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(01. 123-44) ' iclaims. 

This application is a continuation-in-part with 
respect to my copending application Serial No. 
28,195, ?led June 24, 1935, now Patent Number 
2,153,727 of Apr. 11, 1939. . 
The present invention relates to engines and 

has particular reference to internal combustion 
engines of what may conveniently‘ be termed 
bi-rotary type. By the term bl-rotary as herein 
employed is meant that general type or class of 
engine the characteristic feature of which is an 
annular ported valve member encircling the outer 
ends of a bank of radially arranged cylinders, 
with the valve member and the cylinder bank 
mounted to have relative rotary movement and 
with flow of cylinder gases controlled by ports 
in the valve member and in the outer ends of 
the cylinders which pass into and out of com 
munication with each other'due to the relative 
rotary movement between the parts. Within this 
general class of engine either the valve member 
Or the cylinder bank may be rotationally sta 
tionary or both parts may have rotational move 
ment, the essential feature being relative rotary 
movement between these parts. Also within this 
general classi?cation various different combus 
tion cycles may be employed. - 
In certain of its aspects the present invention 

is particularly advantageous in connection with 
Otto cycle operation on the four stroke cycle 
principle and the invention will accordingly here 
inafter be described and illustrated in its appli 
cation to this particular form of engine, it being 
understood however, that such description is by 
way of example only and is not limiting with 
respect to the scope of the invention, which is 
de?ned in the appended claims. l 
The general object of the invention is to im 

prove upon the e?lciency of operation of bi 
rotary engines and to this end the invention in 
one of its aspects contemplates the provision of 
novel means whereby the timing oi the opening 
and closing events of intake and exhaust, par 
ticularly intake, with respect to the cycle of op 
eration of the engine, may be altered to provide 
more ef?cient charging of the engine cylinders 
regardless of variations in speed of operation of 
the engine than has heretofore been attainable. 
In another of its aspects the invention contem 
plates the improvement of combustion e?iciency 
and certainty of ignition by the provision of novel 
means for ensuring the presence of fresh gases 
in the vicinity of the igniting device at the time 
of each ignition and for minimizing dilution of 
the fresh charge inducted into any given cylin 
der with Products of combustion resulting from - 
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the combustion occurring in another and pre- ' 
viously ?red cylinder. , 
The manner in which the general objects and 

other and more detailed objects 01' the invention 
are obtainedv and- the advantages to be derived 
from use of the invention may best be under 
stood from a consideration of the ensuing portion 
of this speci?cation, taken in conjunction with 
the accompanying drawings illustrative of the 
application of the invention to engine structure 
of the class under consideration. ‘ 

Fig. 1 is a partial view in vertical section 
through the engine;v 

Fig. 2' is an enlarged vertical sectional view 
on line 2--2 of Fig. 1; ' 

Fig. 3 is an enlarged detail view in vertical 
section through a portion of the engine; 

Fig. 4 is a view similar to Fig. 3 but showing 
the valve member in a different position of ad 
lustment; 

Fig. 5 is an enlarged detail view in vertical 
section of an ignition pocket venting means; and 

Fig. 6 is a view similar to Fig. 5 of a slight 
modi?cation. - > 

Referring now more particularly to Figs. 1 to 
3 of the drawings the engine illustrated is of 
bi-rotary type of known form and comprises an 
annular valve member indicated generally at I0 
encircling a cylinder bank which in the present 
embodiment comprises a group of seven radially 
arranged cylinders l2. Preferably, but not nec 
essarily, the valve member In is mounted to have 
no absolute rotational movement while the cyl 
inder bank is mounted to rotate. In the em 

7 bodiment illustrated the direction of relative ro 
tation of the cylinder bank with respect to the 
valve member I0 is indicated by the arrow i4. . 
Each of the cylinders I2 is provided with a piston 
16 and in the embodiment illustrated the several 
pistons are connected to. a common crank pin 
ill by meansof a master connecting rod 20 and 
a number of link rods 22. » 
The desired operating phase relation between 

the relatively moving valve member, cylinder 
bank and crankshaft is maintained by suitable I 
gearing interconnecting these major components 
of the engine, which gearing may take any one 
of a number of different well known forms and 
which need not be illustrated or described herein 
in order for the present invention to be under-' 
stood. . _ , 

The annular valve member i0 provides a series 
of peripherally spaced exhaust passages 24 each 
terminating at the inner surface of the valve 
member in an exhaust port 26. ' ' 



2 
Member III is further provided with a plurality 

_of peripherally spaced inlet passages. ll termi 
nating at their inner .ends in. inlet ports II and 
at their outer- ends in inlet manifold connections 
32. Advantageously, as shown, the exhaust pas 
sages extend-radially directly through the valve 
member while the inlet passages extend periph 
erally for some distance between their respec 
tively offset ports 30 and manifold connections 
32, the latter in the present instance being shown 
as opening laterally at one side of the valve 
member. With this arrangement of inlet and 
outlet passages the valve member is heated to 
minimum extent by the hot exhaust gases pass 
ing therethrough and cooling of this member is 
aided by the passage through the member of the 
relatively cool inlet gases. 
Each of the cylinders is open at its outer end 

and carries a sealing element 34 which in the 
embodiment illustrated comprises an annular 
cu?-like member having a cylindrical portion 36 
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telescoped within a cylindrical neck ll at the _ 
outer end of the cylinder and having a ?ange 
portion 40 the outer surface, of which is spher 
ically curved as indicated at "to provide a seal 
ing surface. In addition to the‘sealing elements 
34 the cylinder bank also carries an annular seal 
ing ring which may be in the form of an inte 
gral one piece ring or may be built up of a series 
of segmental shoes 44 having suitable openings 
therein for the reception of the necks 38 of the 
cylinders and for the ?ange portions III of the 
sealing elements 34. ’ ' = _~ ' 

Packing rings 48 are'advantageously provided 
between the sealing elements and the} cylinder. 
necks on the one hand and between the cylinder 
necks and the sealing ring on the other hand. 
The inner surface 48 of the valve member“ is 

cylindrical and serves as a bearing for an an 
nular control member 50 the outer surface of 
which is cylindrical and the inner surface of 
which is spherically curved as indicated at I2. 
Surface 52 is curved vto the same radius as‘the 
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As will be observed from the drawings, the 

peripheral extent of each port 84 in the control ‘ 
member is less than the peripheral extent of the 
respectively cooperating inlet port of the valve 
member and likewise the peripheral extent of 
each port II in the control member is less than ' ' 
the peripheral extent'of the respectively coop 
erating exhaust port of the valve member. On 
the contrary, the ports 12 in the control member 
advantageously have greater peripheral extent 
than the peripheral extent of the inner ends of 
the spark plug bores. 
From Figs. 1 and 3, having particular refer 

ence to the inlet ports Ill, it will be observed that 
ii’ the direction of' rotation of the cylinder bank 
relative to the valve'member is as indicated by - 

\arrow M, the instant of opening of the cylinder 
port for the admission of gases through the inlet 
passage 28 and valve port 30 will be determined 
bythe position of‘the edge ‘ll of the port 64 in 
the control member and by shifting the control 
member peripherally with respect to the valve 
member by actuation of the levers H, the timing 
of commencement of the inlet period may be 
altered with respect to the cycle of operation of 
the engine. - _ 7 

Likewise the timing of the end of the inlet 
period, which is controlled by the cylinder port 
passing the edge 16 of port 64, will be-similarly 
delayed or advanced by shifting the position of 
the control member. 
In like fashion the shifting of the control 

member will operate to alter the timing of the 
commencement and ending of the exhaust period, 
which is determined by the cylinder ports pass 
ing into and out of communication with the ports 

‘ 68 of the'control member. 
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outer spherically curved surfaces of the sealing ‘ 
elements 34 and the outer surface of the sealing 
ring, so that the sealing elements and the sealing 
ring move in sliding contact with the inner sur 
face of the control member to provide a seal 
between the relatively moving‘parts to prevent 
the escape of cylinder gases. 
The sealing ring ill is mounted for turning 

movement relative to the valve member and in 
the embodiment illustrated the sealing ring is 
turned through a limited range of movement 
relative to the valve member by means of levers 
54 pivoted-at 56 to the valve member and pro 
vided at their inner ends with teeth 58 meshing 
with teeth 60 formed on flange portions '2 of 
the sides of the control member 50. 
Member 50 is provided with a series of periph— 

erally spaced ports 84 adapted to cooperate with 
the inlet ports 30 in the valve member and a 
second series of ports~ 80 adapted to cooperate 
with the exhaust ports 28. 
In the engine illustrated, in which ignition is 

effected by means of high tension spark plugs. 
the valve member is provided with a series of 
peripherally spaced spark plug bores 60 in which 
are located the spark plugs 10. The control 
member 50 is provided with a series of similarly 
spaced ignition ports ‘II-to permit communica 
tion to be established between the spark plug 
bores and the interiors of the cylinders when 
the cylinder ports register with the ignition ports 
in the control member. 

.48. 
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It will thus be apparent that the shiftable 
control member provides for varying the timing 
of the opening and closing events for both inlet 
and exhaust and this in turn permits more ef 
iicient operation to be obtained throughout a 
wide range of speeds of operation than would 
be obtainable if the timing of these events remain 
constant. . ' 

It is well known that in high speed engines 
the gases in the manifolds show considerable 
inertia eii'ect. This is particularly the case with 
the intake gases where the pressure diiferential 
between manifold pressure and the cylinder 
pressure during the intake period must of prac 
tical necessity be limited to a relatively low value 
so that high rates of gas acceleration are not 
possible. Experience has shown that in order to 
secure the most advantageous character of oper 
ation the opening and closing events of the in 
take in a high speed engine must take place much 

- later than in a slow speed engine. For engines 
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of automotive or other type which must be 
capable of operating over a wide speed range it 
is usually the practice to adjust these timing 
events for some intermediate speed and this com 
promise results in lower volumetric emciency at 
low speeds andphigh speeds than would be the 
case if the timing of these events could be prop 
erly adjusted to the requirements of the low 
and high speeds of operation. 
In so far as the timing of the opening and 

closing events of the exhaust are concerned a 
high speed engine theoretically requires an earlier 
exhaust opening and a later'exhaust closing than 
a low speed engine. Practice however. shows that 
the time of exhaust opening is not critical. This 
is probably due to the fact that the critical pres 
sure on either side of the exhaust ori?ce is ex 
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ceeded_by a considerable margin so that regard 
less of the operating speed the exhaust gases 
leave the cylinder with approximately the veloc 
ity of sound. 
With the above in mind it will be evident that 

the provision of the shiitable control member in 
accordance with the present invention operates 
to permit the important factors of timing of the 
opening and closing events of the intake and also 
of the exhaust to be adjusted readily to compen 
sate for variations in speed of operation of the 
engine. 
As shown in Fig. 3 the control member is ad 

iusted for low speed operation and as the engine 
speed is increased to a degree rendering retard 
ing in the timing oi‘ the intake desirable, the 
control member may then be shifted to the left 
as viewed in Fig. 3 to e?ect retarding of both 
opening and closing of the intake relative to the 
cycle of operation of the engine. 
Such movement of the control member oper 

ates to retard both the opening and the closing 
ofthe exhaust. As previously noted the open 

, the control member is moved from the position in 
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ing of the exhaust should theoretically be ad- ' 
- vanced with increase in engine speed but as has 
been noted the opening of the exhaust is not a 
critical factor and variation of the timing of this 
event does not have the degree of effect on 
engine operation that the timing of the other 
events have. Consequently, in spite of the fact 
that with the arrangement described the change 
in timing of the exhaust opening is not in ac 
cordance with what is theoretically desirable, 
the improvement in operation effected by the 
retarding of the openingand closing of the inlet 
and the closing of the exhaust with increase in 
speed of operation greatly overbalances any more 
or less purely theoretical disadvantage arising 
from delaying opening of the exhaust with in 
crease in speed of operation. . 
As previously noted the ports in the control 

member, which may conveniently be regarded as 
control ports, have less peripheral extentv than 
their respectively cooperating ports in the valve 
member. With the ports proportioned in this 
manner it will be apparent that shifting of the 
position of the control ports will not affect the 
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- ber pressures ‘and temperatures substantially , 
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length of time in terms of crank travel of the , 
intake or exhaust periods since the control ports 
will not be covered by any part of the wall of 
the valve member in any of the normal positions 
of adjustment of the control member. 
In some instances it may be desirable to alter ' 

the length of either the intake or exhaust period 
or both when the timing is changed and to a 
certain practical extent the length of either or 
both of these periods in terms of crank travel 
may be varied with variation in the timing. 
In order to illustrate how this may be accom 

plished there is shown in Fig. 4, an inlet control 
port 64a the peripheral extent of which is the 
same as the peripheral extent of the port 30 in 
the valve member. , ‘ - ~ _ 

By reference to Fig. 4, it will be observed that 
while in the position of the control member 
shown in the ?gure the theoretical ‘length of the 
intake period is determined by the distance be 
tween the edges 14 and ‘I5 of the- control port, - 
the actual practically 'e?ective‘ lengthlofatime of 
the opening of the port is determined by the. 
distance between the edge ‘I8 of the valve mem 
ber, which overlaps the edge 14 of the control 
member in the position shown, and the edge 16 
of the control port. Thus, in the position of 
the ports shown, corresponding to low engine 
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speed, ‘the really eiiective port opening occurs 
only when the edge ll of the cylinder port passes j 
edge 18 rather than edge ‘II. This is particularly 
true if the. control member is of relatively very 
thin cross-section. It will be evident that as 

the ?gure, in order to delay timing of the open 
ing and closing events, the distance of the clear ~ 
port opening between edges ‘I8 and ‘II will in 
crease so that the~ practical e?ect will be to in 
crease the length of the intake period as the _ 
timing events of this period are retarded for 
increase in speed of engine operation. 
From the above it will be apparent that by 

proper selection of the relative lengths of the 
port openings in the valve member and in the 
control member and proper location of the edges 
of cooperating ports with respect‘to each other, 
numerous variations in the character of timing 
and duration of both intake and exhaust periods 
is obtainable. I 

Because of the shifting of the control member 
relative to the valve member the ignition ports 
12 in the control member advantageously have 
greater peripheral extent than the openings of 
the spark plug bores, in order to insure unob 
structed communication between the place of 
ignition and the compression space of the cyl 
inder in all positions of adjustment of the con 
trol member. 

It will be evident that the control of the posi 
tion of adjustment of the control member may 
be e?ected in any desired fashion, either manu 
ally or in response to one or more factors indic 
ative of change of condition of engine opera 
tion requiring change of adjustment of this 
member. ' 

In bi-rotary_ engines, one of the important 
practical advantages resides in the fact that the 
ignition means may be mounted in the valve 
member where it is exposed to combustion cham 

only for the instant required for ignition to be 
effected. This very obviously reduces the sever 
ity of service on spark plugs, the life of which 
is greatly extended .as compared to what it would 
be if they were mounted in the cylinders. 

Location of spark plugs or other igniting means 
in the valve member, however, introduces a cer 
tain operating di?iculty which it is an object of 
thepresent invention to minimize or _'eliminate. 
The ignition means must evidently be placed in 
a recessed position in the valve member in order 
to permit the parts of the relatively rotating cyl 
inder bank to pass the igniting means. Due to 
this recessed position required for the igniting 
means, a recess which for convenience may be ‘ 
referred to as an ignition pocket must necessar 
ily be formed, particularly when the ignition 
means is in the form of the usual high tension 
spark plug having an outer metal shell and an 
inner core on which are mounted the electrodes 
of the plug and between‘ which a cavity within 
the plug is. necessarily formed. 
With such an arrangement it will be appar 

ent that immediately after ignition for any one 
cylinder occurs, the cylinder moves out of com 
_munication with the spark plug, leaving in the 
ignition pocket a charge of highly compressed 
spent gas. When the succeeding cylinder comes 
into communication with the ignition pocket, the 
spent combustion gases trapped in the ignition 
pocket at a pressure which may be several times 
compression pressure, expand into the compres 
sion space of the‘ cylinder andcontaminate the 



- be practically negligible. - 

4 
fresh charge in the cylinder, particularly in the 
zone adjacent the ignition device. Turbulence 
may cause su?icient mingling of the gases to get 
some of the ignitibie fresh charge to the vicinity 
of'the point of ignition, but the time of commu 
nication between the igniting device and" the 
cylinder is so short that this cannot in all cases 
be depended upon and the condition arising from‘ 
the spent gases trapped in ‘the ignition pocket ' 
may result in irregular ?ring as well as the dis 
advantages arising from dilution of the fresh gas 
charge with the spent gases. 

10 

In order to eliminate this difficulty, the igni- ' 
tion pocket is vented between times of communi 
cation with di?‘erent cylinders and for the sake 
of simplicity of construction this is advantage 
ously accomplished by means of a constantly 
open vent passage of small area which places the 
ignition pocket in communication with a zone 
of low pressure, preferably venting the pocket di 
rectly to atmosphere. , - > 

Referring now more particularly to Fig. 5, the 
venting of the ignition pocket is accomplished by 
means of a special type of spark plug. In this 
construction the plug 82 is seated in the bore 68 
in the usual manner, the plug being of usual con 
struction comprising an outer threaded metal 
shell as carrying an electrode 88 and a central 
core 8' carrying an electrode SI. Inwardly of 
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the electrodes the inner portion of the bore and 80 
the cavity within the plug together form an ig 
nition pocket indicated generally at I! in which 
it will be evident that combustion gases will be 
trapped after a cylinder passes out of commu 
nication with the port 12. ' 
According to the present embodiment of con 

> struction the outer shell 84 of the plug is drilled 
to 'provide a small diameter vent passage N 
which places the ignition pocket in communica 
tion with the atmosphere surrounding the valve 
member. ' ‘ 

With this passage provided, it will be appar- 
ent that the pressure within the ignition pocket 
will be relieved during the time after the cylin 
der which has just been ?red passes out of com 
munication with the pocket and the time when 
the next cylinder comes into communication with 
it. Consequently, when the next cylinder comes 
into communication with the pocket the com 
pression pressure in the cylinder will serve to 
force fresh gases past the electrodes, thus in-_ 
suring the presence of an ignitible mixture at the 
proper place when ignition occurs. A very slight 
loss of fresh gas charge may occur through the 
vent passage 94, but it must be remembered that 
the ignition pocket and consequently the vent 
passage is in communication with the cylinder 
for only an extremely short space of time at the 

- instant of ignition so that the loss of fresh gas 
through the vent passage will be so small as to 

The vent passage does not necessarily have to 
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be placed in the plug and in many instances it ‘ 
may be desirable to arrange it so that a plug of 
standard construction may be employed. 
Such an arrangement is shown in Fig. 6 in 

which the vent passage “a is formed in the wall 
of the valve member and a plug "a of standard 
construction is used. It will be evident that the 
passage “a will vent the ignition pocket 92‘, and 
while with this construction the path of outward 
?ow of the gases through the vent passage when‘ 
a cylinder comes into communication with the 
pocket is not past the electrodes of the plug, the 
presence of fresh gas at the electrodes is never 
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theless insured. The reason for this is that be 
cause of the reduction in pressure resulting 
from the ?ow of the trapped gases through the 
vent passage, the pressure in the ignition pocket 
will be lower than compression pressurewhen the . 
next cylinder comes into communication with 
the‘pocket and any spent gas at low pressure‘ that ., 
may remain in the cavity of the spark plug will 
be compressed by the cylinder charge into the 
inner part of the spark plug cavity, thus'permit 
ting the fresh charge to reach the electrodes, 
which is all that isrequired. 
From the foregoing it will be apparent to those 

skilled in the art that many structural changes ‘ 
may be made in the forms of apparatus herein 
before described by way of example, without de 
parting from the principles of the invention, some 
of which may be employed to the exclusion of 
others. ' ; 

It is accordingly to be understood that the in 
vention embraces within its scope all forms of 
construction falling within the scope of the ap 
pended claims when they are yconstruecl as 
broadly as is consistent with the, state of the 
prior art. ‘ ‘ , ' 

What is claimed is: - 
1. ‘A bi-rotary engine including a crankshaft, a 

cylinder bank and avvalve member, all of said 
parts being ‘mounted to have relative rotary 
movement with respect to‘ each other, said valve 
member having a series'of peripherally spaced 
inlet ports and said cylinder bank including a 
plurality of cylinders having ports at'their work 
ing chamber ends positioned to come into and 
out of communication with‘the ports in the valve 
member due to relative rotary movement between 
the cylinder bank and the valve member, where 
by to admit ?uid to each of said cylinders a ‘plu 
rality of times during each revolution of the cyl 
inder bank relative to the valve member, and a 
control member located between said cylinders 
and said valve member, said control member hav 
ing a series of ports formed therein correspond 
ing in number to the number of inlet ports in the 
valve memberv and correspondingly spaced, and 
said control member being adjustable relative to 
the valve member to alter the timing of admis 
sion of ?uid to the cylinders through said ports. 

2. A bi-rotary engine including a crankshaft, a 
cylinder bank and a valve member, all of said 
parts being mounted to have relative rotary-move 

» ment with respect to each other, said valve mem 
ber having a series of peripherally spaced inlet 
ports and said cylinder vbank including a plu 
rality of cylinders having ports at their working 
chamber ends positioned to come into and out of 
communication with the ports in the valve mem 
ber due to relative rotary movement between the 
cylinder bank and the valve member, whereby to 
admit ?uid to each of said cylinders a plurality of 
times during each revolution of the cylinder bank~ 
relative to the valve member, and a control mem 
ber located between said cylinders and said valve 
member, said control member having a series of 
ports formed therein corresponding in number 
to the number of inlet ports in the valve member 
and correspondingly spaced, the ports in the con- ' 
trol [member having less peripheral extent than 
the corresponding ports in the valve member. and 
said control member being adjustable relative 
to the valve member to alter the timing of ad 
missirtson of ?uid to the cylinders through said 
D0 . 

3. A bi-rotary engine including a crankshaft, 
a cylinder bank and a valve member, all of said 
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parts being mounted to have relative rotary 
movement with respect to each other, said valve 
member having a series of peripherally spaced in 
let ports and a series of peripherally spaced ex 
haust ports alternating with the inlet ports and 
said cylinder bank including a plurality of cyl 
inders having ports at their working chamber 
ends positioned to come into and out of com 
munication with the ports in the valve member 
due to relative rotary movement between the cyl~ 
inder bank and the valve member, whereby to 
admit ?uid to and exhaust ?uid from each of 
said cylinders a plurality of times during each 
revolution of the cylinder bank relative to the 
valve member, and a control member located be 
tween said cylinders and said valve member, said 

15 

control member having a ?rst series of periph- _ 
erally spaced ports located to register with the 
inlet ports in said valve member and a second 
series of peripherally spaced ports located to reg 
ister with the exhaust ports in said valve mem 
ber, and said control member being adjustable 
relative to the valve member to alter the timing 
of gas ?ow to and from said cylinders through 
said ports. 

4. A bi-rotary engine including a crankshaft, 
a cylinder bank and a valve member, all of said 
parts being mounted to have relative 
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5 
movement with respect to each other, said valve 

‘ member having a series of peripherally spaced in- ' 
let ports and a series of peripherally spaced ex 
haust ports alternating with the inlet ports and 
said cylinder bank including a plurality of cyl 
inders having ports at their working chamber 
ends positioned to come into and out of com 
munication with the ports in the valve member 
due to relative rotary movement between the cyl 
inder bank and the valve member, whereby to 
admit ?uid to and exhaust ?uid from each of 
said cylinders a plurality of times during each 
revolution of the cylinder bank relative to the 
valve member, and a control member located be 
tween said cylinders and said valve member, said 
control member having a ?rstseries of periph 
erally spaced ports located to register with the 
inlet ports in said valve member and a second 
series of peripherally spaced ports located to reg 
ister with the exhaust ports in said valve mem 
ber, said ?rst series of ports in said control mem 
her having less peripheral extent than the inlet 
ports in the valve member with which they re 
spectively register, and said control member be 
ing adjustable relative to the valve member to 
alter the timing of gas ?ow to and from said cyl 
inders through said ports. 
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