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[57] ABSTRACT

The present invention is a new rotary engine consist-
ing of a stator with a cylindrical cavity, a hollow cylin-
drical rotor located within the cylindrical cavity of the
stator, a power shaft along the axis of the stator and
an eccentric mounted on the power shaft. A plurality
of spaced vanes are mounted in the stator for recipro-
cal movement with respect to the stator to provide
working chambers between adjacent vanes, the stator,
and the rotor so that rolling movement of the rotor
around the interior of the stator in response to com-
bustion of explosive charges in the chambers causes
the eccentric to roll around the inner surface of the
rotor and thereby rotate the power shaft.

14 Claims, 12 Drawing Figures
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ROTARY ENGINE
BACKGROUND OF THE INVENTION

Many designs for rotary engines have been proposed.
Representative prior art rotary engines are shown, for
example, in U.S. Pat. Nos. 2,907,307; 2,005,141;
1,974,761; 1,305,451; 3,624,740; and 3,194,220.

SUMMARY OF THE INVENTION

The present invention is a new rotary engine. This ro-
tary engine. This rotary engine comprises: a stator hav-
ing spaced end walls and a peripheral wall intercon-
necting the end walls to form a cylindrical cavity having
an axis, the inner surface of the peripheral wall having
a substantially circular profile; a hollow cylindrical
rotor having an cuter and inner surface, each having a
substantially circular profile, and supported in the cav-
ity for rolling motion with respect to the inner surface
of the stator about an axis spaced from but parallel to
the stator axis; the rotor having an internal diameter
such that the stator axis is located inside the inner sur-
face of the rotor and an external diameter that is less
than the diameter of the inner surface of the stator;
means for sealing the outer surface of the rotor with re-
spect to its inner surface; an eccentric mounted within
the inner surface of the rotor for rotation about the sta-
tor axis and in rolling contact with the inner surface of
the rotor, whereby in operation the rotor axis describes
a substantially circular path around the stator axis; a
plurality of spaced vanes mounted in the stator in seal-
ing relationship with the end walls for reciprocal move-
ment with respect to the inner surface of the stator;
means for holding the vanes in sealing engagement with
the outer surface of the rotor; whereby at least two
chambers, at least one of which is a working chamber,
are defined by adjacent vanes, the outer surface of the
rotor, the inner surface of the stator, and the end walls
of the stator; the stator having an intake port for admit-
ting fuel to the working chamber and an exhaust port
for discharging exhaust products from such chamber.

In the operation of the engine, ignition of the fuel
causes the rotor to roll around the inner surface of the
peripheral wall of the cylindrical cavity of the stator.
This rolling movement of the rotor causes the eccen-
tric, which is in rolling contact with the inner surface of
the rotor, to revolve around the axis of the stator de-
scribing the path traced by the axis of the rotor and
thereby rotate the power shaft.

DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross sectional view through the rotary en-
gine of this invention;

FIG. 2 is a sectional view takenn along the line 2—2
of FIG. 1; and

FIGS. 3-12 are schematic views 1llustratmg the cycle
of the rotary engine of this invention through two revo-
lutions.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made in detail to the present
preferred embodiments of the invention, an example of
which is illustrated in the accompanying drawings.

As shown in FIGS. 1 and 2, the rotary engine of this
invention consists generally of a stator 20 located
within a housing 22 and a rotor 24 rotatably supported
within stator 20.
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In accordance with the invention, stator 20 com-
prises a pair of spaced end walls 26 and a peripheral
wall 28 interconnecting end walls 26 to form a cylindri-
cal cavity 30 having an axis 32. As best shown in FIG.
1, the inner surface 34 of peripheral wall 28 has a sub-
stantially circular profile.

In accordance with the invention and as best shown
in FIG. 1, rotor 24 is a hollow cylinder supported in sta-
tor cavity 30 for rolling motion around the inner sur-
face 34 of the stator about an axis 36 spaced from, but
parallel to, stator axis 32. The outer surface 38 of rotor
24 has a substantlally circular profile and a diameter
less than the diameter of the circular inner surface 34
of stator 20. ‘

Preferably, and as more fully described below, the
diameter of outer surface 38 is at least about 70%, and
more preferably from about 75 to about 95%, of the di-
ameter of stator cavity 30. Further, and as best seen in
FIG. 1, the inner surface of hollow rotor 24 also has a
substantially cxrcular profile and a diameter that per-
mits the stator axis 32 to be located inside the inner sur-
face 40 of the rotor.

In accordance with the invention, means are pro-
vided for sealing the outer surface-38 of rotor 24 with
respect to its inner surface 40. As embodied, and as
best shown in FIG. 2, this means comprises an annular
sealing ring 42 journaled in a groove 44 extending
around the outer edges 46 of both sides of rotor 24.
These sealing rings 42 are biased against end walls 26
of stator 20 to movably seal the volume inside of rotor
24 from the volume between rotor 24 and stator 20. In-
side of rotor 24 and along stator axis 32 is mounted a
power shaft 50 that is journaled in bearings 52 in end
walls 26 and extends out through housing 22.

In accordance with the invention, an eccentric 54 is
mounted on power shaft 50 for rotation about stator
axis 32. Eccentric 54 supports rotor 24 in stator cavity
30 and is in rolling contact with the inner surface 40 of
the rotor, so that as eccentric 54 rotates about stator
axis 32 responsive to rolling movement of rotor 24
within stator cavity 30, the axis of rotor 24 describes a
substantially circular path, as shown in FIG. 1, around

-stator axis 32.

To provide for rolling contact between eccentric 54
and the inner surface of rotor 24, a low friction bearing
56 is rollably mounted around the outer surface.of ec-
centric 54.

In accordance with a preferred embodiment of the
invention, and as more fully described below in con-
nection with the operation of the rotary engine, the ra-
dial length 58 of eccentric 54 from stator axis 32 plus
the distance between the inner surface 40 and outer
surface 38 of rotor 24 is essentially equal to, but slightly
less than, the radius of the circular inner surface 34 of
stator peripheral wall 28 to provide for maximum com-
pression and exhaust of the explosive charge in the en-
gine.

To provide working chambers capable of containing
an explosive charge for compression by the rotary mo-
tion of rotor 24, a plurality of vanes 60 are slidably
mounted in the peripheral wall 28 of stator 2¢ for re-
ciprocal movement with respect to the inner surface 34
of the stator. Preferably, and as best shown in FIG. 1,
vanes 60 reciprocate in a substantially radial direction
with respect to stator axis 32 and move in sealing rela-
tionship with end walls 26 of the stator.

In accordance with the invention, means are pro-
vided for guiding and supporting vanes 60 during such
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reciprocal movement. As embodied, and as best shown
in FIG. 2, this guide means comprises slots 62 in end

walls 26 that extend in a radial direction over the length

of travel of the vanes.

In addition, vanes 60 are biased into sealing engage-
ment with the outer surface 38 of rotor 24 regardless of
its relative position within stator cavity 30, and means
are provided for holding these vanes in sealing engage-
ment with the rotor. As embodied, and as shown in
FIG. 1, this means can include springs 64 as well as the
pressure of the compressed gas in the working cham-
bers. Thus, vanes 60 provide a plurality of circumferen-
tially spaced working chambers around the inner sur-
face of stator 20, each working chamber being defined
by adjacent vanes 60, the outer surface 38 of rotor 24,
and the inner surface 34 and the end walls 26 of stator
20.

For each working chamber there is also provided an
intake port 70 for admitting fuel to the working cham-
ber and an exhaust port 72 for discharging exhaust
products from each chamber. Optionally, ignition
means, such as a spark plug 74, can be provided for
each working chamber depending on the type of fuel
being used, as is well known to those skilled in the art.

In accordance with a preferred embodiment of the
invention, intake and exhaust ports 70, 72 are provided
with suitable valves 76 for opening and closing such
ports and means are provided for controlling operation
of these valves. As shown in FIG. 2, the means for con-
trolling the valves includes a cam-drive gear 78 affixed
to power shaft 50. Cam-drive gear 78 drives suitable
cam gears 80 which, in turn, actuate the movement of
valves 76 through lever arm 82.

An intake manifold 84 provides the necessary access
for the combustion mixture to intake port 70 and a sim-
ilar exhaust manifold 86 connected to exhaust port 72
provides for the necessary discharge of exhaust gases
following combustion.

While the rotary engine, shown in the drawings, con-
sists of five vanes 60 and five working. chambers with
the necessary intake, exhaust and ignition means for
each chamber, it can be readily understood by those
skilled in the art.that any number of working chambers
can be provided without departing from the scope of
this invention. Preferably, the rotary engine has at least
three vanes to provide at least three working chambers
and, as more fully described below, it is preferred to
use an odd number of working chambers.

For purposes of illustration, the rotary engine of this’

invention will now be described as it relates to a typical
four-cycle gasoline engine operation of combustion,
exhaust, intake and compression. But, it should be un-
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cycle mode without departing from the scope of the in-
vention.

Referring to FIGS. 3-12, FIG. 3 shows the beginning
of the power stroke after firing of the explosive charge
in working chamber A. At firing, the intake and ex-
haust ports are closed. FIG. 4 shows the continuing
power stroke and the resulting clockwise rotation of ec-
centric 54 and power shaft 50.

FIG. 5 shows the end of the power stroke of working
chamber A and the start of the exhaust stroke in which
the exhaust port is open and the intake port is closed.
FIG. 6 shows the continuing exhaust stroke, and by the
time the rotor reaches the position shown in FIG. 7, ex-
haust is nearly complete. The exhaust port then closes,
and the intake port opens so that when the rotor
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reaches the position shown in FIG. 8 the intake of a
combustible mixture into chamber A has begun.

FIG. 9 shows continuing intake of combustible mix-
ture, and FIG. 10 shows the completion of the intake
stroke at which point the intake port closes and the
comipression stroke on the combustible mixture in
working chamber A begins. With the rotor in a position
shown in FIG. 11 the compression stroke continues and
FIG. 12 is near the end of the compression stroke, the
combustible fuel will then be ignited as shown in FIG.
3, and the cycle repeated. .

Exactly the same sequence is taking place in the
other five working chambers of the rotary engine, illus-
trated in FIGS. 3-12. To facilitate this understanding,
the other working chambers have all been stippled at
the point where ignition occurs in each chamber. Thus,
for example, when working chamber A is at the end of
its power stroke, as shown in FIG. 5, working chamber
Cis firing. Then, when working chamber C is at the end
of its power stroke and working chamber A is near the
end of its exhaust stroke, as shown in FIG. 7, working
chamber E is fired. '

Following through the cycle, it can be seen, then, that
working chamber B is fired, as shown in FIG. 9, when
working chamber A is on the intake stroke. Finally, the
last working chamber D is fired during the compression
stroke of working chamber A, as shown in FIG. 11,
andd then working chamber A is fired again repeating
the cycle. It can, thus, be seen that the rotor makes two
complete revolutions between the firing of each cham-
ber to provide for the necessary intake, compression,
combustion, and exhaust operations of the four-cycle
engine. :

In view of the simplicity of the rotary engine of the
present invention, it is-not necessary to use highly so-
phisticated designs and complex construction tech-
niques. The stator can conveniently be made from a
bored cast iron or aluminum block with end walls cov-
ering both ends. The rotor can be a hollow metal cylin-
der of the appropriate diameter.

The power shaft can be a solid rod. The eccentric
may take many forms, but preferably it will not occupy
the entire space defined by the inner surface of the ro-
tor, but will leave more than half that space open. By
having a substantial amount of the space defined by the
inner surface of the rotor open, it is possible to pass a
cooling fluid or gas through the center of the rotor to
achieve extremely effective engine cooling, because
the outer surface of the rotor forms portions of the
working chambers of the engine.

Ideally, the eccentric will also be designed in a shape
whereby the bulk of its weight is located on the side of

the rotor that is farthest from the inner wall of the sta-’

tor and closest to the stator axis so that this imbalance
of weight in the design of the eccentric can serve to
counterbalance the eccentricity of the path that is fol-
lowed by the rotor and eccentric about the stator axis.

It is of the essence of the present invention, that the
eccentric be mounted within the inner surface of the
rotor in a manner whereby the eccentric is in rolling
contact with the inner surface of the rotor. The eccen-
tric may contact the inner surface of the rotor at one or
more points but at each of these points, the eccentric
should be in rolling contact with the inner surface of
the rotor. Roller bearings mounted on the eccentric
can serve to provide such rolling contact.

Any kind of frictional or sliding contact can defeat
some of the prime advantages of the present invention.
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Frictional or sliding contact between the eccentric and
inner surface of the rotor will cause the rotor to rotate
within the stator in excess of its normal rotational
movement and to rub or slide against the sealing vanes,
causing rapid and unacceptable wear and attrition of
the vanes.

As embodied in the present invention, the vanes
themselves can be made from simple machined flat
pieces of metal, and the operating end or sealing end of
the vanes can be notched or cut back to fit over the
outer surface of the rotor and yet extend towards the
center of the engine past the outer surface of the rotor
in the portion of the vanes that is carried in slots in the
end walls of the stator. This overhang or extension of
the sealing vanes past the outer surface of the rotor
within the end walls of the stator enhances the sealing
effectiveness of the vanes in sealing adjacent chambers
of the engine at the end walls.

Valves, spark plugs, cams, and carburetors for the
engine may all be selected from a wide variety of such
devices that are conventional and readily available.

An outstanding feature of the rotary engine of this
invention is the large cubic inch displacement that can
be obtained with a relatively small engine. For exam-
ple, a rotary engine having a stator with an internal ra-
dius of 2.5 inches, a rotor having an external radius of
1.875 inches, and a width of 2 inches, would have a
cubic inch displacement of about 28 cubic inches. This
very small engine would generate about 30 horsepower
at 4000-6000 r.p.m.

In the drawings of the present invention all chambers
are used for firing. This is very desirable for uniform
heating of the engine. However, to assist in taking the
heat out of the engine, the engine can be designed so
that some of its chambers are used for cooling only. For
example, alternating chambers can have a continuous
flow of air passing through the chamber. This helps to
cool the engine, and at least part of the heated cooling
air can then be conveniently used in the combustion
mixture.

The drawings of the invention also show essentially
uniform spacing between vanes. Although this is cer-
tainly a desirable design, other designs are possible, and
an uneven spacing between the vanes may be desirable
for optimum engine operation in certain cases.

The vanes may be biased against the rotor by spring
action, pneumatic force, or any other force. In the pre-
ferred practice of the invention, pneumatic pressure is
at least partially used to bias the vanes against the ro-
tor. This pneumatic action causes greater pressure on
the vanes against the rotor in the power and compres-
sion cycles and less pressure on the vanes in the intake
and exhaust cycles.

Thus, in accordance with the present invention, when
the most severe sealing requirement exists during the
compression and power cycles, because it is then that
the highest pressures are encountered, the greatest
penumatic force to press the vanes against the outer
surface of the rotor is exerted. Conversely, when the
least severe sealing is required, namely, during the in-
take and exhaust cycles, the pressure exerted on the
vanes against the rotor is lowest. Thus, adequate and
appropriate sealing is maintained at each point in the
rotational cycle.

The vanes divide sections of the engine into cham-
bers. There must be at least two vanes, but three or
more vanes are preferred, and there is no theoretical
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6
upper limit to the number of vanes that can be used
with the rotary engine of this invention.

Although an even number of combustion chambers
can be used, the use of an odd number of combustion
chambers is preferred, because a full cycle on two revo-
lutions of the rotor is obtained with an odd number of
chambers. If an even number of combustion chambers
is used, the timing and chamber firing sequence is more
complex.

As a general rule, it has been found that with a given
stator and rotor, the compression ratios of the engine
are a function of the spacing between the vanes. The
narrower the spacing between the vanes, the higher the
compression ratios that are possible. Thus, if higher
compression ratios are desired, narrower spacings can
be used.

For example, by combining a high compression ratio
with adequate direct cooling in the chamber, it is possi-
ble to have a narrow combustion chamber between two
vanes where a high compression combustion takes
place. The chamber directly following this combustion
chamber can be a relatively broad chamber with a con-
tinuous flow of air for cooling.

The relative diameters of the inside of the stator and
the outside of the rotor are also important. In the broad
concept of the invention any inside diameter of the sta-
tor can be used. The outside diameter of the rotor is,
however, limited by the inside diameter of the stator,
but the outside diameter of the rotor can be almost as
large as the inside diameter of the stator.

The minimum outside diameter of the rotor is limited
to a value slightly larger than the inside radius of the
stator. In the preferred rotary engine, the outside diam-
eter of the rotor is at least about 70 percent and more
preferably from about 75 to about 95% of the inside di-
ameter of the stator.

The relative diameters of the rotor and the inner sur-
face of the stator have a direct bearing upon the com-
pression ratios that can be obtained. As a general prop-
osition, in an engine containing three or more combus-
tion chambers, the compression ratio increases as the
difference between the diameter of the rotor and the
diameter of the inner surface of the stator decreases.

The eccentric is mounted on the power shaft (which
is concentric with the stator axis), and is contained
within the space defined by the inner surface of the ro-
tor. The eccentric must be of such a size and shape that
it allows the rotor to roll around or near the circumfer-
ence of the inner surface of the stator. As the rotor rolls
around the inner surface of the stator, the eccentric
rolls on the inner surface of the rotor at the points of
contact between the inner surface of the rotor and the
rollers. or low-friction bearings on the eccentric.

As noted previously, the eccentric may have a wide
variety of designs. In the drawings, the eccentric is de-
picted as a solid circular disc with a roller bearing
around the outside of the entire disc. The eccentric
could also be a narrow extended arm having rolling
contact with the inner surface of the rotor adjacent the
portion of the rotor that is closest to the inner surface
of the stator with a counterweight portion on the other
side of the stator axis. The counter-weight portion also
preferably is in rolling contact with the inner surface of
the rotor. Various other shapes could also be devised to
provide for counter-balancing the eccentric.

The rotary engine of the present invention has many
attributes that make it an extremely useful power
source.
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One of the important features of the rotary engine is
its ease of construction. All major parts of the present
engine can easily be made on conventional lathes and
boring and milling machines. Moreover, the simplicity
of the rotor design makes side sealing of the rotor easy
to accomplish. No gears are required to transfer the en-
ergy to the power shaft or to ensure that the engine re-
mains in phase, as is required in the well-known Wan-
kel rotary engine. In the present design, the engine
power shaft is directly driven by the eccentric.

In the rotary engine of this invention, combustion can
take place at any portion of the inner surface of the cy-
lindrical cavity of the stator. As a result, the heat gener-
ated is distributed evenly throughout the engine and
thermal distortions can be minimized.

Another important advantage of the present rotary
engine is that the power shaft rotates once per revolu-
tion of the rotor. Thus, the engine is capable of operat-
ing at very high rotor revolutions per minute. This char-
acteristic is important, because high revolutions per
minute of the rotor are required for maximum power
output. Engines that have high shaft revolutions per
revolution of the rotor, such as the Wankel engine
which has three shaft revolutions per rotor revolution,
require special and expensive gearing to permit practi-
cal power take off from the shaft.

In the rotary engine of the present invention, the
number of firings per rotor revolution is-dependent
upon the number of combustion chambers. As a rule,
the number of firings per revolution of the rotor are
half the number of combustion chambers. Thus, in the
course of two revolutions all combustion chambers will
fire. Most convenient for purposes of firing design are
those versions of this invention'in which the engine has
an odd number of chambers. With an odd number of
chambers, the firing sequence is repeated every two
revolutions. Whereas, with an even number of revolu-
tions, it may be necessary to skip or omit certain firings.

One very important advantage of this invention is
that the engine can operate at very high compression
ratios, which can be as high as the diesel range. Many
other rotary engines cannot directly obtain such high
compression ratios. As previously noted, in the present
rotary engine the compression ratio is mainly depen-
dent upon the relative outside diameter of the rotor in
comparison to the internal diameter of the stator, and
upon the spacing between vanes.

One of the most distinctive advantageous features of
the present invention is the manner in which the rotary
engine is separated into combustion chambers. Most
engines containing vanes rely on a seal that is in sliding
engagement with the outer surface of the rotor or the
inner surface of the stator. In the present invention,
however, the rotor rolls over the sealing vane at the po-
sition of full retraction of the vane into the stator. At
this position, there is little or no sliding motion between
the vane and the rotor.

This is an extremely important benefit of this inven-
tion, because at the point of full retraction of the vane
into the stator the chamber pressures are at their high-
est. From the drawings, it can be seen that it is at rela-
tively full retraction of the vane into the stator that the
compression and power strokes occur. For these pneu-
matically actuated vanes, the rolling motion of the
rotor ‘over the vane is at a maximum at the same time
that the pressure of the vane against the rotor is at a
maximum. Wear is thereby minimized.
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The above discussion should not be taken to indicate
that there is no sliding motion between the vanes and
the rotor. There, indeed, is some sliding motion. This
sliding action is an approximately direct function of the
differences in the outer diameter of the rotor and the
inner diameter of the stator. As this difference in-
creases, the amount of sliding action increases. In a
representative engine of the present invention, the
rotor makes about 10 to 15 revolutions in the time that
the vanes slide completely once around the outer sur-
face of the rotor. This is a small amount of sliding mo-
tion and does not cause substantial wear on the vanes,
in contrast to the extensive wear experienced in the
Wankel, and many other rotary engines, in which the
vanes travel the entire length of the inner surface of the
stator per revolution. i

A very important point with regard to the sliding ac-
tion that does occur is that such sliding action takes
place at pressures during which the intake and scaveng-
ing strokes are taking place. Thus, there is a minimum
of stress on the vanes when sliding does occur. In ac-
cordance with this invention, for pneumatically actu-
ated vanes, the sliding motion between the rotor and
the vanes is maximized when the pressure exerted by
the vane against the rotor is minimized, and wear due
to sliding is thereby also minimized.

These and other attributes of the engine of this inven-
tion make it a particularly desirable, compact, and
highly efficient power source.

What is claimed is:

1. A rotary engine comprising:

a stator having spaced end walls and a peripheral wall
interconnecting the end walls to form a cylindrical
cavity having an axis, the inner surface of the pe-
ripheral wall having a substantially circular profile;

a hollow cylindrical rotor having an outer and inner
surface, each having a substantially circular profile,
and supported in the cavity for rolling motion with
respect to the inner surface of the stator about an
axis spaced from but parallel to the stator axis;

the rotor having an internal diameter such that the
stator axis is located inside the inner surface of the
rotor and an external diameter that is less than the
diameter of the inner surface of the stator;

means for sealing the outer surface of the rotor with
respect to its inner surface;

an eccentric mounted within the inner surface of the
rotor for rotation about the stator axis and having
bearing means located on the periphery of the ec-
centric which are in rolling contact with the inner
surface of the rotor, whereby in operation the rotor
axis described a substantially circular path around
the stator axis;

a plurality of spaced vanes mounted in the stator in
sealing relationship with the end walls for recipro-
cal movement with respect to the inner surface of
the stator;

means for holding the vanes in sealing engagement
with the outer surface of the rotor;

whereby at least two chambers, at least one of which

is a working chamber and one of which is a non-
working chamber, are defined by adjacent vanes,
the outer surface of the rotor, the inner surface of
the stator, and the end walls of the stator;

the stator having an intake port for admitting fuel to
the working chamber and an exhaust port for dis-
charging'?c:')'(hauvs‘t"products from such chamber.
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2. The rotary engine defined in claim 1 in which the
external diameter of the rotor is at least about 70 per-
cent of the diameter of the inner surface of the stator.

3. The rotary engine defined in claim 2 in which the
external diameter of the rotor is 75 to 95 percent of the
diameter of the inner surface of the stator.

4. The rotary engine as defined in claim 1 which has
at least three vanes. '

5. The rotary engine as defined in claim 1 which has
an odd number of working chambers.

6. The rotary engine defined in claim 1 in which the
vanes reciprocate substantially radially with respect to
the stator axis.

7. The rotary engine defined in claim 1 in which the
intake and exhaust ports are located in the peripheral
wall of the stator.

8. The rotary engine defined in claim 1 in which the
intake and exhaust ports have valves for opening and
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10
closing such ports and means for controlling the opera-
tion of the valves.

9. The rotary engine defined in claim 1 which has ig-
nition means for igniting fuel in each working chamber.

10. The rotary engine as defined in claim 1 in which
the outer surface of the rotor is in rolling contact with
the vane when the chamber pressure is near maximum.

11. The rotary engine defined in claim 1 in which the
eccentric occupies substantially less than the space de-
fined by the inner surface of the rotor.

12. The rotary engine defined in claim 1 including
means in the end walls for guiding and supporting the
vanes.

13. The rotary engine defined in claim 1 including a
power shaft mounted to the eccentric along the stator
axis.

14. The rotary engine defined in claim 1 in which the
end walls are parallel to each other and perpendicular

to the inner surface of the peripheral wall.
* % %k k%



