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To all whom it may concern,: "

Be it know.. that I, Epwaro H. Benoex,
a citizen of the United Stales, and a resident
of Pittsburgh, county of Allegheny, and
State of Pennsylvania, have invented cer-
tain new and useful Improvements in Tu-
ternal-Combustion Engines, of which the
following is a specification.

My invention relates to internal combus-
tion engines and has particular reference to
improvemrents in the valves and valve gear-
ing of internal combustion engimas‘dD the
four-cycle type. )

The objects of my invention are to sim-
plify the construction and to lessen the cost
of such engines; to eliminate the vibration
and the noise incident to their operation; to
balance the valves thereof; and to increase
the power, efficiency and durability thereof.

Iy further purpose is to do away with
the short-lived and noisy reciprocating
valves and valve gearing now in common use
and to substitute therefor a minimumn num-
ber of large substantial parts that cannot
easily be broken, to balance the valves and
otherwise arrange and construct them to
offer the least possible resistance to the op-
eration of the engine,

A special object of my invention is to pro-
vide an engine of the class named with a
non-vibratory, constantly Iubricated and
substantially balanced adission and exhaunst
valve and to maintain it at a low tempera-
ture protected from the hot gases of the
cylinder.

Still other objects of the invention are to
provide an ‘internal combustion engine
equipped with a balanced valve and having
a cylinder which contains beth the cylinder
head and the necessary port-controlling
mghns.and. from which both the head and the
piston may be removed without disturbing
the cylinder or sgid port controlling means
or gearing, and from which the valve may
be removed without disturbing the cylinder
or the valve gearing; and to provide an
engine having valves and valve seats which
shell he freely accessible upon removal of
the: cylinder head. ‘

Another ebject-of my invention is to pro-
vide a. four-cycle engine conforming to the
foregoing outline and which may be made
reassem-
bled by ordinary mechanics and in less time
than other. four-cycle engines, :

A Turther object is to pmvid‘e balanced
votary valves and valve gearing of such
form and wreangement that the several cyl-
inders of a multiple engine may be econom-
lcally formed in one block of casting.

Still further objects of my invention will
appear hereinafter.

bustion engine which, in ils simplest form,
has a single-piece ported cylinder, a single-
piece cylinder' head, a single-piece valve
which 1s incased by the cylinder and the
head and is substantially balanced therche-
tween, a single valve uperating member ana
a single actuating and timing deviee which
conneets the valve operating member with
the crank shafl, i

The simple structure here outlined is some-
what amplificd in the higher developments
of my invention but even in its multiple
cylinder forms I prefer (o use only one valve
operating member and onc driving device,

The inverktion will be readily understood
upon referencetto the accompanying draw-
ings, which form part of this specification
and in which T have depicted a preferred
embodiment of my invention in a six cyl-
inder combustion engine.

In the drawings, Figure 1 is a side gleva-
tion of my novel engiue, four of the cylin-
ders being shown in vertical longitudinal
section ;—IMig. 2 is & horizontal section, sub-
stantially on the line 2—-2* of Fig. 1, all
of the eylinder headg being removec sTFig.
3 is an enlarged vertical section on the line
3*—3* of Figs: 1 and 4;—TFig. 4 is a simi-
larly enlarged horizontal section on the line
4—4= of Fig. 3;—Tig. 5 is a vertical section
on the line 5*—35% of Fig. 4; Fig. 6 is a
sectional view similar to Fig. 4 showing the
valve simultaneonsly open to the exhaust

ort and {o the balancing cavity in the cyl-
mder; and Fig. 7 shows the valve simultane-
ously open to the admission port and the
balancing cavity in the cylinder.

I have here illustrated my invention as
cmbodied in a water cooled multiple cylin-
der engine of a vertical type particularly
adapted for use in automobiles. Its cylin-
ders A, six in number, are arranged side by
side in a single casting B. Various means
may be employed for cooling the cylinder
and valve seats. For example the casting B
may contain a water space or jacket C which

is common to all the cylinders. The water
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spuce extends from the top I3 of the casting
1o a point near the lower ends of the cylin-
ders. The bottom B’ of the cylinder cast-
ing is secured upon the top of the base D.
The base contuins the (:runh shaft I shown
in dotted lines in Fig. 1. On one end of the
shafl I 15 a fly wheel I, "The other eud of
the crank shaft carries a sprocket wheel G,
(sce dotted lines Fig. 1) the use of which
will be explained hereinafter. Each cylin-
der A contaiig a piston H, joined to the
crank shaft I8 by a connecting rod I, shown
in dotted lines in Fig. 1. The cylinders open
throngh Loth the top and the bottom of the
casting 1. They have scparate heads J.
The head J of each cylinder is preferably
wholly contained within the upper or outer
end of the cylinder. T make these ends of
the cylinders large enough to receive the
pistons so that the latter may be inserted
and removed through the tops of the cylin-
ders after the cylinder casting B has been
fastened to the base DD Ti;e heads ave
farger than the pistons and each head rests

s upon an annular- shoulder % which dis-

tinguishes the piston containing portion «*
of the cylinder from its head contaming por-

tion ¢'. Both cylinder portions «* and o'
are cylindrical. They are preferably con-
centric.

The portion et is large enough to
contain not ongy the head but also the valve
K, about to be deseribed. Each head has
an annular fange J’ that fits the upper part
of the cylindrical bore ¢*. The lower end
J2 of each head J snugly fits the piston bore
a® of the cylinder and the annular shoulder
J* of the head rests upon the cylinder shoul-
der «® as before explained. The upper end
of the hore @* of each cylinder is threaded
to receive a locking ring L, which is screwed
firmly upon the flanged top of the head,
completing an oil and pressure tight joint
between the head and t%e cylinder at that
point. If desired a key L’ or a set screw
may be added to logk the head against rota-
tion. Such device however is not essential
to the fastening of the head in the cylinder.
The shoulder a* of the cylinder and the
shoulder J* of the head are ground together
and when the head is thussecured the shoul-
ders form an oil and pressure tight joint be-
tween the lower end of the head and the ¢yl-
inder. It will be observed that the concen-
tricity of the cylinder and the head is in-
sured by the close fitting of the upper end
and the lower end of tl%e head within the
larger and the smaller bores a* and «* of
the c¢ylinder. The intermediate portion of
each head J, between the flange J° and the
shoulder J% is cylindrical and ‘concentric
bore a*. While this,
portion, as herein shown, is larger than the
piston bore a?, it is somewhat smaller than
the bore a¢* and an annular cavity K"
having parallel cylindrical walls is there-

1,017,075

fore  formed  between  the eylinder and
the head. The top of the cavity K’ is
farmed by the underside of the head flange
J . The bottom of the annular cavity is
formed by the eylinder shoulder ¢ on which
the head rests.
cavity are fively ground and serve as seals
for the valve K before referred to. The
valves KK are simple one-piece sleeves or
rings that exactly fit their respective cavi-
ties K. They are interchangeable. The
inner and outer surfaces of each valve K
are finely ground and are cylindrical gnd
parallel. Tﬁle top and bottom edges are alsos
linely ground or finished and are parallel
and perpendicular to the cylindrical 'sur-
faces. 1In practice, the cross sectional di-
miensions of the valve K are approximately
two thousandths of an inch smaller than the
corresponding dimensions of the cavity K’,
leaving space for thin films of oil between
all the opposed surfaces of the valve, cylin-’
der and head. Obviously the space is in-
creased at the groove KX and between the
gear teeth on the valve. Each valve K con-
tains at least ope opening or port K2, the
same being of sufficient size to quickly admit
and to quickly free the gases und being posi-
tioned about midway of the height of the
valve. As shown in the drawings I prefer
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to provide each valve with two diametrically- ,

opposite ports-K?, so that one revolution of
the valve sha]l serve for eight successive
strokes, two complete power operations, of
the piston, as heréinafter explained. Fach
¢ylinder is provided with an admission port
and passage A% and an exhaust port and
passage EX, these being formed in the cast-
ing B. The ports A? and E* open into re-
spective valve cavities K’ in position to
register with the ports K? in the valve K.
The width of the space between the inlet
and exhaust ports approximately equals the
width of the port K* in the valve K. These
dimensions may be considerably varied
without departing from the invention but I
prefer to maintain the described proportions
and relation for the particular reason that
after the valve has opened to permit the
heated gases to exhaust, those portions of
the valve which are heated by the exhaust
gases are almost immediately cooled by the
inrush of cool combustible mixture at the
port A% The time between the exhaust and
the admission of mixture is proportionate to-
the distance that the valve has to travel be-
tw~en the ports E* and A% 1In a multiple
cylinder engine I prefer to pair the cylin-
ders and connect the exhaust passages E* of
each pair as shown in Figs. 2 and 4. From
the points of juncture the exhaust passages
xtend downward and %)en through the
ower part of the casting B. -
Ix fepresents the. vertical extension of
the united exhaust ports of two cylinders.
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E= represents the exhaust manifold of
the engine.

As indicated in Fig. 2, I prefer that the
admission passages A? of the several cylin-
ders shall be independent and shall open
through the outer face of the casting above
the exhaust manifold. The passages A® are
connected by an admission manifold A"
having two connections A® and A% with a
suitable carbureter A%,

As best shown in Figs. 3 and 4, each head
J contains a central eavity J* hemispherical
at the top and opening through the bottom
of the head. This cavity which obviously
communicates with the piston containing
portion ¢ of the cylinder constitutes the
compression and combustion chamber of the
engine. A central hole is provided in the
top of the head and in this hole is the device
M for igniting the gases, preferably an elec-
tric spark Flug. Two passages J—A? and
J—AF are formed in the head. These open
through the valve seat surface of the head,
at points divectly and respectively opposite
ports A? and E* in the valve seat sur-
face of the cylinder, hence these passages
or ports of the head are in position to regis-
ter with the ports K? in the valve K.

" Referring now io Figs. 4 to 7 inclusive it

) will be seen that the cylinder wall which

forms ‘part of the annular valve cavity con-
tains a recess or cavity AB. This is posi-

tioned between the ports A® and E* and may

- extend above and below said ports. Enough
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44
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of the cylinder wall remains to afford
proper lap for the valve around said ports
As and Et. The cavity AB opens against
the outer periphery of the valve K and its
area is preferably slightly less than the
combined area of the ports A¢ and E~
The recess or cavity AB is placed in com-
munication with the piston space ¢* in_the
evlinder by means of a duct ab’, leading
therefrom to a point in the cylinder wall
below the head J. The practical effect of
this arrangement of the valve and the bal-
ancing cavity AB is that the revoluble valve
is so nearly balanced in its cavity that it is
but lightly seated across the cylinder ports
A% and Kx even at nwments of maximum
pressure within the «ylinder. In conse-
quence, the valve ix not permitted to cling
of its seats nrcd it 1s not difficult
to turn or rotate it in its cavity. And at
the same time it will be noted that at mo-
ments of vacuum within the cylinder, as
when the piston is descending and the ad-

" mission port A? and the valve port K* are

in register, the area of the balancing port
AB exceeds the area of the exhaust port in
the cylinder, with the result that there is an
overbalancing outward pressure on the
valve which tightly holds it over the ex-
haust port B and thus prevents the indraft

- of gases from the exhaust pussage [

a8

The port K? in the valve K and the bal-
ancing cavity AB act in a peculiarly ad-
vantageous manner, as follows:—It will be
noted from Fig. 6 that when the port K*
in the valve is about leaving the exhaust
port Ex, it opens into or commuuicates with
the balancing cavity AB, by bridging the
wall between the same and port E*. In con-
sequence part of the gases from the cylinder
are discharged through the balancing duet ad’
and cavity AB. Obviously the exhaust port
may be somewhat smaller than if this were
not the case for by this arrangement the ex-
haust is protracted. Similarly the port K
in the valve, when it leaves the exhaust port
E*, next opens into the admission port A?
and simultaneously puts the port A* into
communication with the balancing cavity
AB. As a result the admission is relatively
enlarged and furthermore the combustible
mixture which flows into the cylinder
through the cavity AB and duct ab’ in-
stantly cools the same and the mar rins of
the port K* in the valve. It 3s advanta-

eous also that the cavity AB is each time
flled with fresh gas, which being ignited
with the remainder of tlie charge in the
cylinder insures & substantially equal pres-
sure upon the inner and outer sides 'of =0
much of the valve as lies over the cavity
ADB, Tf desired additional balancing cavi-
ties may be provided in the cylinder wall on
the opposite side of one or both ports A¢
and. Ex, but T find the single port adequate
for the purposes expressed.

The valve operating mechanism is most
clearly shown m Figs. 1, 2, 3 and 4. Kach
member K is a combined valve and gear
wheel ; that is, the lower outer edge of each
valve K is provided with gear teeth K* con-
stituting an integral gear wheel whereby the
valve may be rotated In its valve chamber or
cavity. The valve operating member is ar-
ranged on the side of the engine opposite
the side which contains the several admis-
sion and exhaust ports and the cavity AB.
This valve operating member comprises a
single shaft N having as many integral gear
wheel portions N’ as there are valves. Each
cylinder is provided with an opening AN, at
a point opposite the gear teeth on the valve
and considerably below the level of the ports
K2 in the valve. This opening admits the
operating gear N’ into mesh with the gear
teeth upon the valve. Obviously all of the
openings AN are arranged in a horizontal
line. The shaft N is held in suitable bear-
ings N* provided on the side of the cylinder
casting B as shown in Figs. 2 and 4. The
gear teeth on the valves and on the shaft N
are preferably 45° spiral teeth. Such gears
operate readily in either direction and are
noiseless. At its end, the shaft N is provided
with a sprocket wheel N* and this is con-
nected with the sprocket wheel G on the
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erank shaft by a suitable sprocket chain Go.
The sprockets (¢ aud N?, and the sprocket
belt G* constitute the driver for the valve
operating member or shaft N. The rotation
of the erank shaft is thereby commmuicated
to the several valves, and the latier are ro-
taled constanily during the operation of the
crank shaft. ‘The sprockets G and N* and
the gears N7 and K¥ are so proportioned
that the valves arve ecaused to turn one-haif
of a revolution dwring each two revolutions
of the erank shafty 4. ¢ one complete vevo-
Iution n the time consumed by eight piston
strokes. Tt will be clear that the rotative
speed of the valves is relatively low and that
nothing short of the breakage of one of
these heavy substantial parts can interfere
with the proper-action of the valve. The
valve operating shaft and gears are con-
tained by a horyzontal duct O formed in the
side of the cyvlinder casting. B*, B! are the
edges of the duct (J. These edges are in-
tegral with the cvlinder easting B. The
opening between them is closed by a hori-
zontal plate B tightly bolted thereto and
making the duct oil tight. The duct O and
the several valve cavities K’ are in com-
munication through the openings AN. The
sprockets G and N* and sprocket belt G® are
inclosed by a casing P, the upper end of
which communicates with the duct O and
the lower end of which communicates with
the interior of the engine hase 1. An oil
pump {not shown) forces oil into the dnct
0. The oil 1= distributed therefrom to the
several valves by the gear teeth on the valves
K and shaft N 4 ¢ by the gear wheels N’
and K*.  In the case of each valve, its ro-
tation causes the oil to spread upon the
outer surface of the valve, whence it will
work above and below the valve and spread
upon the inner surface thereof. As before
explained the differences of diameter, be-
tween the valve, the cylinder and the hiead,
are so slight that only minute films of oil
may oeeupy. the spaces. These ave in fact
apilinry spaces and while the oil will freely
work 1nto and scenpy the spaces, due to the
rofation of the valve within the inclosing
walls, the nnet easily be discharged
from the g by either internal or ex-
ternal pressure. The films of oil constitute
fluid packings for the joints. This fact
makes it possible to adequately lubrieate
the valves and inclosing walls without dan-
ger of gas leakage from or to the cylinders
at moments of compression, combustion and
vacuum therein. Tt is clear also that it is
practically inpossible for any surface of the
valve to engage any opposed surface upon
the head or eylinder except through the
medium of this minute film of oil which en-
velops the valve. In consequence the valve
and valve seats will operate indefinitely

without perceptible wear. Shallow vertieal
) F

1,017,075

collecting grooves X* may be formed n the
valves K at the “ following ” side of the re-
spective ports K% as shown i Figs. 1 and 4
and to expedite the distribution of oil within
the valve chambers ar cavities, T preferably
provide the walls thereof with shallow ol
grooves. The grooves AT in the cylinder
walls are so inclined that they tend to ele-
vate the oil froms the gear openings AN,
whereas the grooves J* in the surfaces of
the heads may tend to foree the oil down-
ward.  As shown in Fig. 3 the upper edge
of each valve K is preferably provided with
an annular oil groove K* for an accumula-
tion of oil, {0 beiter distribute-the oil upon
the inner surface of the valve. Very little
of the oil thus supplied to the valve is wiped
off at the ports, the greater part returnin
to the frough through the openings AN. I%
will thus be seen that the valves, the valve
cavities and the valve gears constitute an oil
circulating system which insures the positive
Iubrication of these parts at all times. The
tight joint before alluded to, hetween the
lower end of the head J and the cylinder
prevents leakage of valve oil into the, cyl-
inder. {

As before explained the water space C
within the cylinder casting extends to the
top of the cylinders and cooling water is
therefore supplied to all of the upper parts
of the cylinders except those portions or
areas which are occupied by the admission
and exhaust passages A9, Ex, and the gear
openings AN, The cooling of the outer
walls of the valve cavities and the onter por-

tions of the valves is thus insured. Xach
head J contains a water space J¥. The

water is supplied and discharged through
pipes J?, two of which are provided for each
head. The top of the head contains a de-
pression to admit, and to afford easy access
to, the firing plug M. The space J¥ occu-
pies nearly the whole of the head, only thin
walls remaining; the exceptions being the
spaces occupied by the ports JA? and JEx
As before described, the head is deeper than
the valve X, extending both ahove and be-
low the samwe. The water space s likewi-e
deep, its bottom being preferably below the
lavel of the 'valve K and the water rising
therein to a devel above the top edge of the
valve. In other words, the cooling surface
of the valve wall of the head is practically
co-extensive with the valve and the mainte-
nance of the valve at a low temperature is
positively insured. It is not
whether these walls which inclose or envelop
the valve are cooled by water or by air, or
by some other meditum ; the important point
is that the valveés and the inclosing walls
are so formed and related that they are
cuite separate from the hotter portions of
the ¢ylinder and head and are fully exposed
o the cooling m
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The operation of the engine is according
to the well known four cycle principle and
will be eclearly understood from the fore-
going detailed description of the operation
of its several related parts.

As various modifications of my invention
will readily suggest themselves to one whao
is skilled in the art T do not confine o Timit
the invention to the specific constructions
herein shown and described. .

The valve construction in itself and the
combination of parts, including the shaft N.
for actuating the valves, comprise the sub-
ject matters, respectively, of my co-pend-
ing applications, Serial Nos. 659,204 and
667,764, and are not specifically claimed
herein. :

Having thus described my invention 1
claim as new and desire to secure by Letters
Patent :—

1. In an internal combustion engine. a
¢ylinder and a piston therein, in combina-
tion with a cylinder head fixed in the ensl
of said cylinder, the inner and outer endls
of said head being tightly jointed {o said
eylinder, the intermediate portion of said
head heing of less diameter than the el ja-
cent portion of the eylinder and concentric
therewith an annular valve cavily Deing
thereby formed between said ends of the
head, ‘one side of said head and eviimder
containing admission and exhaust ports
which open into said cavity, an anndar
valve of slightly greater dinmeter than the
head and of slightly less dinmeter than said
adjacent portion of the eylinder and oceen-
pying said cavity, said valve containing a
port positioned to register with aforesid
ports, said ecylinder containing a balancing
cavity opening into said valve eavily he-
tween the ports in the eylinder and in com-
munication” with the piston space in the
cylinder and valve operating gearing de-
riving motion from said piston.

2. In un internal combustion engine, n
cylinder and a piston therein, in cembinalion
with a eylinder head fixed in the end of savid
cylinder, the inner and outer ends of sakl
head being tightly jointed to said eylinder,
the intermediate portion of said head being
of loss diameter than the adjacent portion
of the cylinder and concentric therewith an

annular valve eavity being thereby formed

between sail ends of the head, one side of

said head and cylinder containing adinis-
sion and. exhaust ports which open into sl
cavity, an annular valve of shightly greater
diameter than the head and of slightly less
diameter than said adjacent portion of the
eylinder and oceupying sabd eavity, said
valve containing two dimunetrieally opposite
ports positioned to register with aforesaid

ports, the distance between the ports in ihe

cylinder approximately equaling the width
of each port in the valve, said cylinder con-

S

taining a balancing cavity opening into said
valve cavity between its ports, a gear formed
on the end of said valve, an operator mesh-
ing therewith arid deriving rotation from
saic piston, and means for constantly sup-
plying oil to said gears and cavity.

3. In an internal combustion engine, a
cylinder and a pisten therein, in combina-
tion with a cylinder head, the cylinder hav-
ing admission and exhanst ports in one side,
an annular valve positioned within the cyl-
inder, concentric therewith and adapted to
close said ports, said valve having an open-
ing adapted to register with aforesaid ports,
said eylinder containing a balancing cavity
in one side adjacent to its ports and of
reater area than either thereof, said cavity
opening against said valve and communi-
:ating with the piston space in the cylinder,
means for supplying oil to said valve, and
nueans for operafing said valve in time with
{he movements of said piston.

4. In an internal combustion engine, a
suitably cooled eylinder and a piston there-
in. in combination with a suitably cooled
evlinder head fixed in the end of said cylinder,
saidd head being of less dinmeter than the
adjacent portion of the cylinder and con-
centrie therewith, an annular valve cavity
leing formed thereby, said head and cyl-
inder containing admission and exhaust
ports which open into said cavity, an an-
nular valve occupying said ecavity and
cooled by the eylinder and head, said valve
containing a port positioned to register with
aforesaidl ports, said cylinder containing a
halancing eavity opening through the outer
wall of said valve eavity between the ports
in the eylinder and in communieation with
the piston space in the evlinder and valve
operating  gearing deriving motion from
said pisten.

5. In an internal combustion engine, a
evlinder and a piston therein, in combina-
tion with a eylinder head fixed in the end of
iid eylinder, said head being of less diam-
eter than  the adjacent portion of the cyl-
inder and concentric theréwith an annular
valve cavity being thereby formed between
the eylinder and head, one side,_ of said cyl-
inder containing admission and. exhaust
ports which open into said cavily, a port
controlling sleeve valve ocenpying said eav-
ity. means in said side of the cylinder co-
acting with the onter periphery of the valve
aud aubstantially balancing said valve in
said eavity, and valve operating gea ring act-
ing on the valve and deriving metion from
said piston, -

6. In an internal combustion engine, a
eylinder in combination with a piston there-
in, a head within the end of the cylinder,
means securing said head against movement
in said eylinder, said cylinder and head
Laving corresponding admission and ex-
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haust ports, an annular valve disposed con-
centrically with and between the head and
cylinder, said eylinder containing a balane-
ing port which opens . against the outer
periphery of said valve qd]accnt the ports
in the eylinder, and gearing through the
medium of which the plst(m operates said
valve to ohen and close said ports in time
with-the piston movements.

7. In an internal combustion engine, a
cylinder and a piston therein, In combina-
tion, with a eviinder head fixed in said eyl-
inder and having inner and ouler ends
whiah make oil-and pressuve tight joints
with' the cylinder, the'cylinder and head
containing between said Joints an annular
valve cavity and having admission and ex-
haust passages and pm‘ts, an annular valve
of greater diameter than the inner part of
said cavity and of less dlameter than the
and having a port
to register with the ports in the head and
eylinder, such diffevences of diameter pro-
vidirg cap.ll.ny spaces between the cyl-
inder, valve and head, a halancing cavity
being prn\n*ed in said cylinder a«l;.u-vnt
to the admissian and exhatist ports therein.
means for supplying oil to said valve, and
e m-u.cmmnfcwntm Iy distant from said
ports and balaneing cavity for rotating said
valve to open and close said Pports in proper
time with the movements of said piston.

8 TIn un internal combustion engine a
evlinder having a piston mnilmmw por-
portion, in com-
hinalion with a head Im\'ing: its inner end
m eirenmferential and endwise engagentent

with the walls of said piston containing | ¢}

pu}hml anel having its outer end civerm fer-
entially engaged with the walls of said head
containing portion of the eylinder, means
securing the head against movement in the
4_\'ismiu atud vlfi'mny_: tight joints between
satl ends of the head, and the eylinder, ports
in said evlinder and the Intermedinte por-
tion of the head, an annular valve cavity
being provided between the head awd eylin
der and between said juinta said eylinder
containing a halancing cavit v adjacent {o
its ports and opening into s.ml valve cav-
ity, an annular ported valve ﬁtting sadd
valve cavity, an niwmnu’ in the side of the
v_v?inl?- < and valve envity and a valve oper-
ador poxitioned in said opening.

0. Tn an iuternal combustion engine, a
evlinder having a eylindrieal piston con-
taining portion aml a head containing pror-
tion, 1n combination with a head having
an infermediate valve seating portion of less
diameter than the Tiead conts iining portion
of said evlinder, said head having its inner
end and its outer end engaged with the
walls of said piston containing portion and
satd head containing portion respeetively,
means fastening said head aguinst move-

1,017,075

ment in the cylinder and effecting tight
joints between the cylinder walls and said
ends of the head, an annular valve cavity
which is cloged at its ends being formed by
and between said cylinder and said head
and situated wholly between the outer end
of the cylinder and the inner end of the
head, admission and exhaust ports provided
m the cylinder and the head and opening
into said cavity, a bahncmg cavity in the
(‘\'imdr’ and opening into said cavity, an
aunular valve occupying substantially the
whole of sald wvalve eavity and provided
with a port to register with said admission
and exhanst pmts and means engaged with
a periphery of said valve and adapted to
rotatively move said \ful\‘e in said cavity,
substanfially us described.

10. In an internal combustion engine, a
eylinder in combination with a head the
ends of which make oil tight joints with the
evlinder, an annolar valve space or cavity
being provided between the eylinder and the
wend and befween saad joints, a valve reve-
Iubly movable fnosaid cavity, said valve hav-
ing n port and said cylinder and said head
Leing both provided with udmission and ex-
hanust ports which communicale with said
cavity, said cylinder containing a balancing
m\lly between its ports operating to ease
the valve across said inlet and exhaust ports
during moments of pressure in the cylinder
and to press the valve against the ported
portion of the cylinder during moments of
partial vacuum within the cylinder, and
means for operating said valve,

In an infernal combustion engine, =
yhnder aving a piston-containing portion
or hore nml 1 valvi-and-head-containing
portion or bore th\!lﬂ.’_{llhh(‘(i by a valve-
and-head-seating shoulder, in combination
with an asnular sleeve valve mnt'unmﬂ' a
port, fitting said valve-and-head bore ui The
r;’limlur and seated on said shoulder of the
cylinder, a head fitting within the vaive and
Laving s inner end sented upon said shoul-
dor al the el of said valve, means securing
lhs wad agamsd movement in the oy hnder
and effeeting fight joints belween the head
and evlinder at the ends of the head, said
evlinder having a balancing port which
epens against the outer perzphﬁx of said
valve. w snitable valve actuator and a driver

; i“xa:‘!‘(ﬁ for,

. In a four-eycle internal combustion
engipe, o single cylinder block or_casting
<=f!ni‘nnin<r a ,ﬂumhty of cylinder bores in
combination with yhnder heads, one within
each said bore, dn annular sleeve valve be-
tween each head .md eylinder bore and en-
veloped {hereby, said heads, valves and eyl
linders having suitable registering ports,
ench said <'v]umm having a haianmng port
which opens against the outer periphery of
the mhe a valve actuating member for si-
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multaneously rotating said valves therchy
causing the periodic registry of said ports,
and means for driving said member.

13. In a four-cycle internal combustion
engine, a single cylinder block or casting
containing a plurality of cylinder bores in
combination with cylinder heads, one within
each said bore, an annular sleeve valve be-
tween ecach head and eylinder bhore, sald
heads and cylinders being tightly jointed
shove and helow respective valves, said
heads, valves and cylinders having suitable
vegistering ports, each said cylinder having
o balancing cavity opening against the outer
periphery of its valve, a single
ating member for simultaneously rotating
cnidl valves thereby causing the periodic
regisivy of said ports and a aingle duet con-
tnning said member and supplying oil to all
st valves,

i4. Tn an internal combustion engine, a
single block containing = plarality ol suit-
ably cooled cylinder bores, in combination
with a single picce suitably cooled head in

valve actu- -

7

each said bore, a single piece annular sleeve
valve concentric with and interposed be-
{ween each head and its bore, each said head
being jointed to the eylinder bore above and
below its respective valve, said eylinders,
valves and heads cach having a complement
of ports, a balancing cavity in each eylinder
bore between the ports therein, an open-
ing in the side of each cviinder borve,
a single valve operating member acting
apon all said valves throngh swxid  open-
ings, a single oil duct containing said mew-
her and communicating with all said open-
ings, n piston in each bore and a driving de-
vice for said member, operated by the move-
ment of said pistons.

In testimony whereof, T have hereunto set
my hand, this Sth day of November, 1911, in
thie presence of two snbseribing witnesses.

EDWARD . BELDIEN.

Witnesses:

N. Cunris LayMmoxn,
Cmaries Glopers ITawrLey.
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