periodi=
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cally’in proper time by reason of &' rotational
movement to the exhaust-valve- -operating-
shaft, J, which has a cam, or projection, %, at
its upper end which i 1mpm<reb against a'shoul-
der, 7% on the block, 5/, Wlneh is'under, and
has an engagement w1lh the valve-stem, 52
It will be seen that the solid base of the

When the valve is closed this
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valve-casing; D, is dulled as seen atj froni
the bottom ax1ally and palallel with the ex-
haust passage; g, to form the bearing for the
exhaust-valve- -operating-shaft, the e\:haust-
valve,j playingin a horizontal hole, or sock-
et, 43 wh1ch is a continuation of the exhaust-
p01t 2. Another hole, 57, igdrilled in the base
of each valve casing, D, upwardly from the
Jbottom, its pO“itiOll being outwardly beyond
the beaun(r holes, j5, for the bllaft J,and par-
allel thuewuh which hole, 77, intersects the
socket, %, for the exhaust valve-stem, and in
this hole, 7%, the aforesaid spring, 4% is set.
The flanged thimble, 45, is set within the rab-
eted mouth of the bearing hole for the shaft,
J,and overlies the lower end of the valve-cas-
ln"-base, being bolted or othertise attached,
and the inner upper end of this thinible, to-
gether with the'shoulder %’, on the shaft, J,
const1tute the means for tha support of said
shaft. The'upper cam-provided end of the
shaft J, terminatesbelow exliaust valve-stem,
7% 80 that the block; 5, whicli'is engaged w1th
the stem’may be acecoinimodated. Tlis block
is in the form' of a~ short' eylinder, with the
downwardly extendibg lug, 4%, also with up-
wardly projecting’ parallel ribs, 5% 5 to lie
against either side of the valve-stem to pre-
vent the rotation of the"block, and'it is also
provided with the axial upwaldly extending
stud, 5'° to enter the vextxcal transverse hole
7%, in the valve-stem; 52

The pressure’ valves are all held closed for
thegreéaterpartof the'time, they being quickly
opetied’ and closed'in'regiilar succession, so as
to admit the motor fluid into the eylinders,
properly, one aftet another.

The'instant which a pressure valveis open
relative to the time it remains closed is infi-
nitesimal, although each exhaust port is open,
of course, durmg the entire period of the ex-
haust of the eylinder at which it is provided.

The means for successively opening, for in-
stance, the préssure valves and which is de-
pendenton the rotation of the main shaft,
will be now deseribed. Upon the main shaft,
above the motor body, is dn eccentrie, L,
wlhiich rotates with the main shaft. Near the
outer periphery of the motor body are piv-
oted’levers, m, oneof each being midway be-
tweentwo of thecylinders. Connecting-rods,
n, are pivotally secured to' these levers, m,
and they havetheirinnerendsin engagement
with said eccentric, E, for denvmfr thereby
radial reciprocating movemenbs for. swinging
the aforesaid’ lévers. The swmgmwof thele-
vers,m, imparts swinging reciprocatory move-
ments to hook-rods; or pawls, M, which have
their inner ends pivoted to said levers, m.
Eacli of thess hooked rods is, at its hooked,
outer end, which is near a valve- -operating
shaft, H, plvoted to one end of a link, o,
mounted on a shiftable support, N, wheleby
thé arc through which' the hook-end will
swing will be' ploperly insured to give the
proper “lead” or opening movement to the
valve, or if desired through further means,
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to be hereinafter méntioned, to fail to engage
the projections of the valve-shafts whereupon
the motor will stop.

The hook-ends of the rods, M, each engage
a projection, or tooth, g, at the edge of a disk,
P, at the upper end of, and asa fixed part of,
the valve-operating- shaft H. The hook, in
its forward swing, acts as a pawl upon sald
edgewise pro;ectxon to effect the opening of
the valve, and then as the hook-pawlslips, or

-snaps off, past the said edgewise projection,

5

the shaft turns back to its original position
by reason of the clock spring, H? and the
valve, a, closes by reason of its spring, a’; and
the hook-rod, as it has its retracting move-
ments for the next engagement with the tooth,

" q, as occurs upon the continued turning of
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the eccentrie, is adapted to snap by the disk-
projection without effect thereupon. Thisis
by reason of the pin-and-slot connection seen
at-f, between the hook-rod, M and link, o,

\Whlch permits the lateral yleld of the rod

and of the provision of the spring, #, whlch
keeps the pawl-end of the rod upto its work.
The exhaust mechanism is operated. by
means, substantially as follows:—Each of the
exhaust valve-shafts, J, has a radial arm wu,
at itslower end which is connected by link,
with a lever-arm, v, which is on the vertical
rock-shaft, v2. Each of these rock-shafts, 7
in the motor which has been constructed asin
the arrangement here shown, constitutes the
pivotal support for the lever arms, m, hereto-
fore referred to as comprised in the pressure-
valve-operating mechanism, so thatthe single
eccentric, L, gives the respective motions, and
all in proper time, to the controlling mechan-
isms for both sets of valves, viz., pressure and
exhaust. _
The exhaust-valve-controlling connections
have their movements properly relatively to
the action of the pressure-valve-controlling-
mechanism by reason of the adjustment of
the levers, v and u, at the required angles to
the levers, m, all as may be readily per-
formed at the time of setting up the motor
80 that the exhaust of the cylinders is accu-
rately established at the correct intervals.
The aforementioned shiftable supports, N,
for one end of the links, o, to which the valve-
shaft-operating hook-rods, M, are connected,
consist, as to each, of a sleeve, or collar, 7,
loosely surrounding the valve - operating-
shaft and having the radial arm, or projec-
tion, 7%, on which the link is pivoted at 7%

This collar has another radial arm, 74 the

extremity of which is a sector-gear, 7% A
ring, Q,-with rack teeth on its periphery, en-
gages by such teeth, the sector gears form-
ing part of each of the shiftable supports.

The ringis mounted upon the flanged rollers,

3, which are journaled on studs of the mo-
tor body.

The turning of the rack-ring, as accom-
plished, for mstance, through means of the
rod, Q?, insures the placing “of the shiftable
supports, N, in such positions that the paths

of the hook-rods linked to said supports will
be variable, so that they will have, in their
reciprocatory swinging movements, longer or
shorter instants of engagement with the disk
projections, or under some positions into
which they are brought, no engagement at all.

Fig. 8 of the drawings shows the rack-ring
and the shiftable. support, N, which com-
prises the sector arm, as in the running posi-
tion,—so that each thrust of the hook-rod, M,

‘will engage the tooth, ¢, and effect the par-

tial .rotation of shaft, H. Fig. 7 shows the
shiftable support, N, as moved by means of
the rack-ring, so that the arm, 7%,—which
earries the pivot, 7% to which one end of the
link, o, is hung,—is swung to such a posi-
tion that the hooked end of.the rod, M, is
constrained to have its reciprocatory move-
ment in a path which is free and clear from
the tooth, g. Hence the pressure-valves will
not be opened and the motor will stop.

Now it will be perceived that on the hub-
like extremity of each link,o, is a projection,
w, which ¢onstitutes, in substance, a pawl,
and on the disk, P, of each valve-operating-
shaft, H, is a second tooth, s. Now, as seen,
for instance, in Fig. 8, when the connections
are in their engine running positions, or ar-
rangements, the tooth, s, of each valve-shaft-
disk is so far removed and free from the hub,
0% of thelink, o, that in the osecillations of the
hub its pawl, w, will not engage the tooth, s.
These oscillations of the hub pawls, w, when
the engine is running, are in ares generated
from the link pivots, 7%, and under any run-
ning adjustment or setting of the valve-con-
trolling connections, the pawls will never
have any engagement with the back teeth, s;
but after the engine has been stopped, by the
swinging of the shiftable supports, N, to po-
sitions as seen in Fig. 7, and it is desired to
again start up the engine, thering, Q,is moved
so far as not only to carry the shiftable sup-
ports back to their original positions, as seen

in Fig. 8, but a little beyond them; the hubs,

0% of the links are moved bodily with the
arms, 7%, of the shiftable supports in are-paths
generated from the axis of the valve shafts,
H, as centers and now the pawl, w, of one of
the link hubs, o, will have a forcing engage-
ment on the adjacent tooth, s, to open the
valve for that eylinder which is then properly
to take steam.

‘When it is remembered that the erank, d,
and eccentric, L, determine the. swang posi-
tions of the links, and therefore the oscilla-
tions, or partial revolutions of the pawls, w, it
will be perceived how it is that some of the

links, o, will be so swang that the pawl, w,

will be in a line so truly radial relative to the

-are of its swing from axis of shaft, I, as its

center, that it will engage the back-tooth, s,
of the valve-shaft corresponding to that par-
ticular cylinder which is to properly take
pressure, while other of the links will, by their

then swung posgitions, ecause their pawls, w, to’

assume positions inlines from pivots, 7% which
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so approach tangents to the ares generated
from the axes of the shafts, H, that in their
movementson and with the supports, N, they
will have no engagement with the adjacent
teeth, s. So soon as one, (or in some cases
two) of the pawls, w, engages and forces tooth,
s, around to give pressure to theshaft, and the
motor starts, the ring, Q, is quickly brought
back to an intermediate position,and the run-
ning continunes as before.

It is'possible, by a setting of the shiftable
supports, N, to have the reciprocatory move-
ments of the pawl-rods, M, on their forward
thrust constrained in such. paths that they
will fail to trip off from, or disengage, the
teeth, ¢, of valve-shaft-disks, P, whereupon,
comparatively, a very long period of opening
of each pressure:valve may be established.

It will be understood that during the run-
ning of the motor which hasbeen hereinabove
described, the systems of lever-arms, m, v, and
u, have regular swinging reciprocatory move-
ments and that the shafts, J, having at their
upper ends the cams, k, have the regular
rotary reciprocatory movements. The sub-
views, I'igs. 3* to 3%, inclusive, show the. posi-
tions at a given period, during the exhaust,
of the forcing portions of the cams, %, rela-
tive to the abutment pieces, j% of the ex-
haust valves which are forced thereby. It
will be seen that when each shaft, J, is so
turned that the part of the cam nearest the
axis of the shaftis next tothe valveshoulder,
4% the valve remains closed, while as the por-

5 tions of the cam outwardly from said last

specified part come to impingement against
the said shoulder, j% the exhaust valve is
forced open.

The vertical main-shaft, G, is shown as hav-
ing a bevel gear wheel, G% upon its lowerend
by means of whieh to-utilize the power of the
motor, but this gear of course might as well,
in some cases, be substituted by a pulley.

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent, is—

1. In a multiple cylinder motor, the combi-
nation with the series of pressure-valve-oper-
ating-shafts, I, having toothed projections,
of a series of reciprocatory pawl-rods, con-

-nections between these rods and the main

shaft for imparting the reciprocatory move-
ments to the rods, links, each pivoted at its
one end to a suitable supportand at its other
to the pawl-rod whereby the constraint of the
reciprocatory movement of the pawl-rod may
be such as to insure the temporary engage-
ment of its pawl with the projection of the
valve-operating -shaft, substantially as de-
scribed.

2. In a multiple eylinder motor, the combi-
nation with the series of pressure-valve-oper-
ating-shafts having toothed projections, of
the reciprocatory pawl-rods, means for im-
parting their reciprocatory movements for
periodical and temporary engagements with

539,026

the shaft projections, and means for control-
ling or modifying the paths of movement of
said pawl-rods whereby they will havein their
swinging reciprocatory movements, as deter-
mined, either longer or shorter instants of
engagement with the shaft projections, or no
engagements at all therewith, substantially as
and for the purpose set forth.

3. In a multiple cylinder motor, the combi-
nation with the series of pressure-valve-oper-
ating-shafts; H, having toothed projections,
of a series of reciprocatory pawl-rods, connec-
tions between these rods and the main shaft
for imparting the reciprocatory movements
to the rods, links, each pivoted at its one end
to a shiftable support and at its other to the
pawl-rod, and:- means for moving said shift-
able supports whereby the constraint of the
reciprocatory movement of the pawl-rod may
be such asto insure a longer or shorter period
of temporary engagement of its pawl with
the projection of the valve operating-shaft, or
to insure in its movement no engagement of
the projection, substantially. as described.

4. In a multiple -eylinder motor, the combi-
nation with a series of piston eylinders hav-
ing pressure ports, and valves therefor, oper-
ating shafts for said valves having the toothed
projections, the rock-shafts, v% having the le-
ver-arms, m, and the pawl-rods, M, which are
hung thereto and constrained for reciproca-
tory. movements for periodically engaging the
toothed  projections of the pressure valve-
shafts, the eccentric and eccentric rods con-
nected with arms of said rock-shafts for im-
parting the rocking movements thereto, sub-
stantlally as descmbed

5. Ina multiple eylinder motor, the combl-

nation with the series of piston cyhndels hav-
ing pressure ports and valves therefor, oper-
ating shafts forsaid valves having the toothed
projections, g, the shiftable supports, N, each
comprising a ecollar, or sleeve, loosely sur-
rounding the shaft, the arm, 7%, and the sec-
tor gear, 75 a link, o, pivoted to each of said
arms, 7%, and the pawl-rods, M, connected to
said links, levers to which said pawl-rods are
connected and means actuated by the run-
ning of the engine for imparting the move-
ments to said levers, andthe rack-ring, Q, en-
gaging said sectors of the shiftable supports,
substantially as deseribed.

6. In a multiple cylinder motor, the combi-
nation with a series of piston cylinders hav-
ing pressure and exhaust ports, and valves
therefor, operating shafts for both sets of
valves, the pressure valve shafts having the
toothed projections while the exhaust valve
shafts have the radial arms, the rock-shafts,
v% having the arms, v,—~whieh are connected
with exhaust-valve-shaft-arms,—and having
thelever-arms, ni, and the pawl-rods, M, which
are hung thereto and constrained for recipro-
catory movements for periodically engaging
the toothed projections of the pressure valve-
shafts, the eccentrie, and eccentric rods con-
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nected with arms of said rock-shafts for im-
parting the roeking movements thereto, sub-
stantially as descrlbed

7. In a multiple eylinder motor, the combl-
nation with the pressure- valve operating -
shafts, each having the tooth, ¢, of the links,
o, lever arms, m, and pawl- rods, M, pivoted to
the lever-arms and having pin- aud slot en-
gagements with the links, and provided with
the springs,  together with means-forimpart-
ing the swinging movements to the said lever-
arms, substautlally as described and for the
purpose set forth.

8. In a multiple-eylinder motor, the combi-
nation with the motorbody and valve- operat-
ing shafts, I, the shiftable supports compris-

arms, 75, of the rollers, Q% the racked ring, Q,
guided theleon and means for conveniently
turning the ring, substantially as described.
9. In'a multiple eylinder motor, the combi-
nation with the valve-shafts, H, having the
projections, ¢, the shiftable supports, N, and
valve-operating and controlling econnections,
m, M, 0, and means for shifting the supports
to cause movements of the pawl-rods, M, to
be constrained in paths clear of the projec-
tions of the valve-shafts, and pawl devices
which act in conjunction with said shiftable
supports so that assuch supportsare returned
to the positions which they occupy during the
running of the motor, oge of the said pawl
devices will come to an engaging position
relative to a valve-operating-shaft, so that its

valve may be, through the action of the pawl, .

opened to admit pressure to one of the cylin-
ders for starting up the motor.

10. In a multiple cylinder motor; the combi-
nation with the piston eylinder and the press-
ure compartment with the communicating
pressure port of the valve for closing said port
having the shoulder, the valve- operatmg-
shaft, II having the cam, 7/, the spring, H?
applied to the shaft and the spring o, applied
to the valve, substantially as described.

11. In a multiple cylinder motor, the combi-
nation with the piston eylinder and the press-
ure- compartment with the communicating

-pressure portof the valve for closing said port

having the shoulder, the valve- opera.tmg
shaft, H having the cam, %, and the arm, c?
the spring, H?, apphed to the shaft the spring,
o/, applied to the valve, and thestud, 3 in the
pressure compartment for hmmng through
said arm, ¢ the rotational movement of the
shaft, substantially as desecribed.

12. Thepistoneylinderhavingatitsend the
casing, D, with a wall which forms the eylin-
der head and which comprises the pressure
compartment, f, and has at the base thereof
the passage, g, and also having the pressure
port leading from the cylinder to the pressure

.compartment, and the exhaust port leading

from the cylinder to said passage, g, the press-
ure valve movable transversely across the

base of the pressure compartment and the ex-

haust valve wmovable in a transvéerse way
therefor which is in commuanication with the
exhaust port, and means for periodically pro-
ducing the opening movements of said valves,
substantially as described.

13. The piston cylinder havingatits end the
casing, D, with a wall which forms the ¢ylin-
der head and which comprises the pressure
compartment, f, and which has at the base
thereof the passage, g, and the hole, 4%, and
provided with the-pressure port leading from
the eylinder to the pressure compartment and
the exhaust port leading from the cylinder to
said passage, g, the pressure valve movable
transversely across the base of the pressure
compartment and the exhaustvalve movable
in a transverse way therefor which is in com-
munieation with the exhaust port, the cam-
provided- pressure-valve-operating-shaft and
the operating shaft, J, having its bearing
within said hole, 55 and provided with a cam,
I, which has an impingement against a de-
pending member of the exhaust valve, sub-
stantially as deseribed and means for peri-
odically imparting rotary reciprocatory move-
ments to the said shafts, H,J, substantially
as described.

14. The piston cvlmdel h(wmoratm end ths
casing, D, with a wall which forms the cylin-
der head and which comprises pressure eom-
partment, f,and which has in the base thereof
the vertical passage, g, the transverse socket,
or way, 7%, which terminates in the exhaust
port, 4, and which is in communication with
passage; ¢; and said casing head also having
the vertical holes, 55 and j7, the exhaust valve
movable in said transverse way, 4%, the vaive-
operating cam-shaft, J,in the hole,j and the
spring for the valve in the hole, j7, all sub-
stantially as deseribed and shown.

15. The piston cylinder having the casing-

head, D, with the pressure compartment, f,
and port, h, the base socket, f*, and stud, f°,
of the valve stem, ¢? having the valve for
closing the said port and having the shoulder,
a?, and slot, ¢4 in combination with the valve-
operating-shaft, H, having the arm, ¢? the
cam, I/, and the attenuated lower extremity
which passes through said slot, af, and into
said socket, substantially as deseribed.
~ 16. The combination with the casing head,
D, having the exhaust port, ¢, valve-way, 4%
exhaust passage, g, and hole, 5%, of the exhaust
valve having, as a part thereof, a depending
member with shoulder, 5%, the shaft, J, in said
hole, 75 having the eam, %, and the shoulder,
k', and the flanged thlmble,j all substan-
tlally as deqcrlbed

. The combination with the casing-head
for the cylinder having exhaust port, ¢, and

“valve-way, %%, exhaust -passage, ¢, and hole, /%,

of the valve -stem, 4?, with exhaust valve, 7,
and having the perforatlon, i, the block, 77,
having the depending shoulder, j% the stud
upwa,rdly extending throucrh said perforatlon
and the opposite rlbs 7% 4%, and the valve-op-
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erating shaft, J, having- the eam; %, all sub-
stantially as described.

18. In a motor, the combination with the
cylinder and the casing at the head thereof

having the pressure compartment with the

port comprising a cylindrieal passage with a

flaring orifice, of the valve stem having the:

valve, a, of a correspounding formto said port
and provided with the longitudinal passage,

a’, and the transverse sidewise” opening

branch, af, and means for moving the valve-
stem longitudinally, substantially as' de-
seribed.

19. In'a maultiple eylinder motor, the com-
bination with the main shaft having the eccen-
trie, I, and the motor-body having the series
of rock-shafts, v? with angularly' arranged
lever arms, m and v, of the pressure-valve:op-
erating-shafts, H, having: the projections, q,
and the exhaust'valve-operating shafts hav-
ing the' arms,-u, the shiftablé supports, N,
comprising the sector-geared arms, 7% therods,

n, working from the eccentric- and connected-

to said lever arms, m, the rods, 4% connecting
arms, v, with'u, the links; o, pivotally mounted
on said shiftable supports, N, the pawl-rods,
M, hung to arms, m, and having eonneections,
for their constraint of movement, with said
links, and the rack-ring, Q, all arrangzed for
operation 'substantially as and for the pur-
poses set forth.

20. The combination with the valve-shafts,
H, having disks, P, with teeth, g and s, of the
shiftable supports, N, rotatably adjustable
about: the axes of said shafts, I, the links

pivoted to arms of the supports having the

pawl-provided hubs, 0% the pawl-rods, M, hav-

ing conmnections with the links, the eceentric,

and mediums of connection operated by the
eccentric and intervening between same and
the said pawl-rods, substantially as and for
the purposes set forth.
ELIJAH B. BENHAM.
Witnesses:
‘W, S. BELLOWS,
J. D. GARFIELD.

25

30

35

40




