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The present invention relates to engines and
has particular reference to engines of what may
conveniently be termed the hi-rotary type, in
which there is relative rotary motion between a

5 cylinder bank and a ported valve member asso-
ciated therewith and having valve ports for con-
trolling flow of cylinder gases. Still more par-
ticularly the invention relates to bi-rotary en-
gines of the kind in which the cylinders are in

10 radia] or star arrangement and are encircled by
an annular valve member.

In engines of this general type, the relative
movement between - cylinder bank and valve
member may be obtained either by having either

15 the cylinder bank or the valve member stationery,
or by mounting both of these parts for rotation
at different absolute speeds. ‘
Because of the greater ease of mounting en-
gine auxiliaries, manifolds, etc., the usual form
of construction employs a stationary valve mem-
ber forming a part of the housing and mounting
structure of the engine and the present inven-
tion will be described in connection with such
form of engine although it is to be understood

o5 that the invention is not limited to this specific
form of the bi-rotary type.

Oneé of the salient objects of the present in-
vention is to provide an improved form of bi-
rotary engine construction which will enable

30 timed ignition to be employed without resorting
to the usual forms of high tension spark ignition
of the.kind which utilizes high frequenc§ cur-

1
(]

rents which interfere with the transmission and

reception of radio frequency signals.

33 A further important object of the invention is
the provision of improved bi-rotary engine con-
struction whereby the timing of an ignition sys-
tem of a kind not interfering with radio fre-
quency signals may be varied readily with respect

40 to the engine cycle. Still another object of the
invention is the provision of improved engine
structure of the kind under consideration which
in combination with means for varying the tim-
ing of ignition also provides means for readily

45 Mmeasuring the torque being developed by the
engine at any given time. Still another object
of the invention is the provision of improved
gearing for maintaining the several relatively
rotating components of the engine in desired

;0 phase relation with respect to each other and
which permits such phase relation as between
certain of the relatively rotating parts to be
varied at will within predetermined limits.

Other and more detailed objects of the inven-

55 tion and the manner ;n which the several objects

(CL 123—44)

are attained will best be understood from a con-
sideration of the ensuing portion of this speci-
fication taken in conjunction with the accom-
panying drawings illustrating one suitable form
of apparatus for carrying the invention into
effect.

In the accompanying drawmgs

Fig. 1 is a partial longitudinal central section
of a bi-rotary engine embodying the features of
the invention, showing one of the pistons at the
end of its exhaust stroke;

Fig. 2 is a section taken on the line 2—2 of
Fig. 1 showing the piston of Fig. 1 at the end
of its compression stroke;

Fig. 3 is a section similar to Fig. 2, showing the
piston somewhat ahead of top dead center on its
compression stroke;

Figs. 4 and 5 are diagrammatic sections taken
respectively on the lines 4—4 and 5—5 of Fig. 1;

Fig. 6 is a section on enlarged scale taken on
lines 6—6 of Figs. 1 and 7;

Fig. T is a section taken on the line 7—-1 of
Fig. 6; and

Figs. 8, 9, and 10 are sections taken respectively
on the lines 88, 9—9, and 10—I10 of Fig. 7.

Referring now to Fig. 1, the engine comprises a
stationary mounting structure indicated gen-
erally at 10 and comprising an annular ported
valve ring 12 supported between a forward cas-
ing member 14 and a rear casing member 16, the
latter being provided with suitable mounting
brackets or the like (not shown) for holding the
engine, The valve member 12 is provided with a
plurality of peripherally spaced ports for con-
trolling cylinder gacas, one of the exhaust ports
18 being shown in Fig. 1, the port being adapted
to communicate with an exhaust manifold
secured to the valve member by means of suit-
able studs, one of which is shown at 8.

Mounted for rotation within the valve ring is
a cylinder bank indicated generally at 20 and
comprising a crank case structure 22 and a plu-
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rality of radially arranged cylinders 24 secured .

to the crank case structure. In the present em-
bodiment only a single cylinder bank is illus-
trated, but it will be understood that in so far as
the present invention is concerned, the engine
may comprise a plurality of cylinder banks
axially arranged.

Mounted for rotation at the axis of the engme
is the crankshaft 26, provided with crank pin
28 upon which is journaled the large end of a
master connecting rod 80, the small end of which
is connected to piston 32 by means of the usual

wrist pin 34. In the engine illustrated the cylin-

50
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V der bank comprises seven cylinders, the pistons

of the cylinders not shown being connected to
the master connecting rod by means of rods 36,
shown in Fig. 2.

The crankshaft is mounted for rotation rela-
tive to the crank case structure by means of

- bearings 38 and 48, and at its forward end pro-
- vides a socket bearing 42 for the reception of the

10

rear end of a power shaft 44, the forward end of
which is supported by a bearing 46 mounted. in
the stationary housing member {4. The forward

- end of the power shaft 44 is,adapted to transmit

15

the power developed by the engine to a propeller
or power utilizing means.

" Each of the cylinders 24 terminates at its outer
end in a cylindrical neck 48 in which is telescoped
an annular sealing element or cuff 50, the outer
surface 52 of which is in sliding bearing contact

* with a complementary inner sealing surface or

20

valve track 54, forming the inner face of the
valve member {2. Preferably surfaces 52 and 54

" are spherically curved and the sealing elements

25

30

35

40'
ments 50.

80

are advantageously held in contact with the seal-
ing surface of the valve member by means of
springs 56 interposed between the flanges at the
outer ends of the elements and the ends of the
cylindrical necks 48.

In addition to the sealing elements 56, a ring-
like sealing member $8 is provided which may
be integral or in the form of a number of seg-
mental shoes. The outer surface of the sealing
member is curved to mate with the surface 54
of the valve member and the sealing member is
provided with a series of peripherally spaced
apertures 80 through which the sealing elements
50 project into sealing contact with the valve
member. The function of the sealing member
58 is to close the valve ports in the valve mem-
ber when they are not in registry with the cylin-
der ports provided by the annular sealing ele-

The engine illustrated is of the four stroke
cycle explesion type and is constructed so that
the cylinder bank rotates relative to the sta-
tionary structure including the valve member in
the direction of the arrow 62, Fig. 2, while the
crankshaft rotates in the direction of the arrow
64 (Fig. 2). These directions correspond respec-
tively to counter-clockwise and clockwise as
viewed from front to Year of the engine and in
the following description the directions of rela-
tive movement of the various parts will be re-
ferred to from this point of view.

In order to secure the desired rates of relative
rotation between the several major components
of the engine, of which the mounting structure
may be considered as one, the cylinder bank and
associated structure as the second, the crank-
shaft as the third, and the power shaft as the
fourth, gearing is provided which will now ‘be
described. . .

This gearing comprises what may be termed

a compound planetary gear divided into two sec-

m

“which meshes with the smaller pinions 72,

tions. The first section comprises a crankshaft
gear 66, secured to the forward end of the crank-
shaft, and a planet carrier 68 carrying a plurality
of peripherally spaced compound planets T0.
Each of the compound planets 10 comprises two
planet pinions 12 and 74, the latter being of
larger diameter than the former. The planets
are mounted outside the crankshaft gear 66
A
gear case member 76 is secured to the crank case
structure, and has formed thereon or attached
thereto an internal ring gear 18 which encircles

2,234,187

and meshes w1th the outer portlons of the
pinions 74.

An annular drum-like member 80 is mounted
to have limited turning movement with respect

.to the casing structure by means hereinafter to

be described, this member, for the purposes of
this description, being conveniently termed an
adjustable stationary member. Member 80 is
provided with an internal ring gear 82 encircling

the planet pinions 72 and meshing with the outer

portions thereof.

The second section of the planetary gearing
comprises a crankshaft gear 83 also fixed to the
crankshaft and meshing with the inner portions
of a set of planet pinions 84. The outer por-
tions of these planet pinions mesh with a second
internal ring gear 86 carried by the adjustable
stationary member 88, The several planet pin-
ions 84 are carried by a planet carrier constructed
to rotate with the power shaft 44 and in the pres-
ent instance formed by an integral radially ex-
tending flange 88 formed on said shaft.

The operation of the above described gearing
is as follows, it being assumed-for purposes of
explanation that the member 80 is stationary
with respect to the housing structure. Consider-

ing first the section of the gear first deseribed

and with reference to Fig. 4, it will be evident
that if the crankshaft gear 66 rotates in clock-
wise direction as indicated by the arrow in the
figure, the planet pinions 72 rolling on the sta-
tionary gear 82, will cause the planet carrier 68
to rotate in clockwise direction and will also
cause both the planet pinions 72 and the planet
binions 14 to rotate together about the axes of
the respective compound planets in counter
clockwise direction as indicated in Fig. 4. Be-
cause of the greater diameter of pinion 74 as
compared with pinion 72, and the movement of
rotation about the axis of the gearing and about
its own axis imposed on the former pinion by the
action of the latter pinion, it will be evident that
pinion 74 meshing at its outer part with the
cylinder gear 18 will cause the latter gear, and
with it the cylinder bank, to rotate in counter-
clockwise direction. It will be evident that the
desired ratio of absolute speeds of the crankshaft
and cylinder bank may be secured by proper
proportioning of the pitch diameters of the sev-
eral gears. By way of example, it may be noted
that for a four-cycle engine having seven cylin-
ders per bank and with the cylinder bank and
crankshaft rotating in opposite directions, the
absolute speed of rotation of the cylinder bank is
one-seventh that of the absolute speed of the
crankshaft.

Referring now more partxcularly to Fig. 5, it
will be evident that if the crankshaft gear. 83
of the second section of the gearing rotates in
clockwise direction, the pinions 84, meshing with
the stationary gear 86, will be caused to rotate
in counter-clockwise direction about the axes of
the pinions and that the planet carrier will be
caused to rotate in clockwise direction, as in-
dicated, but at a speed less than the speed of the
crankshaft, thus providing for a gear reduction

- between the crankshaft and the power shaft.

This gear reduction is particularly advantageous
in the case of aviation engines on the power
shafts of which propellers are directly mounted,
in order to secure relatively low propeller speeds
with high crankshaft speeds. It will be evident
that the desired ratio of gear reduction can be
procured by properly relating the diameters of
the several gears in the second gear section.
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It will further be evident that in so far as the

principle of the gearing is concerned, the: two.

crankshaft gears 66 and 83 of the present em-
bodiment may be of the same pitch diameter and
arranged to mesh with planet pinions 12 and 84
of like. diameter, which in turn mesh with sta-
tionary gears 82 and 86 of like diameter. In

such case a single crankshaft gear, stationary .

gear and planet carrier is sufficient, but the con-
struction described, with the gearing divided into
two sections, provides the advantage of permit-
ting different reduction gear ratios for the power
shaft to be provided readily for use with the same

engine, by merely substituting crankshaft gears

83 and planets 84 of different size, without dis-
turbing the remainder of the gearing.

Referring now to the adjustable stationary.

member 80, and the manner of mounting this

member and providing for its controlled adjust-

ment to different positions within its range of
turning movement relative to the casing, it will
be seen from Fig. 1 that the drum-like member
80 is secured as by means of bolts 90 to a mem-
ber 92 journaled on a hub part 94 secured by
means of bolts 86 to the stationary housing mem-
ber 14. Member 92 is provided with a radially
extending flange portion 92a and member 94§
is provided with a radially extending flange por-
tion 94a axially adjacent. to the flange portion
922 of member 92. The flange 94a (see Fig. 6)
is cut away to provide a series of peripherally
spaced recesses with intervening projections 94b.
The flange 82a is likewise cut away to provide
a series.of peripherally spaced projections 92b.
The projections on the respective flanges are
staggered peripherally and the outer portions
thereof overlap axially to provide stops 92c¢ and
94c. Between each adjacent pair of projections,
tangentially arranged control cylinders are in-
terposed. In the embodiment illustrated, eight
of such cylinders are employed but the number of
cylinders used may be varied as desired.

In Fig. 6 the construction of one of said cylin-
ders is shown and it will be sufficient to describe
one -such cylinder since all are alike.
now to Fig. 6, the control cylinder 98 is secured
to the projection 94b by means of a suitable
stud 100 and has mounted for reciprocation
therein the piston 102. .Piston 102 is provided
with a hemispherically faced ball member |04
providing one of the elements of a ball and socket
joint, the other element of which is formed by a
dash pot piston 106 arranged to slide in a dash

.pot cylinder 108. The base of the latter cylinder

is recessed to form one part of a ball and socket
connection, the other part of which is provided
by a hemispherically curved abutment element
110 mounted in a suitable recess in the projec-

-tion 92b.

A coil spring 112 around the dash pot cylinder
108 and compressed between suitable flanges on
the dash pot cylinder and piston, tends to force
the dash pot elements apart. The interior of

‘the dash pot and the interior of the main cylin-

der are placed in communication by means of a
passage |14 controlled by a check valve (1§ open-
ing toward the dash pot cylinder.

A manifold 118 for liquid under pressure, pref- -
-erably Iubricating oil from a suitable high pres-

sure oil pump driven by the engine, is provided,
this manifold being provided with a suitable
number of branch connections (20 each affording
communication between the manifold and one of

‘the pressure cylinders.

Flow of oil under pressure to this manifold is

Referring

3

controlled by means of a control valve indicated
generally at 122 and a pressure gauge 123 is
provided, this gauge being connected to the
manifold {18 for the purpose of indicating the
pressure of the fluid therein. 5
The control valve {22 comprises an outer’ cas-

“ing (24 providing an inlet 126 to which pressure

fluid is admitted. In the embodiment shown, the
source of fluid under pressure is pipe 128 leading -
from the pressure pump driven by the engine. 10
Casing 124 also provides an outlet 130 which
by means of a suitable connection 132 provides

-communication -between the interior of the valve

and the manifold t18. An annular valve mem-

ber or sleeve {34 is mounted for turning move- 15

* ‘ment in the bore of the casing  (24. Sleeve 134

is provided with three circumferentially extend-
ing and axially displaced grooves. 136, 138, and,
140. Groove 136 is axially in alignment with the
inlet- 126 in the housing; groove (40 is axially 20
in alignment with the outlet; and groove 138 is
axially 'in alignment Wlth a. relief or ovelﬂow
port (42.

An open standpipe (43 prov1dmg a reservoir .
145 communicating with port 142 is provided o3

. above this port. This standpipe may be cast as a

part of the valve housing 124 or may be a suit-
able length of pipe screwed into the housing.

- The sleeve 134 is provided at one end with an
external actuating arm 144 slotted at 146 to re-
ceive a sliding lock 148 carried at the end of an
arm 156 rigidly fixed to the member 92.

A second valve member. or sleeve 152 is mount- .
ed to rotate inside sleeve 134 and at one end is’
provided with a shaft extension (524 passing g5
through a bearing in the casing member 14,
which serves to support the valve assembly, Ex-
ternally of the casing a control lever 154 is se-
cured to the projecting end of the valve part
152a.

The outer surface of sleeve 152 is flattened at
one. part to provide a groove 156 extending axi-
ally along that part of the sleeve corresponding
to the portion of sleeve 134 in which the grooves -
136, 138, and 140 in the latter are located. 43

The grooves 136, 138, and 140 in sleeve 134

30

)

-are provided respectively with ports .136a, 138a,

and 140a (see- Figs. 9, 10, and 6), these ports
passing through the wall of the sleeve and being:
peripherally displaced from each other so as to 50
communicate respectively with the groove 156 in
different positions of sleeves 134 and 152 with
respect to each other. ) _

By reference to Fig. 1 it will be apparent that
the phase relation of the crankshaft with respect 55
to the engine cylinders and consequently the
phase relation between the pistons and the engine
cylinders- is fixed by the connection through the
crankshaft gear 66, the compound planets 19, and
the cylinder gear 78. The phase relation be-
tween these rotating parts and the stationary
valve member is evidently determined by the con-
nection between the compound planets 10 and
the gear 82. As long as the gear 82 remains fixed
with respect to the casing structure, the position
of any given piston in its cylinder will be the
same for any given position of the cylmder rela-
tive to the valve member.

If, however, the position of the gear 82 is
shifted rotationally with respect to the casing 70
structure, the given position of the piston in its
cylinder will occur with the cylinder in a differ-.
ent position of relative rotatlon w1th ‘respect

65

to the valve ring.

The adjustably mounted parts 80 and 92 con-

60 .
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10

stitute what may convemently be considered a
timing member, the position of which determines

the phase relation of  the relatively rotating en- .

gine components and also, as will hereinafter be

explained more fully, the timing of ignition with.

respect to the cycle of engine operation.

By making the timing member rotationally ad-
.justable with respect to the casing, certain ad-

vantages constituting important objects of the
present invention are attainable and the control

- cylinder and valve-structure just described are

provided for the purpose of effecting desired ro- .

.- tational adjustment of the adjustable stationary
" member and gear 82 with respect to the engine

15

20

casing and valve member.

In engines of the kind under consideration it

is highly advantageous for many reasons to place
the ignition means in the valve member, where
such means is. exposed to cylinder temperatures
and pressures only for very short periods of time,

rather than to mount such means in the cylin- :

der walls.

In accordance with the present invention, the .

: :igrution means is placed in the valve member and

25

30

further, in order to secure full advantage of the

the kind to which continuous direct current may
be supplied for heating the plug elements. A pre-
ferred arrangement is indicated in Fig. 2 wherein
a glow plug 158 is shown mounted in a suitable
opening passing through the valve member {2

+ and having an igniting element 160 adapted to
. be heated to incandescence by current supplied

to the plug from any suitable source. It will be
understood that in an engine of the kind illus-
trated, a - smtable_ number of such plugs are

- mounted in peripherally spaced relation around

40

45

. be used, with twin plugs at each ignition point. ..
. direction is determined by the stop provided by

50

the valve member in order to provide ignition at
the proper time -in the engine cycle for all of
the cylinders. For the specific kind of engine
with seven cylinders herein illustrated by way
of example, the number. of such plugs required

-is equal to the number of  cylinders plus.one,,

divided by two. Thus for the present engine,
four such plugs would be required at equally
spaced intervals around the valve member, pro-
vided -single ignition is employed. Obviously,
ignition systems of the so-called dual type may

By reference to Fig. 2 it will be apparent that
tthe time when ignition occurs, even if the igni-

. tion plug is maintained continuously at igniting

53

65

temperature, will be determined by registration

of the leading edge of the cylinder port with the -

ignition cavity,and in Fig. 2 ignition has been
shown as occurring in fully retarded position
with the leading edge of the cylinder port coming
into communication with ‘the ignition cavity just
as the piston reaches top dead center on its com-
pression stroke. If it is assumed that this timing
of ignition occurs with the adjustable stationary
member of the gearing in a given position with
‘respect to the valve casing, it will be evident
that if the adjustable member is permitted to
turn ’in- counter-clockwise direction (as viewed

" from the front of the engine) with respect to

70

the casing, the cylinder port -will arrive in reg- .

istry with the ignition cavity at an earlier time
in the cycle of operation of the cylinder. In
Fig. 3 the condition is shown representing a

- counter-clockwise shift in position of the adjust-

75

able stationary member of the gearing as com-
pared with the position of this méember for the
condition obtaining in Fig.2. As shown in Fig. 3,

the cylinder port 1s in registry with the ignition

cavity while the piston is in advance of top dead.

center on its compression stroke by some 25° of
crank travel. This position represents normal
fully advanced timing of ignition while the posi-
tion shown in Fig. 2 represents normally fully
retarded timing of ignition. Obviously, any in-
termediate -degree of -ignition timing may be
secured by intermediate positions of adjustment

of the adjustable stationary member of the gear—

ing relative to the casing structure.

By this means it is possible to utilize substan-
tially any desired form of continuously operating
ignition means heated either electrically or by
other means while at the same time obtaining
the desired adjustably timed ignition which is
ordinarily accomplished through the use of inter-

15

mittently operated high frequency, high tension -

circuits. Consequently, with the present con-
struction it is possible to employ an ignition
system which will in ho way interfere with radio
frequency signals and it is further possible to

<

20

use a relatively very simple ignition system since -

. the necessity for the usual timing and distributor
: mechanism is eliminated.
invention, ignition is provided by glow plugs of "

In order to obtain the desired control of the
position of adjustment of the adjustable member

. 80, the structure deseribed with reference to Figs.
. 6 to 10 is employed.. This apparatus operates as
. follows, it being assumed that the fluid system

is filled with operating liquid under high pres-
sure as shown by gauge 123.
The torque imposed on the adjustable station-

ary part (80, 82) by operation of the engine tends.

to cause this part to move in the direction:-of the
arrow 162 (Fig. 6), which direction of movement
corresponds. to advance of ignition timing. Move-
ment in this direction is resisted by the fluid

25

30

35

under pressure in the control cylinder, this fluid -

- being trapped in the pressure system by the
. control valve.
- supply conduit 128 is such that if the control

The pressure maintained in the

cylinders are placed in communication with the
source of supply, the pressure of the liquid will

. be sufficient to overcome the torque on the mem-

ber 92, and turn this member, together with the

. gear 82, in clockwise direction to effect retarda-

tion of the timing of ignition. In the present
instance the limit of turning movement in this

40

45

60

the surfaces 92¢ and 94c, which are located to -
come together in relative positions of the parts .

corresponding to the timing shown in Fig. 2.
In order to admit pressure fluid to the control

. cylinders to retard ignition, the control lever

154 is turned to rotate the inner valve sleeve 152

. in counter-clockwise direction from the position

shown in the figures, thereby placing ports 136a
and 140a in communication with each other by
way of the groove 156. Likewise, if it is desired
to advance the timing of ignition from any given
setting, pressure liquid is released from the con-
trol cylinders by moving the valve sleeve 152 in
clockwise direction from the position shown in
the figures, to thereby place ports 138a and 140a
in communication by way of the groove {56.
With these latter ports in communication, pres-
sure liquid can flow to the groove (38 and escape
through the relief port 132. ‘

In order that there shall be a definite position
of adjustment of the member 92 for each position
of adjustment of the control lever 154, compen-
sating mechanism comprising the valve sleeve
134 and the actuating arm 150, is provided.

G0

63



10

15

20

25

30

40

45

50

55

60

70

(£J

9,234,187

This compensating mechanism operates as fol-
lows: Let it be assumed that as previously de-
scribed, ignition is retarded from a given initial
timing by turning the valve sleeve {52 counter-

clockwise to place ports 136a and 140q in com-

munication. Without the compensating mecha-

nism, any movement of the control lever {54 suf- -

ficient to establish this connection would result
in continuous movement of the parts until the
positive stop position corresponding to fully re-
tarded ignition was reached. The retarding
movement, however, causes the arm 150, at-
tached to the adjustable part, to turn the valve
sleeve 134 in counter-clockwise direction, thus
moving the ports 136a and 140a away from their
initial positions in the same direction as the di-
rection of adjustment of the valve sleeve con-
taining the groove 156. It will be evident that
continued movement of the parts, initiated by an
adjustment of the control lever 154, will result
in a compensating action which will move the
valve ports out of communication with the con-
trol groove in the valve. ) .

Likewise, if the control lever is moved clock-~
wise to advance the ignition timing, the result-
ing movement of the adjustable member will
turn the compensating sleeve likewise in clock-
wise direction to shift the position of ports 138a
and 140a to a new position out of communication
with the groove 156.

Thus it will be seen that for every position of
adjustment of the control lever there is a cor-
responding definite position of adjustment of the
adjustable member of the gearing relative to the
casing.

The above described control arrangement also
automatically takes care of leakage which may
oceur in the system. If, because of leakage from
the control cylinders or through the control
valve, the adjustable member tends to turn un-
der the influence of engine forque to advance the
ignition, this turning movement will cause the
compensating sleeve of the control valve to turn
in clockwise direction, thereby bringing the inlet
port 136a into communication with the port 140a
through the groove 156, to admit pressure fluid
in replacement of that which has leaked from
the system. The pressure fiuid admitted will, of
course, operate to turn the adjustable member
toward retarded position and this movement will
cause the compensating sleeve of the control
valve to move in counter-clockwise direction un-
til the inlet port 136¢ is again out of communi-
cation with the groove 156. ‘

From the above it will be thus seen that the

mechanism is not only self-compensating to pro- .

vide a fixed relation between the position of the
control lever and the adjustable gear part, but
glso is self-compensating with respect to leakage.

The position of the parts shown in Fig. 6 cor-
responds approximately to fully advanced timing
of the igniticn, and movement of the parts to-
ward furthsr advanced position may readily be
prevented by means of any suitable stop (not
shown) for limiting movement of the control le-
ver {54 in the direction corresponding to advance
of timing.

When the engine stops, the adjusting gear
member is automatically shifted to retard the ig-
pition to fully retarded position, by the action
of the springs 112. As soon as engine operation
ceases, the torque acting on the adjustable mem-
ber ceases and springs 112 can then separate the
‘dash pot cylinder and piston merely by overcom-
ing the friction of the engine parts. In order for

5

the springs 112 to separate these parts, the reac-
tion of the springs must be taken by the pistons
102 but this is readily accomplished since oper-
ating liquid is trapped in the control cylinders.

. When the springs §12 commence to expand to
effect retardation, oil from the control cylinders
flows past the ¢heck valve 116 into the dash pot

ume of the latter. This flow of oil from control
cylinders permits the control pistons 102 to move
further toward advanced position because of the
lIoss of the oil irom the control cylinders, but
due to the greater diameter of the control-cylin-

~ ders, the movement; of the control pistons will be

much less than the movement of the dash pot
cylinders toward retarded position. As long as
the oil remains trapped in the system there will
obviously be sufficient oil in the control cylinders
1o fill the expanded dash pot cylinders, -

After a certain amount of movement. toward
retarded position occurs, however, the compen-

‘sating mechanism operates to open the control

cylinders to the relief port 142, and thereafter
oil may be forced from the control cylinders by
the action of the springs 112 without further
movement toward retarded position of the ad-
justable member 92. If this should occur, the
pistons 102 will eventually provide a solid abut-
ment against which the springs 112 may react, by

coming in contact with the heads of the control

cylinders. After this event occurs, continued ex-
pansion of the springs (12 will act to force the
adjustable member to the fully retarded position
determined by the stops 92¢ and 94c. During
this continued movement, the further expansion
of the dash pot cylinders creates a suction effect
in the fluid system and in order to prevent air
from being drawn into this system by this suc-
tion effect, the reservoir 145 is advantageously
provided, from which reservoir oil is delivered to
compensate for the increased volume of the fluid
system after the pistons 102 seat against their
respective cylinder heads. In order to provide
for continued flow of oil to the dash pots after
such seating, the heads of the pistons 102 are ad-
vantageously recessed as shown at 102a in order
to provide channels for flow of oil from the in-

" lets of the several control cylinders to the pas-

sages (14 through the pistons.
When the engine is started, ignition commences

-in fully retarded position and rapid movement to

advanced position under the influence of engine

_cylinders to compensate for the increase in vol-
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torque and before operating pressure can be built .

up in the oil supply line, is prevented by the liquid
trapped in the dash pot cylinders by the check
valves 116. This liquid is gradually forced from
these cylinders under the influence of -engine
torque by leakage between the dash pot cylinders
and the pistons, the clearance between which may
readily be made such as to secure the desired rate
of flow of the liquid from the dash pots.

The above described control arrangement also
provides means whereby the torque being de-
veloped by the engine may readily be ascertained
at any particular moment, which taken in con-
junction with the speed of operation of the en-
gine at the moment serves to give the power being
developed.

By reference to Fig. 1it will be evident that the
torque reaction from all of the rotating com-
ponents of the engine is transmitted through the
gearing to the adjustable stationary member 80.
The net reactive torque.of the crankshait and
power shaft system is taken by gear 86 through
the pinions 84 while the net reactive torque as
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between crankshaft and cylinder bank is taken by

- the gear 82 through the crankshaft gear 66, the
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cylinder gear 18, and the compound planets 70.
This torque, as previously noted, tends to turn
the adjustable stationary member in the direc-
tion of the arrow 162 of Fig. 6 and it will be ap-
preciated that the value of this torque is re-
flected in the pressure of the liquid in the control
cylinders required to balance it. The unit pres-
sure of the liquid in the cylinders is readily de-
termined by means of the pressure gauge 123
and with cylinders having a given total effective
area it is readily possible to translate this unit
pressure directly into terms of foot-pounds or
other units of torque on the gauge. :

In connection with this feature of the apparatus
it is to be noted that the stop limiting the move-
ment of the control valve toward advanced timing
position should be adjusted so that the corre-

sponding positions of adjustment of the control '

pistons 102 during normal operation of the engine,
are with these pistons spaced from the heads of
the control cylinders. Such spacing of the control
pistons in fully advanced position is desirable for
two reasons. The first is to have available, in case
the engine is stopped with ignition fully advanced,
a supply of oil in the control cylinders for keeping
the dash pot cylinders filled during the initial
part of the retarding movement that occurs when
the engine is stopped, thus reducing the size of the
reservoir required to prevent air from subse-
quently being drawn into the fluid system.

The second reason is that if the pistons 102 are
permitted to come into direct contact with the
heads of the control cylinders in the normal fully
advanced position of timing, the torque load will
no longer be carried by the fiuid in the control

cylinders and consequently the pressure of this

fluid will not operate to indicate the torque being
developed by the engine.

From the foregoing description it will be evident
to those skilled in the art that many changes and
variations in the structure hereinbefore described
by way of example may be made without depart-
ing from the principles of the invention, the scope
of which is to be understood as embracing. all
forms of apparatus coming within the purview of
the appended claims when they are construed as
broadly as is consistent with the state of the prior
art.

What is claimed is:

1. In a bi-rotary engine, a plurality of engine
components mounted for relative rotation with
respect to each other, said components including
a crackshaft, 2 cylinder bank and casing structure
and one of said components being stationary,
gearing interconnecting the crankshaft, cylinder
bank and casing structure for maintaining the

. relatively rotating components in desired phase

60
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' components mounted for relative rotation with re-
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relation with respect to each other, said gearing
including a gear adjustably mounted with respect
to the stationary component, and means for ad-
Jjusting the position of said gear relative to the
stationary component to alter the phase relation

between certain_ of said relatively rotating com-

ponents,
2. In a bi-rotary engine, a plurality of engine

spect to each other, said components including a
crankshaft, a cylinder bank and casing structure
and one of said components being stationary,

gearing interconnecting the crankshaft, cylinder -

bank and casing structure for maintaining the
relatively rotating components in desired phase
relation with respect to each other, said gearing

2,234,187

including a gear adjustably mounted for limited
turning movement about its own axis with respect

" to the stationary component, and means for ad-

justing the position of rotation of said gear about
its own axis in order to alter the phase relation
between certain of said relatively rotating com-
ponents,

3. In a bi-rotary engine, stationary mounting

structure, a cylinder bank mounted to rotate

within said stationary structure, a crankshaft
mounted for rotation relative to said cylinder
bank and relative to said stationary structure,
gearing interconnecting said cylinder bank, said

“crankshaft, and said mounting structure for.

maintaining the relatively rotating parts in de-
sired phase relation with respect to each other,
sald gearing including a stationary gear turnably
adjustable about its own axis and means for
adjusting the position of rotation of said sta-
tionary gear about its own axis to alter the phase
relation of the cylinder bank and crankshaft rela-
tive to the mounting structure.

4. In a bi-rotary internal combustion engine,
a plurality of engine components comprising a
casing structure providing a valve track, a cylin-
der bank having a plurality of open ended cylin-
ders mounted for relative rotation with respect
to said valve track, a crankshaft mounted for
relative rotation with respect to said cylinder

bank and with respect to said valve track, a -

plurality of ignition devices mounted in said cas-
ing structure in peripherally spaced relation along
said valve track and adapted to be brought into
communication with the open ends of said cylin-
ders by the movement thereof past said devices
due to the relative movement between the cylin-

“der bank and the casing structure, gearing inter-

connecting said cylinder bank, said crankshaft
and said casing structure for maintaining the
relatively rotating components in desired phass
relation with respect to each other, said gearing
including an adjustably mounted gear, and means
for adjusting the position of said gear to . alter
the phase relation between the relatively rotat-
able components and to thereby alter the timing
of communication between said ignition devices
and said cylinders.

5. In a bi-rotary internal combustion engine,
& plurality of engine components comprising a
casing structure providing a valve track, a cyl-
inder bank having a plurality »f open ended cyl-
inders mounted for relative rotation with respect
to said valve track, a crankshaft mounted for
relative rotation with respect to said cylinder
bank and with respect to said valve track, a plu-
rality of untimed continuously operating ignition
devices mounted in said casing structure in
peripherally spaced relation along said valve track
and adapted to be brought into communication
with the open ends of said cylinders by the move-
ment thereof past said devices due to the rela-
tive movement between the cylinder bank and
the casing structure, gearing interconnecting said
cylinder bank, said crankshaft and said casing
structure for maintaining the relatively rotating
components in desired phase relation with respect
to each other, said gearing including an adjust-

ably mounted gear, and means for adjusting the
. bositioL. of said gear to alter the phase relation

between the relatively rotatable components and
to thereby control the timing of ignition effected
by said devices by controlling the timing of com-

- munication between the ignition devices. and the

cylinders,
6. In a bi-rotary internal combustion engine,
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an annular. valve member, a cylinder bank having
a plurality of open ended cylinders mounted with-
in said valve member for relative rotation with
respect thereto, a crankshaft mounted for rela-
tive rotation with respect to said cylinder bank
and with respect to said valve member, a plu-
rality of peripherally spaced ignition devices lo-

. cated in said valve member and adapted to be
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- viding an adjustable force transmitting connec-

60

brought into communication with said cylinders
by the movement of the open ends of the cylin-
ders past said devices, and gearing interconnect-
ing said cylinder bank, said crankshaft and said
valve member for maintaining the relatively ro-
tating parts in desired phase relation with respect
to each other, said gearing including a gear ro-
tationally adjustable about its own axis to alter
the phase relation of the crankshaft and cylinder
bank with respect to the valve member to thereby
alter. the timing of communication between the
cylinders and said ignition devices.

7. In a bi-rofary engine, a. housing structure,
a cylinder bank and a crankshaft, the aforesaid
parts being .mounted for relative rotation with
respect to each other, gearing interconnecting
the relatively rotating parts to maintain them in
desired phase relation, said gearing including a
gear to which force due to torque reaction is
transmitted from the crankshaft and cylinder
bank, and means including  a body of liquid for
transmitting said force from said gear to said
housing structure.

8. In a bi-rotary engine, a-housing structure,
a cylinder bank and a crankshaft, the aforesaid
parts being mounted for relative rotation- with
respect to each other, gearing interconnecting
the relatively rotating parts to maintain them
in desired phase relation, said gearing including
an adjustably mounted gear to which force due
to torque reaction is transmitted from the crank-
shaft and the cylinder bank, fluid pressure con-
trolled means providing an adjustable force
transmitting connection between said gear and
said housing structure, and means for supplying
pressure fluid to and permitting tho. escape of
pressure fluid from the first mentioned means
to adjust the position of rotation of said gear
with respect to said housing structure.

9. In a bi-rotary engine, a housing structure,
a cylinder bank and a crankshaft, the aforesaid
parts being mounted for relative rotation with
respect fo each other, gearing interconnecting
the relatively rotating parts to maintain them in
desired phase relation, said gearing including a
gear to which force due to torque reaction is
transmitted from the crankshaft and the cylin-
der bank, fluid pressure controlled means pro-

tion between said gear and said housing struc-
ture, a control valve for controlling the supply
and escape of pressure fluid to and from the first
mentioned means to govern the position of rota-

-tion of said gear with respect to said housing

structure, and compensating means actuated by

" movement of said gear relative to the housing

65
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structure for determining a given position of
rotation of the gear with respect to the housing
structure for each given position of adjustment
of said control valve.

10. In an internal combustion engme a valve
member providing a circular valve track, a cyl-
inder bank mounted for relative rotary movement

“with respect to said valve member, said cylinder

bank including a. plurality of cylinders having
cylinder ports at their combustion chamber ends,
a plurality of untimed ignition devices located in

7

said valve member in peripherally spaced rela-
tion and positioned to be passed by said cylinder
ports due to said relative rotary movement,
whereby to effect ignition of the charges in said
cylinders at times determined by communication §
of the cylinder ports with said ignition devices,
and means associated with the engine for chang-
ing the times of communication of said ports with
sald devices in relation to the engine cycle to ad-
vance or retard the timing of ignition.

11. In an internal combustion engine, a valve
member providing a circular valve track, a cylin-
der bank mounted for relative rotary movement
with respect to said valve member, said cylinder
bank including a. plurality of cylinders having 15
cylinder ports at their combustion chamber ends,
ignition devices consisting of a plurality of glow -
plugs located in said valve member in peripherally :
spaced relation and positioned fo be passed by
said cylinder ports due to said relative rotary gg
movement whereby to effect ignition - of the
charges in said cylinders at times determined by-

10

‘communication of the cylinder ports with said

plugs, and means associated with the engine for.
changing the times of communication of :said 25
ports with said devices in relation to the engine
cycle to advance or retard the timing of ignition.

- 12. A bi-rotary internal combustion engine
having relatively rotatable components, an un-.
timed ignition system having ignition producing gg
devices mounted in one of said components and
means operatively connecting said relatively to-
tatable components, said means being adjustable
to vary the phase relation between- said com-
ponents to variably time with respect to the cycle
of operation of the engine the ignition effected
by said ignition system.

13. A bi-rotary internal combustion engine
having relatively rotatable components, untimed
glow plug ignition means including glow .plugs
mounted in one of said components and means
operatively connecting said relatively rotatable
components, said means being adjustable to vary -
the phase relation between said components to
variably time with respect to the cycle of opera-
tion of the engine the ignition effected by said
glow plugs.

14, In a bi-rotary internal combustion engine'
a member having ignition pockets formed therein
and located to be passed at timed intervals by
cylinder ports, untimed ignition means located in
said pockets, and means operatively connecting
said member and the cylinders in. which said
ports are located, said means being adjustable
to vary the timing of communication between-

said pockets and said ports with respect to the
cycle of .operation of the cylinders.

15. In a bi-rotary internal combustion engine,
a member having ignition pockets formed therein
and located to be passed at timed intervals by
cylinder ports, glow plugs located in said pockets,
and means operatively connecting said member
and the cylinders in which said ports are located,
said means being adjustable to vary the timing of
communication between said pockets and said
ports with respect to the cycle of operation of the
cylinders

'16. In the operation of a bl-rotary engine of‘
the kind having ignition means mounted out- -
side the engine cylinders and located to be passed 70
at intervals by cylinder ports, that improvement
which consists in continuously operating said
ignition means and timing the instants of igni-
tion by varying the timing of communication be-
tween the cylinder ports and the ignition means. 7§
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or, retard the timing of ignition,, said tim
ember bemg biased toward advanced po

engine, and, fluid pressure actuated control means

10 for. maintaining. said . timing member in prede-
termme;i position of -adjustment against said )
.. tion of the engine, a passage connectmg the con-

force

when the engine is stopped. -

19. In a bi-rotary internal. combustion engine,v
. untimed ignition devices, an admstably mounted .

timing member movable to bring said, devices into

30 communication -with the engine cylmders at dif- .,

ferent times in their cycle of operation to advance
or retard the timing of ignition, said timing mem-
ber being biased toward advanced p051tion by
" force due to torque reaction from the engine,
gy fluid pressure actuated control means for main-
taining said timing member. in predetermined

position of adjustment against said force, spring .

‘actuated means. for automatically moving said
timing member to .fully retarded. position when

40 the engine is stopped, said spring actuated means

" peing over-balanced by said force during normal
operation of the engine and includmg dash pot
means arranged to prevent sudden movement of
.said .timing member under the influence of said

45 force from its fully retarded position to its pre-
determined position of adjustment when the en-
gine is started. .

20. In an engme, a plurality of relatively rota~
table engine components, gearing 1nterconnectmg )

50 said components to mamtam them in desired
" phase relation, said gearing including an. ad-
justably mounted timing member.the movement

of which varies the phase relation of said com- .

"ponents, and means for controlhng the position
55 of said timing member comprising a control cylin-

der located between said member and said mount--
ing structure, means for. supplying liquid under;
. pressure to. said control -cylinder, a control valve

" for controlling the flow of pressure liquid to and

60 from said cylinder, said control valve comprlsmg'
a first valve part movable at will ‘to diﬁerent_,
positions to.admit pressure. fluid to or release

.. pressure fluid from said contro]. cylindér and a

second valve part operatively connected to said’

65 adjustable member to be actuated by movement
thereof to effect compensating control of pres-
- sure fluid in accordance with the movement of

said adJustable member and fo fhereby cause'

said adJustable member to assume a given posi~

7o tion of adjustment for each given p051tion of-

adJustment of said fitst valve part.

. 21..In a bi-rotary internal combustion engme,j

.an adjustable timing member for varying the
»timmg of the engine, means providing an abut-
%5 ment, and fluid pressure actuated means for con-

bi-rof ary 1nternal combustion engme .
ed 1gnit10n devices, an. adJustably mounted .
.timrng ‘member, movable .to bring said devices. .
intg\commumcation with: the engine cylinders at,
nt times in their cycle of operation to.ad- .

A tion by force, .due to torque reaction from. the ,

oy 18, In a. b1 rotary mternal combustion engme, ;
. untimed 1gmt10n devices, an adJustably mounted .
15 timing member.movable to bring said devices into .
communication. with the engine cylmders at dif-.
ferent times.in their cycle. of operation to ad- .
vance or retard the timing of ignition, said timing
member being -biased toward advanced position .

20 by.force due to torque reaction from the engine; .,
fluid pressure actuated control means.for main-
taining - said . timing. member in predetermined .
position of adjustment against said .force and.
spring actuated means for automatically moving.

25 “said ' timing. member to fully retarded position

* trolling the position of adJustment of said. timing |
member including a control cylinder and a dash'

pot arranged in series between. said timing mem- -

ber, and said abutment, spring means associated
with said dash pot, said spring means. tending to
expand said dash pot and to move said timing
member to fully retarded position and said spring
means being compressed by torque applied to said

member when the engine is operating, means for
.supplying pressure liquid to said control cylinder

to vary the position of said member during opera-

trol.cylinder and the dash pot for maintaining
the latter filled with pressure fluid during opera-
tion of the engine and means for preventing re-
turn flow of pressure fluid from the dash pot to
the .control cylinder, said dash pot being con-

[+

13

structed to permit leakage of the pressure fluid

‘therefrom only at a relatively slow rate, wherehy

to prevent rapid movement of the timing member
toward advanced position from' its retarded posi-
tion when the engine is started. .

22. In a bi-rotary 1nternal combustion engine,
an adJustable timing member for varying the

timing of the ‘engine, a fluid pressure actuated :

20

o
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system for .determining the position of adjust-

ment of safd timing member, engine driven

means for supplymg pressure fluid to said sys- -

tem when the engine is operating, a control valve

having a pressure fluid inlet and an. overflow

for determining the quantity of fluid in the sys-

tem when the engine is operating, mechanical
means automatically operable when the engine

stops to move said timing member to fully re-

tarded position and to enlarge the volume for
fluid in said system, ‘and means provxding a
reservoir of fluid in communication with the

overflow of said valve for keeping said system’

30
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filled with fluid -when its volume is enlarged

due to operation of said. mechanical means.

23, In g bi-rotary engine, a plurality of rela-’

tively rotatable engine componerts, gearing in-

€0

terconnecting said components to maintain them -

in desired phase relation, said gearing including
a member to which the force due to torque re-
action developed by operation of the engine is
transmitted ineans providing an abutment,

45

means for causing said force to be transmitted -
to said abutment through a confined body of -

fluid; and means for indicating the pressure of
the fluid in said body

.24, In a bi-rotary engine, a plurahty of rela-
tively rotatable engine components including a
mounting structure, a cylinder bank and a crank-
shaft, gearing interconnecting the cylinder bank
and the crankshaft to maintain desired phase
relation therebetween, said ‘gearing including a
gear for establishing the phase relation of the
cylinder ‘bank and the crankshaft with respect
to said mounting structure and for transmitting
the force due to torque reaction developed by
operation of the engine, means for causing said
force to be transmitted to said mounting struc-
ture through a confined body of fluid, and means
for. indicating  the pressure of the fluid in said
body.

25. In a bi-rotary engine, a plurahty of rela-
tively rotatable engine components consisting of

a mounting structure, a ‘cylinder bank, a crank- -

shaft and a power shaft, gearing interconnecting
said components for maintaining them in de-

sired phase relation, said gearing including a gear’

member to which the ‘force due to torque reaction
developed by operation of the engine is trans-
mitted, means for causing said force to be trans-
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mitted from said gear member to said mounting

- structure through a body of fluid, and means for

indicating the pressure of the fluid in said body.

26. In a bi-rotary engine, a plurality of rela-
tively rotatable engine components consisting of
a mounting structure, a cylinder bank, a crank-
shaft and a power shaft, planetary gearing in-
terconnecting said components for maintaining
them in desired phase relation and for effecting
a gear reduction between the crankshaft and
the power shaft, said gearing comprising two
separate sections, a first section for interconnect-

- ing the crankshaft and the cylinder bank and a
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second section for interconnecting the crankshaft
and the power shaft, a gear member common
to both of said sections and to which the force
due to torque reaction developed by operation
of the engine is transmitted, and a connection
between said gear member and said mounting
structure for preventing rotation of the gear
member and for transmitting said force to said
mounting structure,

27. In a bi-rotary engine, a plurality of rela-
tively rotatable engine components consisting of
a mounting structure, a cylinder bank, a crank-
shaft and a power shaft, planetary gearing in-
terconnecting said components for maintaining
them in desired phase relation and for effecting
a gear reduction between the crankshaft and the
power shaft, said gearing comprising two sepa-
rate sections, a first section for interconnecting
the crankshaft and the cylinder bank and a sec-
ond section for interconnecting the crankshaft
and the power shaft, a gear member common
to both of said sections and to which the force
due to torque reaction developed by operation of
the engine is transmitted, said gear member
being turnably mounted with respect to said
mounting structure, and means providing an
adjustable connection between said gear mem-
ber and said mounting structure for transmitting
said force to the mounting structure.

28. In a bi-rotary engine, a plurality of rela-
tively rotatable engine components consisting of
a mounting structure, a cylinder bank, a crank-
shaft and a power shaff, planetary gearing in-

- terconnecting said components for maintaining

them in desired phase relation and for effecting
a gear reduction between the crankshaft and
the power shaft, said gearing comprising two
separate sections, a first section for interconnect-
ing the crankshaft and the cylinder bank and
a second section for interconnecting the crank-
shaft and the power shaft, a gear member com-
mon to both of said sections and to which the
force due to torque reaction developed by opera-
tion of the engine is transmitted, said gear mem-
ber being turnably mounted with respect to said
mounting structure, and means providing an
adjustable connection including a body of pres-
sure fluid for transmitting said force from said
gear member to said mounting structure, .

- 29, In a bi-rotary engine, a plurality of rela-
tively rotatable engine components consisting of
a mounting structure, a cylinder bank, a crank-
shaft and a power shaft, planetary gearing in-
terconnecting said components for maintaining

9

them in desired phase relation and for effecting
a gear reduction between the crankshaft and the
power shaft, said gearing comprising two sepa-
rate sections, a first section for interconnecting
the crankshaft and the cylinder bank and a sec-
ond section for interconnecting the crankshaft
and the power shaft, said first section compris-
ing a crankshaft sun gear, a-cylinder ring gear
and a plurality of compound planets the differ-
ent pinions of which mesh respectively with the
sun and ring gears of the section, said second
secticn comprising a second crankshaft sun gear,
a planet carrier mounted on said power shaft
and a plurality of planet pinions on said carrier
and meshing with said second sun gear, and a
gear member common to both of said sections
and having teeth meshing with one set of planet
pinions of said first section and with the planet
pinions of said second section, said gear member
being connected .to said mounting structure.
30. In a bi-rotary engine, a plurality of rela-
tively rotatable engine components consisting of
a mounting structure, a cylinder bank, a crank-
shaft and a power shaft, planetary gearing in-
terconnecting said components for maintaining
them in desired phase relation, and for effecting
a gear reduction between the crankshaft and the
power shaft, said gearing comprising two sepa-
rate sections, a first section for interconnecting
the crankshaft and the cylinder bank and a sec-
ond section for interconnecting the crankshaft
and the power shaft, said first section compris-
ing a crankshaft sun gear, a cylinder ring gear
and a plurality of compound planets the dif-
ferent pinions of which mesh respectively with
the sun and ring gears of the section, said second
section comprising a second crankshaft sun gear,
a planet carrier mounted on said power shaft
and a plurality of planet pinions on said carrier
and meshing with said second sun gear, a_gear
member common to both of said sections and
having teeth meshing with one set of planet
pinions of said first section and with the planet
pinions of said second section, said gear member
being adjustably mounted to turn with respect
to said mounting structure, and means for pre-
venting rotation of said gear member including
a, pressure fluid connection for transmitting to
the mounting structure the force transmitted to
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said gear member by the pinions with which it

is in mesh. : _
31. In a bi-rotary engine, a plurality of en-
gine components mounted for relative rotation

with respect to each other, said components in- -
cluding a crankshaft, a cylinder bank and casing

structure and one of said components being sta-
tionary, gearing interconnecting the crankshaft,
cylinder bank and casing structure for maintain-
ing the relatively rotating components in de-
sired phase relation with respect to each other,
said gesring including parts for transmitting
torque reaction to said stationary component
from said cylinder and crankshaft components,
and indicating means for measuring the torque
transmitted through said parts,_

ANDRE J. MEYER.
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