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The present invention relates to internal com 
bustion engines and has particular reference to 
internal combustion engines of the two cycle type. 
Still more particularly the invention relates to 
tWO cycle internal combustion engines of the kind 
in which one or more banks of cylinders are ar 
ranged in radial or star formation around the 
crank shaft of the engine and are encircled by 
an annular ported valve member with respect to 
which the cylinder bank has relative rotary 
motion. 

In So far as the present, invention is con 
Cerned the engine may operate on the Diesel cycle 
with compression ignition or may be of the type 
in which a charge is fired by means of a spark 
plug or other timed ignition means. 

In engines of the character described, the de 
sired relative motion between the cylinder bank 
and the encircling valve ring may be obtained in 
different ways. That is, the valve ring may be 
stationary or both it and the bank of cylinders 
may rotate, but at different absolute speeds. The 
preferred form of construction is, however, one 
in which the outer valve ring is stationary and 
in Which the bank of cylinders rotates in a direc 
tion Opposite from the direction of rotation of 
the crank shaft, and the present invention will 
accordingly be described in connection with an 
engine constructed to operate in this manner, 
although it will be understood that it is equally 
applicable to engines in which the desired rela 
tive notion between cylinders and valve is at 
tained in other ways. 
The general object of the present invention is 

to provide novel and improved construction 
whereby engines of the general type under con 
sideration may advantageously be operated in 
accordance with the two stroke cycle. The man 
ner in which the invention may be carried into 
effect and the more detailed objects and advan 
tages thereof may best be understood from a 
consideration of the ensuing portion of this 
specification, taken in conjunction with the ac 
companying drawing, descriptive of a suitable 
form of construction which is illustrated by way 
of example. 

In the drawing: 
Fig. 1 is a vertical section taken in the central 

plane of the cylinder bank; - - - 
Fig. 2 is a partial section on larger scale taken 

transversely to Fig. 1. 
Fig. 3 is a section taken on the line 

Fig. 1; and 
Fig. 4 is a section taken on the line 4-4 of 

Fig. 1. 
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Referring now to the drawing, the engine illus 
trated has a bank of five radially arranged cylin 
ders to suitably secured to a crank case 2 mount 
ed for rotation about the axis of crank shaft 
4, there being suitable bearings 6 and 8 be 
tween the crank case and the crankshaft. These 
bearings are advantageously of the kind which do 
not limit axial movement of the crankshaft rela 
tive to the crank case and the cylinder bank is 
encircled by an annular valve member 20 pro 
vided with a series of exhaust ports 22 passing 
therethrough. Ports 22 are equally spaced 
around the periphery of the valve ring and are 
spaced from each other by the amount indicated 
by angle t in Fig. 1. For reasons which will 
hereinafter appear, the number of exhaust ports 
is not the same as the number of cylinders and 
in the present instance is six, for the five cylin 
diers shown. 
The inner face of the valve ring is ground to 

provide a concave spherically curved surface 24 
and the open outer ends 26 of cylinders 0 are 
sealed by the seating against the inner face of the 
valve ring of a series of annular sealing members 
or cuffs 28, one for each cylinder, which cuffs 
have cylindrical barrel portions 30 slidably 
mounted for movement longitudinally of the 
cylinder axes and flange portions 32 with Convex 
spherically ground outer faces seating against 
the spherically ground inner surface of the valve 
ring. The cuffs 28 are suitably packed by rings 
or the like (not illustrated) to prevent leakage 
between them and the cylinders and are ad 
vantageously held outwardly in radial direction 
against the valve ring by means of suitable 
springs or the like (not illustrated). The details 
of construction and mounting of the Sealing 
members are not, per se, a part of the present 
invention and need not be described herein in 
detail. Such details of construction for sealing 
elements of this kind are fully disclosed in U. S. 
Patent No. 1,915,582, granted to Ignacz, Sklenar 
June 27, 1933. If desired, intermediate sealing 
shoes extending between adjacent cylinders and 
bearing against the valve ring, may be employed, 
as disclosed in said patent. 
As will readily be apparent from Figs. 1 and 2, 

relative rotary motion between the cylinders and 
the valve ring brings each of the cylinders Suc 
cessively into registration with the several ex 
haust ports and between the times when the 
cylinders are in registration with these ports the 
cylinders are sealed at their outer ends by the 
valve ring. 
The waive ring is supported by the rotationally 



2 
fixed casing which at 6 provides a bearing 
for one end of crank shaft 4. This bearing, 
like bearings and 8, is preferably of the type 
which will permit relative axial movement be 
tween the crankshaft and casing 34. 
The opposite end of the crank shaft has jour 

naled thereon an annular manifold structure 38, 
the outer wall of which cooperates with the cir 
cular portion 40 of the stationary casing 34 to 
form a bearing which is suitably packed as by 
means of rings 42. - 
The central manifold structure 38 is connected 

by means of radial manifold arms 44 (one of 
which is shown in Fig. 1) to the several cylinders, 
and at their outer ends these manifold arms con 
municate with annular passages 46 encircling the 
cylinder barrels. Communication between pas 
sages 46 and the interiors of the several cylinders 
is provided by means of inlet ports 48. As will 
be observed from Fig. , the manifold structure 
is fixed with respect to and rotates with the cyl 
inder assembly. 

Each of the cylinders is provided with a piston 
SD and the pistons of the several cylinders are in 
terconnected with each other and with the crank 
pin 52 of crank shaft f4 by the usual arrange 
ment of master rod 54, journaled on the crank 
pin, and connecting rods 56 which at their lower 
ends are pivotally connected to the master rod. 
This connecting rod construction is of conven 
tional and well known form for radial engines 
and need not be described herein in detail for an 
understanding of the present invention. It will 
further be understood that other connecting rod 
arrangements may be employed. 
In the embodiment illustrated, the "cylinders 

and crank shaft are arranged to rotate in oppo 
site directions in suitably timed relation and this 
opposite rotation is effected through the medium 
of the gear train comprising gear 58 secured to 
the crank shaft, gear 60 mounted for rotation 
about a stationary axis provided by the support 
62 fixed on the stationary casing 34, and the in 
ternal gear 64 formed on flange 66 extending from 
the cylinder and crank case assembly. 
As previously noted, six exhaust ports are em 

ployed in the five cylinder embodiment illus 
trated and in this connection it is to be noted 
that the number of exhaust ports cannot be the 
same as the number of cylinders. If the number 
of cylinders is N, the smallest number of exhaust 
ports in an operative engine of the kind disclosed, 
with crankshaft and cylinders rotating in oppo 
site directions, is N--. The angle a which sepa 
rates two successive exhaust openings, is there 
fore equal to 

2. 
N-1 

Consequently, when the crank shaft effects one 
complete revolution (2r), one cylinder must 
travel in the opposite direction through an angle 
equivalent to the distance between two successive 
exhaust ports, that is, minus 

2r 
N-1 

this of course being based on two cycle operation 
of the engine. The ratio of the speed of the 
cylinder assembly to the speed of the crankshaft; 
is therefore 

-- 
N-1 
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in absolute value, which makes it readily possi- 75 
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ble to determine the proper gear ratio for the 
gear train 5, 6, 64 for any given number of 
cylinders. 

If through the interposition of an additional 
idler gear in the gear train or through direct 
meshing of the crank shaft gear with the inter 
nal gear on the cylinder assembly, the cylinders 
were made to rotate in the same direction as the 
crank shaft, the number of exhaust openings 
would be N-1 and the speed ratio between cyl 
inders and the crank shaft would be 

-- 
N-1 

in absolute value. This latter arrangement is, 
however, to be avoided since it results in absolute 
speeds of rotation which are higher for a relative 
speed equal to the relative speed in the example 
illustrated. 
The portion 4 of the stationary casing sur 

rounding the rotating manifold structure has 
connected thereto the air intake passage. 68 
through which air under pressure is delivered 
from a suitable pump or supercharger T. 
The admission of air to the manifold structure 

38 from the intake passage 8 is controlled by 
valve means comprising in the illustrated embodi 
ment a rotary valve consisting of ported plates 
72 and 74. Plate 72 is integral with and forms in 
effect an end plate for the manifold structure 
38, and of course rotates with this structure at 
cylinder speed. Plate 4 is fixed to crank shaft 
4 and rotates at crank shaft speed. As will be 
observed from Fig. 3, plate T2 is provided with a 
Series of ports, these ports being equally spaced 
circumferentially of the plate and the number 
of ports being equal to the number of cylinders. 
Plate 74 on the other hand is provided with a 
single port 78 adapted to successively register 
with the several ports in plate 72 upon rotation 
of the two plates relative to each other. The 
central manifold structure S is advantageously 
provided with axially extending radial partitions 
9, these partitions being spaced peripherally and 

located between adjacent port openings so that 
individual separate passages are provided from 
the valve formed by plates 72 and 74, which may 
for convenience be termed a timing or distribut 
ing valve, to the admission ports 48 in the several 
cylinders. 
As previously noted, the manner in which the 

scharges are formed and ignited in the several 
cylinders may be varied. By way of example the 
engine illustrated is shown as being provided with 
a series of fuel injecting nozzles or injectors for 
injection of fuel and with a series of spark plugs 
82 for its ignition. The number of injectors pro 
vided is equal to the number of exhaust ports, 
six in the present embodiment, and they are 
spaced from each other by a distance represented 
by angle a, the same angle as that separating the 
exhaust ports. Obviously, if sparkplugs or other. 
ignition devices are employed for timed ignition, 
the number of such devices is the same as the 
number of injectors and they are equally spaced 
around the valve ring in the same manner as 
the injectors. They may, as in the example illus 
trated, be in communication with the inner face 
of the valve ring through an opening common 
to an associated injector or through separate 
Openings adjacent to the injector openings and . 
properly spaced relative thereto for the timing 
of the cycle of operation of the particular engine 
in which they are used. Obviously, if the engine 
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is intended to operate with compression ignition, 
the igniting devices may be omitted entirely. 
The method of operation of the above de 

Scribed engine is in accordance with well known 
and understood principles of operation for a 
two-cycle engine of the injection or Diesel type 
with simultaneous scavenging. The cycle is as 
follows: As shown in Fig. 1, the piston 50 is at 
the bottom of its stroke and in this position 
the cylinder ports 48 have been fully uncovered 
by the piston. The gearing which determines 
the position of the piston in the cylinder, in 
relation to the position of the cylinder with re 
spect to the valve ring, is so adjusted that with 
the piston at the bottom of its stroke, the pas 
Sage through the annular cuff or sealing mem 
ber 28 is in registry with an exhaust port 22. 
Also, port 8 is in registry with one of the ports 
76 in the valve plate 72 of the air distributing 
valve. With the parts in these relative positions, 
air under pressure from the Supercharger is 
forced in the direction of the arrows b through 
the manifold structure and ports 48 in the cylin 
der to Scavenge the same by forcing the prod 
lucts of combustion out through the exhaust port. 
The piston 50 on its ascending stroke covers 
ports 8 to cut of further admission of air to 
the cylinder and at the same time air admission 
is gradually closed off by passage of the distrib 
uting valve port 8 out of registry with the port 
76 with which it was in registry when the pis 
ton was at the bottom of its stroke. Also, as 
the piston ascends, the rotary movement of the 
cylinder with respect to the valve ring carries 
the sealing member out of registry with the 
exhaust port with which it just registered and 
air is thus trapped in the cylinder and com 
pressed by the piston during the remaining por 
tion of its upward or compression stroke. By 
the time the piston is at or near its upward 
dead center, the rotary movement of the cylin 
der has carried it to a position such that the 
Opening in the sealing cuff is in registry with 
an injector and fuel is injected into the air 
charge in the cylinder. If compression ignition 
is relied upon, ignition will, of course, immedi 
ately take place upon entry of the injected fuel 
into the cylinder and if such ignition is not relied 
upon, the charge is ignited by the spark at the 
proper time. On the power stroke, the cylinder 
moves toward the next exhaust port and by the 
time it reaches this port piston 50 has reached 
a position in the cylinder where it is about to 
or is gradually uncovering the admission ports 
48 through which scavenging air is again ad 
mitted, the distributing valve parts having in the 
meantime moved to a position such that Scave 
enging air is again admitted to the manifold 
structure. 

It will be seen that in the arrangement illus 
trated there is complete coincidence of the port 
opening 78 in the distributing waive with one 
of the openings 76 for each revolution of the 
crank shaft relative to the cylinder bank, which 
is the same as one complete cycle of a cylinder 
because of the fact that the cycle is a two-stroke 
cycle. Therefore, the distributing device makes 
it possible to vary, independent of the exhauist 
angles of the engine, the angles of opening and 
closing of the admission of air, which would 
otherwise be controlled entirely by the relation 
of the piston in each cylinder to the air admis 
sion ports 48 in that cylinder. Furthermore, the 
timing control of the air through the distribut 
ing valve arrangemeat makes it possible to de 

3 
crease the length of the piston 50 since the skirt. 
portion 84 thereof is then not required to pro 
vide a Seal for the admission ports 48 when the 
piston is at its upper dead center. 
From the foregoing it will be evident that 

many different modifications of engine structure 
may be employed without departing from the 
SCOpe of the present invention and that the 
invention is applicable to different modes of 
charge formation and ignition in two cycle oper 
ation. The Scope of the invention is therefore 
to be considered as embracing all forms and 
types of engines falling within the scope of the 
appended claims when they are construed as 
broadly as is consistent with the state of the 
prior art. 
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What is claimed: 
1. In a two-cycle internal combustion engine 

of the kind having a bank of cylinders arranged 
radially around the crankshaft of the engine, 
a circumscribing valve ring having a series of 
exhaust ports therein, and means providing for 
relative rotary motion between said cylinders and 
said valve ring, the combination with the afore 
said parts of air admission ports in each of said 
cylinders located to be covered and uncovered by 
movement of the pistons and means for supply 
ing Scavenging and combustion air to said ad 
mission ports comprising, a source of air under 
pressure, manifold structure for conveying air 
from said source to said air admission ports, 
and engine driven valve means for distributing 
the air in proper timed sequence to the 
respective. admission ports including a first valve 
member formed with a single port, a second valve 
member formed with a number of ports equal 
to the number of cylinders and means for ro 
tating said valve members relative to each other 
at a speed ratio of unity to a number differing 
from the number of cylinders by one. 

2. In a two-cycle internal combustion engine 
of the kind having a bank of cylinders arranged 
radially around the crankshaft of the engine for 
relative rotary motion therebetween, a circum 
scribing valve ring having a series of exhaust 
ports therein and means providing for relative 
rotary motion between said cylinders and said 
valve ring, the combination with the aforesaid 
parts of air admission ports in each of said 
cylinders located to be covered and uncovered by 
movement of the pistons, a source of air under 
pressure, manifold structure for conveying air 
from said source to said air admission ports, and 
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engine driven valve means for distributing the 
air in proper timed sequence to the respective 
admission ports including a first valve member 
formed with a single port, a second valve mem 
ber formed with a number of ports equal to the 
number of cylinders and means for rotating said 
valve members in Opposite directions at a speed 
ratio of unity to a number exceeding by one the 
number of cylinders. . 

3. In a two-cycle internal combustion engine 
of the kind having a bank of radially arranged 
cylinders mounted to rotate about a crankshaft 
and having stationary casing structure Support 
ing a valve ring circumscribing said cylinders 
and having a Series of peripherally spaced ex 
haust ports adapted to register with said cyl 
inders, the combination with the aforesaid parts 
of air admission ports arranged in said cylinders 
to be uncovered by the pistons therein, a mani 
fold structure for admitting air to said ports, 
Said manifold structure being fixed to and ro 
tating with said bank of cylinders and having 



4. 
centrally located inlet for air, means for Supply 
ing air to said manifold structure and valve 
means for controlling the admission of air to 
said manifold structure including a valve mem 
ber having a single port mounted to rotate with 
said crankshaft, a second valve member having 
a number of ports equal to the number of cyl 
inders mounted to rotate with said cylinders, and 
gearing between said crankshaft and cylinders 
having a gear ratio of unity to a number differing 
by one from the number of cylinders. 

4. In a two-cycle internal combustion engine 
of the kind having a bank of radially arranged 
rotatably mounted cylinders and a stationary 
casing structure comprising an annular valve 
ring having a series of spaced exhaust ports 
therein adapted to register with said cylinders, 
the combination with the aforesaid parts of air 
admission ports located in Said cylinders and 
adapted to be covered and uncovered by the pis 
tons therein, a manifold structure fixed to and 
rotating with said cylinders, said manifold struc 
ture including a central annular portion en 
circling the crankshaft of the engine and a 
plurality of radially extending manifold arms for 
connecting said central portion with said ad 
mission ports, valve means for admitting air to 
said central portion in desired timed relation 
to the engine cycle comprising a ported end plate 
rotating with the cylinder bank and having a 
number of ports equal to the number of cylinders 
and a cooperating plate having a single port 
fixed to and rotating with the crankshaft, and 
gearing between said crankshaft and cylinders 
having a gear ratio of unity to a number differin 
by one from the number of cylinders. 

5. In a two-cycle internal combustion engine 
of the scavenging type having a bank of radially 
arranged rotatably mounted cylinders, a rotat 
ably mounted crankshaft, and means for con 
necting said cylinders and said crankshaft to 
cause relative rotation therebetween in prede 
termined timed relation, the combination with 
the aforesaid parts of means for admitting 
Scavenging air to said cylinders including ad 
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mission ports in the cylinders arranged to be 
opened and closed by the pistons and distribut 
ing valve means for separately controlling the 
admission of Scavenging air to said ports, said . 
valve means including a first valve member 
formed with a single port, a second valve member 
formed with a number of ports-equal to the 
number of cylinders and means for rotating said 
valve members relative to each other at a speed 
ratio of unity to a number differing by one from 
the number of cylinders. 

6. In an internal combustion injection engine 
of the two-cycle type having a bank of radially 
arranged rotatably mounted cylinders, a crank 
shaft, means connecting the crankshaft and the 
cylinders to provide relative rotation there 
between, and a stationary casing structure pro 
viding a valve ring encircling said cylinders and 
having a plurality of exhaust ports adapted to 
register with said cylinders, the combination with 
the aforesaid parts of a series of fuel injectors 
mounted in said ring intermediate said exhaust 
ports and located so as to register with successive 
cylinders when the pistons thereof are at or near 
their upper dead center position, and means for 
admitting scavenging and combustion air to said 
cylinders including air admission ports in the 
lower portions of the cylinders located to be 
covered and uncovered by the pistons and means 
for controlling the supply of air delivered to said 
air admission ports comprising manifold struc 
ture moving with the cylinder bank and dis 
tributing valve means associated with said bank 
and said crankshaft, said distributing valve 
means, said valve means including a first valve 
member formed with a single port, a second valve 
member formed with a number of ports equal 
to the number of cylinders and means for ro 
tating said valve members relative to each other 
at a speed ratio of unity to a number differing 
by one from the number of cylinders, to thereby 
time, the admission of air to said cylinders inde 
pendently of the timing effected by said air ad 
mission ports. Y 
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