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To all whom it may concern r 
Be it know... that I, EDWARD H. BELIEN, 

a citizen of the Onited States, and a resident of Pittsburgh, county of Allegheny, and 
State of Pennsylvania, have invented cer 
tain new and useful Inprovenients in Il 
ternal-Combustion Engines, of which the following is a specification. 
My invention relates to internal combus tion engines and has particular reference to 

improvements in the valves and valve gear 
ing of internal combustion engines of 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. 

?y further purpose is to do away with 
the short-lived and noisy reciprocating 
valves and valve gearing now in common use and to substitute herefor a minimum 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 lubricated and 
substantially balanced admission and exhaust 
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 both the cylinder 
head and the necessary port-controlling 
mans, and from which both the head and the 
piston may be removed without disturbing 
the cylinder or said port controlling means 
or gearing, and from which the valve may 
be remoyed without disturbing the cylinder 
or the valve gearing; and to provide an 
engine having valves and valve seats which 
shall be freely accessible upon removal of 
the cylinder head. 
Aaother object of my invention is to pro 

vide a four-cycle engine conforming to the 
foregoing outline and which may be made 
and assembled, dismembered and reassem 

55 
bled by ordinary mechanics and in less time 
than other four-cycle engines, 

A further object is to provide balanced 
rotary valves all valve gearing of such 
for and a rangement that the several cyl 
inders of a lultiple engine may be econom 
ically formed in one block of casting. 

Still further objects of my invention will 
appear hereinafter. 
My invention resides in an internal com bustion engine which, in its simplest form, 

has a single-piece ported cylinder, a single 
piece cylinder head, a single-piece valve 
wiich is ineased by the cylinder and the 
head and is substantially halanced therebe 
tween, a single valve uperating nuember and 
a single actuating and tining device which 
conects the salve operating member with 
the crank shaft. - 
The simple structure here outlined is some 

what anplified in the higher developments 
of my invention but even in its multiple 
cylinder forms 1 prefer to use only one valve 
operating nember and one driving device, 
The inve?tion will be readily understood 

upon reference to the accompanying, draw 
ings, which form part of this specification 
and in which I have depicted a preferred 
embodiment of my invention in a six cyl 
inder combustion engine. 

In the drawings, Figure 1 is a side eleva 
tion of my novel engine, four of the cylin 
ders being shown in vertical longitudinal 
section;-Fig. 2 is a horizontal section, sub 
stantially on the line 2-2 of Fig. 1, all 
of the cylinder head being removed Fig. 
3 is an enlarged vertical section on the line 
3'-3' of Figs 1 and 4-Fig. 4 is a simi 
larly enlarged horizontal section on the line 
4- 4 of Fig. 3;-Fig. 5 is a vertical section 
on the line 5-5 of Fig. 4; Fig. 6 is a 
sectional view similar to Fig. 4 showing the 
valve sinnultaneously open to the exhaust 
port and to the Pating cavity in the cyl 
inder; and Fig. 7 shows the valve simultane 
ously open to the admission port and the balancing cavity in the cylinder. 

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. Warious 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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space extends from the top 3 of the casting 
to a point near the lower ends of the cylin 
ders. The botton 3' of the cylinder cast 
ing is secured upon the top of the base l). 
The base contains the NE sla ft E show 
in dotted lines in Fig. 1. On one end of the 
sla?t E is a fly wleel F. The other eiid of 
the crank shaft carries a sprocket wheel G, 
(see clotted lines Fig. 1) the use of which 
will be explained hereinafter. Each cylin 
dier A contai is a pistol H, joined to the 
crank shaft E by a connecting rod I, show 
in dotted lines in Fig. 1. The cylinders open 
through both the top and the bottom of the 
casting B. They have separate heads J. 
The head J of each cylinder is preferably 
wholly contained within the upper or outer 
end of the cylinder. I make these ends of 
the cylinders large enough to receive the 
pistols so that the latter may be inserted 
and removed through the tops of the cylin 
ders after the cylinder casting B has been 
fast ened to the base I). E. heads are 
larger than the pistons and each head rests 
upon an annular shoulder ?a, which dis 
tinguishes the piston containing portion (t 
of the cylinder from its head countaining po)”. 
tion o'. Both cylinder portions a and a 
are cylindrical. They are preferably con 
centric. The portion a' is large enough to 
contain not the headbut so the valve 
K, about to be described. Each head has 
an annular flange J that fits the upper part 
of the cylindrical bore a'. The lower end 
J° 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 a as before explained. The upper end 
of the bore a' 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 E. cylinder at that 
point. If desired a key L or a set screw 
may be added to lock 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 thus: secured the shoul 
ders form an oil and pressure tight joint be 
tween the lower end of the head and the cyl 
inder. It will be observed that the concer 
tricity of the cylinder and the head is in 
sured by the close fitting of the upper end 
and the lower end of E. head within the 
larger and the smaller bores a' and a of 
the cylinder. 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 borea, it is somewhat smaller than 
the bore a' and an annular cavity K' 
having parallel cylindrical walls is there 

spective valve cavities K' in 
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fore formed between the cylinder and 
the head. The top of the cavity K is 
fi 'med by the underside of the head flange 
J. The bottom of the annular cavity is 
formed by the cylinder shoulder a on which 
the head rests, 
cavity are filjely ground and serve as seats 
for the valve k before referred to. The 
valves K 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 and 
parallel. E. top and bottom edges are also 
finely ground or finished and are parallel 
and perpendicular to the cylindrical sur 
faces. In practice, the cross sectional di 
Iliensions 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 K and between the 
gear teeth on the valve. Each valve K con 
tains at least one opening or port K, the 
Same being of sufficient size to quickly admit 
and to quickly free, the gases and being posi 
tioned about midway of the height of the 
valve. As shown in the drawings I prefer 

() 
All of the walls of the . 

5 
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90 

95 
to provide each valve with two diametrically 
opposité ports K, so that one revolution of 
the valve shall serve for eight successive strokes, two complete power operations, of 
the piston, as hereinafter explained. Each 
cylinder is provided with an admission port 
and passage A and an exhaust port and 
passage E, these being formed in the cast 
ing B. The ports A and E open into re 

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 
Jort A. The time between the exhaust and 
the admission of mixture is proportionate to 
the distance that the valve has to travel be 
tween the ports E and A'. In 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 
lxtend downward and en through the 
ower part of the casting B. - 
E’ frepresents 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 cavity J" hemispherical at the top and opening through the bottom 
of the head. This cavity which obviously 
communicates with the piston containing 
portion a 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 
Mfor igniting thef preferably an elec 
tric spark plug. Two passages J-A" and 
J-A are formed in the head. These open 
through the valve seat surface of the head, at points directly 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 to 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 

35 
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of the cylinder wall remains to afford 
properlap for the valve around said ports 
A and E. The cavity AB opens against 
the outer periphery of the valve K and its 
area is preferably sightly 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 a in the 
cylinder by means of a duct ab', leading 
therefrom to a point in the cylinder wal 
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 E, even at nonents of maximum 
pressure within the cylinder. In conse 
quence, the valve is not permitted to cling 
upon any of its seats aiki it is not difficult 

55 
to turn or rotate it is its cavity. And at 
the same time it will be noted that at no 
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 E* and thus prevents the indraft 
of gases from the exhaust passage E. 

8 

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 E, it opens into or communicates with 
the balancing cavity AB, by bridging the 
wall between the same and port E. In con 
sequence part of the gases E. the cylinder 
are discharged through the balancing duct ab' 
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 furthernhore the combustible 
mixture which flows into the cylinder 
through the cavity AB and duct ab' in 
stantly cools the same and the margins of 
the port K" in the valve. It is advanta 
geous also that the cavity AB is each time 
filled with fresh gas, which being ignited 
with the remainder of the charge in the 
cylinder insures a substantially equal pres 
sure upon the inner and outer sides of so 
much of the valve as lies over the cavity 
AB. If desired additional balancing cavi 
ties may be provided in the cylinder wall on 
the opposite side of one or both ports A 
and E, but I find the single port adequate 
for the purposes expressed. 
The valve operating mechanism is most 

clearly shown in Figs. 1, 2, 3 and 4. Each 
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 AIB. 
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 
K° 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 an 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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crani shaft by a suitable sprocket chain G". 
The sprockets G and N, and the sprocket 
belt, Gi constitute the drive for the valve 
operating ember or shaft N. The rotation 
of the claik stait is thereby conia iii’ated 
to the several valves, and tile latter are re 
tated constantly during the operation of the 
crank shaft. The sirockets G and N and 
the gears N' and K are so proportioned 
that the valves are caused to tri: one-half 
of a revolution during each two revolutions 
of the crank shaft; i. e. one complete 'evo 
lition in the time consumed by eight piston 
strokes. It 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 horizontal duct O formed in the 
side of the cylinder casting. B. B. are the 
edges of the duct O. These edges are in 
tegral with the cylinder casting 13. The 
opening between them is closed by a hori 
zontal plate 3 tightly bolted thereto and 
making the duct oil tight. The duct () and 
the several valve cavities K are in on 
manication through the openings AN. The 
sprockets Gaid N and sprocket belt G' are 
inclosed by a casing , the upper end of 
which communicates. With the duct () and 
the lower end of which communicates with 
the interior of the engine base 1). An oil 
inn (not shown forces oil into the duct 

(). The oil is distributed therefron to the 
several valves ify the gear teeth on the valves 
K and shaft N ; i. e., by the gear wheels N' 
and K*. In the case of each valve, its "C. 
tation calises 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 tead, 
are so slight that only minute films of oil 
may occupy, the spaces. These are in fact 
'apiliary spaces and while the oil will freely 
work into and occupy the spaces, due to the 
rotation of the valve within the in closing 
walls, tile in not easily be discharged 
from the st by either interral or ex 
ternal pressure. The films of oil constitute 
fluid packings for the joints. This fact 
nakes it possible to adequately lubricate 
the valves and inclosing walls without dan 
ger of gas leakage from or to the cylinders 
at nonents of con pression, combustion and 
waclium therein. It is clear also that it is 
practically impossible for any surface of the 
valve to engage any opposed surface upon 
the head or cylinder except through the 
medium of this ninute film of oil which en 
velops the valve. 
and valve seats will operate indefinitely 
without perceptible wear. Sl Shallow vertical 

In consequence the valve 

wai'i. 
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collecting grooves K may be formed in the 
valves K at the “following side of the re 
spective ports IK, as shown in Figs. 1 and 4 
and to expedite the distribution of oil within 
the valve chanbers or cavities, preferably 
provide the walls thereof with shallow oil 
grooves. The grooves A* in the cylinder 
walls are so inclined that they tend to ele 
yate the oil from the gear openings AN, 
whereas the grooves Jr in the surfaces of 
the heads may tend to force the oil down 

As shown in Fig. 3 the upper edge 
of each valve is is preferably rovided with 
an annular oil groove K for an accumula 
tion of oil, to better 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 trough through the openings AN. 
will thus be seen that the valves, the valve 
cavities and the valve gears constitute an oil 
circulating system which insures the positive 
lubrication of these parts at all times. The 
tight joint before alluded to, between the 
lower end of the head J and the cylinder 
prevents leakage of valve oil into the cyl 
inder. k 
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 A. E. and the gear 
Openings A.N. The cooling of the outer 
walls of the valve cavities and the outer por 
tions of the valves is thus insured. Each 
head J contains a water space Jw. The 
water is supplied and discharged through 
pipes JP, two of which are provided for each 
head. The top of the head contains a de 
ression to admit, and to afford easy access 

to, the firing plug M. The space Jw occu 
pies nearly the whole of the head, only thin 
walls remaining; the exceptions being the 
spaces occupied by the ports JA' and JE*. 
As before described, the head is deeper than 
the valve K, extending both above and he 
W the Sage. The water space is like vyi-e 
ce, its botton being referally be jow the 

level of the 'valve K and the water rising 
therein to a level 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 medium; the important point 
is that the valves and the inclosing walls 
are so formed and related that they are 
quite separate from the hotter portions of 
the cylinder and head and are fully exposed 
to the cooling meditin. 
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The operation of the engine is according taining a balancing cavity opening into said 
to the well known four cycle principle and 
will be clearly understood from the fore 
going detailed description of the operation 
of its several related parts. 

As various nodifications of my inventi?t 
will readily suggest themselves to one who 
is skilled in the art I do not confine of init 
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 sul 
ject matters, respectively, of my co-pend 

applications, Serial Nos. 659,201 and ling 
667,764, and are not specifically clained 
herein. 
Having thus described my invention I 

claim as new and desire to secure by Letters 
Patent:- 

1. In an internal combustion engine, a 
cylinder and a piston therein, in combina 
tion with a cylinder head fixed in the end 
of said cylinder, the inner and outer ends 
of said head being tightly jointed to said 
cylinder, the intermediate portion of said 
head being of less diameter than the illia 
cent portion of the cylinder and "onceit ric 
tlere with an annular valve cavity eig 
thereby formed between sail entis if the 
head, one side of said le: il at Ali le 1 
containing adulissi in and exialist orts 
which open into said cavity, an anti-air 
valve of slightly greater dialete that tie 
head and of slightly less diameter tian saiti 
adjacent portion of the cylinder and ice 
pying said cavity, said valve containing a 
port positioned to register with a fores; it 
ports, said cylinder containing a lalancing 
cavity opening into said valve 'a vity re 
tween the norts in the cylinder and in co 
Inunication with the piston space in the 
cylinder and valve operating gearing (le 
riving motion from said piston. 

2. In an internal combustion engine. a 
cylinder and a piston therein, in combination 
with a cylinder headl fixed in the end of sail 
cylinder, the inner and outer ends of saic 
head being tightly jointed to said cylindler, 
the interneliate portion of saic heal being 
of less diameter than the adjacent portion 
of the cylinder and concentric: there with at 
annular valve cavity being thereby fire : ify, leans in said side of the cylindler co between said ends of the head. Oile site of 
said head and cylinder containing a chilis 
sion and exhaust ports which open into sail 
cavity, an annullar valve of slightly greater 
diameter than the head and of slightly less 
diameter than said adjacent portion of the 
cylinder and occupying said cavity, said 
valve containing two diametrically opposite 
ports positioned to register with a for sail 
ports, the distance between the ports in the 
cylinder approximately equaling the width 
of each port in the valve, said cylinder co 

illular valve occupying said cavity 

valve cavity between its ports, a gear formed 
on the end of said valve, an operator mesh 
ing there with arid deriving rotation from 
said piston, and means for constantly sup 
flying oil to said gears and cavity. 

3. In an internal combustion engine, a 
cylinder and a piston therein, in combina 
tion with a cylinder head, the cylinder hay 
ing admission and exhaust 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 cylinder containing a balancing cavity 
in one side adjacent to its ports and of 
greater 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 operating said valve in time with 
the movements of said piston. 

4. In an internal combustion engine, a 
suitably cooled cylinder and a piston there 
in. in combination with a suitably cooled 
cylinder head fixed in the end of said cylinder, 
sail head being of less diameter than the 
adjacent portion of the cylinder and con 
centric 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 

and 
cooled by the cylinder and head, said valve 
containing a port positioned to register with 
aforesail ports, said cylinder containing a 
balancing cavity opening through the outer 
wall of said valve cavity between the ports 
it the cylindler and in continication with 
the list on space in the cylinder and valve 
(trating gearing deriving motion from 
sail list (in. 

5. In an internal combustion engine, a 
'Aliner and a list on the rein, in combina 
tion with a cylinder head fixed in the end of 
said cylinder, said head being of less diam 
eter that the adjacent portion of the cyl 
inter and concentric: there with an annular 
valve cavity being thereby formed between 
the cylinder and head, one side of said cyl 
inder containing admission and exhaust 
oils which open into said cavity, a port 

controlling sleeve valve occupying said cav 
acting with the ointer periphery of the valve 
and sistantially balancing said valve in 
said cavity, and valve operating gearing act 
ing on the valve and deriving motion from 
said piston. " 

?i. In an internal cornht stion engine, a 
cylinder it combination with a piston therc 
in, a heat within the end of the cylinder, 
means securing said head against movement 
in said cylinder, sail cylinder and head 
having corresponding admission and ex 
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haust ports, an annular valve disposed cons ment, in the cylinder and effecting tight 
centrically with and between the head and joints between the cylinder walls and said cylinder, said cylinder containing a balanc 
ing port which pens against the outer 
periphery of said valve, adjacent the ports 
in the cylinder, and gearing through the 
medium of which the piston operates said 
valve to oben and close said ports in time 
with the piston movements. 

7. In an interial combustion engine, a 
cylinder and a piston therein, in colubina 
tion, with a cylinder head fixed in said cyl 
inder and having inner and outer ends 
which make i ij - and pressure tight joints 
with the cylintler, the 'cylinder and head 
containing between said joints an anth:1 
valve cavity : ) (d :aving admission and ex 
halist passages and ports, an anillar valve 
of greater diameter than the inner part of 
said cavity and of less diameter than the 
outer part of said cavity and having a port 
to register with the ports in the head and 
cylinder, such differences of diameter pro 
viding capillary spaces between the cyl 
inder, valve and head, a lialancing cavity 
being provided in said cylinder attiacent 
to the admission and exhaust ports the rein, 
means for supplying oil to said valve, and 
ine:ncircumferentially distant fron said 
ports'ankhalancing cavity for rotating said 
valve to open and close said ports in proper 
time with the movements f said piston. 

S. In internal coalilstion engine a 
cyliner having a piston containing por 
tion and a lead containing portion, in coin 
if a lion with a head having its inner end 

in irc. It ?eri'itial and elil wise ‘gagen ent 
with the wills of said pistol containing 
portion and having its outer end circumfer 
entially engaged with the walls of said head 
containing frtill of the cylinder, leans 
sei' ring the head against movement in the 
cylinier an effecting tight joints etween 
sail ends if the heat. and the cylindel', its 
in said cylinder in the it 'I’leciite loor 
tion of the heal, a annular v i \'e cavity 
being provided between the head at 'sin 
der and letween said (its, said cylinder 
containing a lalaiting cavity adjacent to 
its irts and opening it to sail valve cas 
ity, an annular ported valve ?itting said 
valve (a vity, an elling in the side of the 
cylindir arc valv ('invity at a valve : ; e - 
at sit inted in sail eliig. 

1. It an interial it stion engine, a 
cylinder traving a cylindrical pist in con 
taining porti in an a head containing lor 
tion, in culination with a head having 
: iteractitt valve seating portion of less 
dieter thin the lead containing ition 
of said cylinder, said heal having its inner 
end in its liter end engaged with tie 
walls of said piston containing portion and 
said head containing portion espectively, 
means fastening said head against move 

ends of the head, an annular valve cavity 
which is closed 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 
in the cylinder and the head and opening 
into said cavity, a balancing cavity in the 
cy inder and opening into said cavity, an 
a tint lar valve occupying substantially the 
while of said valve cavity and provided 
with a port to register with said admission 
and exhamst ports and means engaged with 
a periphery of said valve and adapted to 
rtitively live said valve in said cavity, 
sil stantially as described. 

i0. In an internal combustion engine, a 
cylinder in conibination with a head the 
ents of which make oil tight joints with the 
cylinder, an annular valve space or cavity 
leig provided yetween the cylinder and the 
lic: it and of Ween said joints, a valve revo 
lily at valle in said cavity, said valve hav 
ig il it it and saic cylinder and said head 
i.eing it provided with admission and ex 
ha list lots which communicate with said 
('a vity, said cylinder containing a balancing 
?ayity between its ports operating to ease 
the valve across said inlet and exhaust ports 
diring monents of pressure in the cylinder 
and ti) press the valve against the ported 
(arti?ti (f the cyliner during moments of 

partial vacatin within the cylinder, and 
lans crating said valve. 
11. In it it 'rnai conibustio 1 engine, a 

('line lit sig it piston-containing portion 
or lit' ant : y : v -and-head-containing 
ortion or ly' distinguished by a valve 

initi-head-seat it is shoulder, in combination 
with in annular sleeve valve containing a 
it it, fitting sail valve-and-head ore of the 
ty tilter a seated on said shoulder of the 
is titler, a heat fitting within the waive and 
laying its it lien eit seated upon said shoul 
tli at tie eit if said valve, Incans securing 
tie hi'?l against movement in the cylinder 
and i' is cling light it is is between the head 
:nd cylinder at the ends of the head, said 
('y in her h; viiig a balancing port which 
sers against the Outer periphery of said 
vals (, : - it is salve actint or ; Tail it driver 
tire for. 

12. In a four-cycle internal combustion 
eigi) (, : single cylinder block or casting 
('?iniaining a plurality of cylinder bores in 
('siniination with kylinder heads, one within 
e: (in sail bore, an an alar sleeve valve be 
tween each lead and cylinder bore and en 
veloped hereby, said heads, valves and cyl 
In tiers having suitable registering ports, 
(a 'll said cylinder having a halancing port 
which opens against the outer periphery of 
the valve, a valve actitating member for si 
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multaneously rotating said valves thereby 
causing the periodic registry of said ports, 
and Ileans 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 leads, one within 
each said bore, an annular sleeve valve be 
tween each head and cylinder bore, said 
heads and cylinders being tightly jointed 
:bove and below respective valves, said 
leads, valves and cylinders having suitable 
registering ports, each said cylinder having 
balancing cavity opening against the outer 

periphery of its valve, a single valve actu 
ating member for simultaneously rotating 
saic valves therely causing the periodic 
regist y of said ports and a single dict con 
t; iiig said member and supplying oil to all 

.. r s: J. Valves. 
i-4. In an interiai "ombustion engine, a 

single block containing a plurality of stit 
illy cooled cylinder bores, in coin bination 
with a single piece suitably cooled head in 

r 

each said bore, a single piece annular sleeve 
valve concentric with and interposed be 
tween each head and its bore, each said head 
being jointed to the cylinder bore above and 
below its respective valve, saic cylinders, 
valves and heads each having in connement 
of ports, a balancing cavity in eiich cylinder 
bore between the ports therein, an open 
ing in the side of each cylinder bore, 
a single valve operating lineuper acting 
upon all said valves through said oen 
ings, a single oil dict containing said icin 
lier and continuinicating with all sail open 
ings, in piston in each bore and it driving de 
vice for said ember, operated by the nove 
ment of said pistols. 

In testillony whereof, I have here unto set 
ny and, this Sth lay of November, 1911, in 
tlic presence of two Sillos' rilling witnesses. 

ET). WAIR) II. EIDEN. 
Witnesses: 

N. CUI:Tis LAM MoND, 
HARLES GILBERT IIA will Y. 
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