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Mechanism for transforming reciprocation to rotation and vice versa and improved design for
reciprocating engine.

A reciprocating engine has at least a cylinder
(10) having a combustion chamber (16) at an
upper portion thereof. A piston (12) recipro-
cates inside the cylinder (10) as a fuel gas is
burnt in the combustion chamber (16). A rotat-
able cylindrical shaft member (1) extends in an
axial direction of the cylinder (10). At least a top
end portion of the cylindrical shaft member (1)
is fittable within an inner bore of the piston (12).
One or more of projections (4,5) are formed
integrally with the piston (12) and projects to-
ward the inner bore. One or more of endless
spiral grooves (2,3) are formed at a periphery of
the cylindrical shaft member (1) and adapted to
engage the projections respectively. Recipro-
cation of the piston (12) is transformed into
rotation of the cylindrical shaft member (1)
through engagement between the projections
(4,5) and the endless spiral grooves (2,3).

Jouve, 18, rue Saint-Denis, 75001 PARIS
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BACKGROUND OF THE INVENTION

The present invention relates to a mechanism for
transforming reciprocation to rotation and vise versa,
the former being incorporated into a reciprocating en-
gine and the later being designed as a kind of pump
and compressor, for example.

Areciprocating engine has been knows as a typ-
ical one of internal combustion engines. The conven-
tional reciprocating engines include gasoline engines
typically for passenger cars and planes and diesel en-
gines typically for various automobiles and shipping.
As known, the reciprocating engines operate such
that a compressed gas mixture of fuel and air is ex-
plosively burnt when ignited and the resulting expan-
sion is transformed to reciprocation.

A piston reciprocates twice in a cylinder as a four-
cycle engine provides one cycle of operation compris-
ing an inlet stroke, a compression stroke, an explo-
sion stroke and an exhaust stroke. More particularly,
when the piston moves down to create a negative
pressure in the cylinder, the gas mixture is introduced
into a combustion chamber through an opened inlet
valve communicated therewith (inlet stroke). The inlet
valve is then closed and the piston moves up to com-
press the gas mixture filled in the combustion cham-
ber (compression stroke). The compressed gas mix-
ture is ignited with a spark plug approximately when
the piston reaches the top dead centre (T.D.C.) to
cause explosive combustion and expansion of the
gas mixture, which urges the piston to move down to
the bottom dead centre (B.D.C.) in the explosion
stroke. When the piston again moves up from the
B.D.C., an exhaust valve communicated with the
combustion chamber is opened to allow an engine ex-
haust to escape from the combustion chamber to the
outside of the engine (exhaust stroke).

These four strokes comprises one cycle of the en-
gine operation and are repeated to create reciproca-
tion of the piston. To the bottom end of the piston is
connected one end of a connecting rod having the
other end connected to a crank shaft, through which
reciprocation of the piston is transformed into rotation
of the crank shaft.

As described above, the conventional design for
a reciprocating engine employs the connecting rod
and the crank shaft for transforming reciprocation of
the piston into rotation. Two reciprocation of the pis-
ton occurs in one full cycle consisting of four strokes
of inlet, compression, explosion and exhaust, which
generates two rotation of the crank shaft. A ratio of
transformation from reciprocation to rotation is 1:1. In
order to provide a higher engine speed, it is neces-
sary to reciprocate the piston at a correspondingly
higher speed, with an increased fuel consumption.

The crank shaft, to which reciprocation of the pis-
ton is transmitted through the connecting rod, is re-
quired to have good mechanical characteristics. The
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crank shaft has been usually manufactured by pre-
cise forging into its unique, complicated shape. These
will raise a manufacturing cost of the crank shaft and,
therefore, an overall manufacturing cost of the en-
gine.

Another one of demands in design of a reciprocat-
ing engine is down-sizing of the engine which greatly
contributes to increase of the space for a passenger’s
compartment in a passenger car and a load carrying
platform of a truck. To cope with this, it has been pro-
posed that a plurality of cylinders are designed in V-
shape arrangement (V4, V6, V8, V12, etc.). Another
approach is that plural cylinders are arranged sub-
stantially in a horizontal plane. These arrangement
would contribute to some extent to decrease of axial
length of a multiple-cylinder engine. However, even
when the adjacent two cylinders are arranged oppo-
sitely at both sides of a rotation center of the crank
shaft, the connecting rods of these cylinders must be
connected to the same crank shaft with a sufficient
spacing in an axial direction of the crank shaft. No suf-
ficient miniaturization of axial length of the multiple-
cylinder engine has been achieved.

OBJECTS AND SUMMARY OF THE INVENTION

It is accordingly an object of the present invention
to provide a reciprocating engine which overcomes
the drawbacks of the prior art.

It is a further object of the present invention to
provide a reciprocating engine with a mechanism for
transforming reciprocation to rotation which is free
from a connecting rod and a crank shaft.

It is still a further object of the present invention
to provide a mechanism for transforming reciproca-
tion to rotation, and vise versa, which is simple in con-
struction and small in sizing.

According to an aspect of the present invention
there is provided a mechanism for transforming reci-
procation to rotation comprising a reciprocating ele-
ment, a cylindrical element supported rotatably but
unmovably in a direction of reciprocation of said reci-
procating element, and an endless spiral groove
formed at a periphery of said cylindrical element and
adapted to engage portion of said reciprocating ele-
ment, reciprocation of said reciprocating element be-
ing transformed into rotation of said cylindrical ele-
ment through engagement between said reciprocat-
ing element and said endless spiral groove.

According to another aspect of the present inven-
tion there is provided a reciprocating engine compris-
ing a cylinder having a combustion chamber at an up-
per portion thereof, a piston reciprocating inside said
cylinder as a fuel gas is burnt in said combustion
chamber, a rotatable cylindrical shaft member extend-
ing in an axial direction of said cylinder, at least a top
end portion of said cylindrical shaft member being fit-
table within an inner bore of said piston, one or more
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of projections formed integrally with said piston and
projecting toward said inner bore, one or more of end-
less spiral grooves formed at a periphery of said cyl-
indrical shaft member and adapted to engage said
projections respectively, reciprocation of said piston
being transformed into rotation of said cylindrical
shaft member through engagement between said
projections and said endless spiral grooves.

In a preferred embodiment, the cylindrical shaft
member of the reciprocating engine of the present in-
vention extends through a bottom of the cylinder and
has afirst gear at the lower end thereof. The first gear
is engaged with a second gear fitted around a straight
extending shaft. Thus, the straight extending shaft is
rotated as the piston reciprocates. A flywheel may be
attached to the straight extending shaft for an engine
starting operation with a cell motor as in a convention-
al manner.

A multi-cylinder engine may also be provided ac-
cording to the present invention. In this case, a plur-
ality of the cylinder of the above-described construc-
tion are arranged in series, V-shape, or opposed to
one another in a horizontal plane.

Preferably, the piston is supported unrotatably
within the cylinder. For example, the piston and the
cylinder chamber may have corresponding oval
cross-section.

According to still another aspect of the present in-
vention there is provided a mechanism for transform-
ing rotation to reciprocation comprising an extending
rotating element, a reciprocating element adapted to
reciprocate in an axial direction of said rotating ele-
ment, an endless spiral groove formed at a periphery
of said rotating element and adapted to engage por-
tion of said reciprocating element, rotation of said ro-
tating element being transformed into reciprocation of
said reciprocating element through engagement be-
tween said reciprocating element and said endless
spiral groove. This mechanism may be incorporated
in air compressor or pump.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory view of a transforming
mechanism between reciprocation and rotation which
illustrates a principle of operation of the present in-
vention.

Fig. 2 is a cross-sectional view showing a recipro-
cating engine with two cylinders in a V-shaped ar-
rangement in accordance with an embodiment of the
present invention.

Fig. 3 is a cross-section taken along the line IlI-
lll in Fig. 2.

Fig. 4 is a cross-sectional view showing a modi-
fied embodiment of a reciprocating engine with three
cylinders in a T-shaped arrangement.

Fig. 5 is a plan view showing a still modified em-
bodiment of a reciprocating engine with four cylinders
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in a X-shaped arrangement.

Fig. 6 is a cross-section taken along the line VI-
Vlin Fig. 5.

Fig. 7 is a view showing a still another embodi-
ment of a reciprocating engine which provides two
different and separate rotation at the same time.

Fig. 8 is a front view showing a still another em-
bodiment of the present invention which is designed
as an air compressor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to Fig. 1 which illustrates a principle of
operation of a reciprocation/rotation transforming
mechanism, a shaft 1 is rotatably supported in a hous-
ing or cylinder (not shown). Shaft 1 is rotatably insert-
ed into an inner bore (not shown) of a reciprocating
element such as a piston (not shown).

A pair of endless spiral grooves 2 and 3 are
formed at an outer periphery of shaft 1. The first
groove 2 starts from an uppermost point (a), traver-
ses the second groove 3 at a point (b) and reaches an
intermediate point (¢) in a half-round trip on the outer
periphery of shaft 1. After passing through the point
(c), the groove 2 makes another half-round trip on the
other side (not shown in Fig. 1) of the outer periphery
of shaft 1, wherein it traverses the second groove at
a point (d) and then reaches an lowermost point (e).
The groove 2 makes thus a first full-round trip by
downward movement. A second full-round trip of the
groove is achieved by its upward movement from the
point (e), through a crossing point (f), the intermediate
point (¢) and another crossing point (g), located on the
not-shown side of the periphery of shaft 1, to the
starting uppermost point (a). Continuity of the second
groove 2 starting from point (a) and returning to point
(a) by successively passing through points (b), (c),
(d), (e), (), (c) and (g) will make a two-round trip on
the outer periphery of shaft 1.

The second groove 3 is formed at 180° offset with
respect to the first groove 2. The second groove 3
starts from an uppermost point (h) and returns to the
same point (h) by successively passing through the
crossing point (g), an intermediate point (i), the cross-
ing point (f), an lowermost point (j), the crossing point
(d), the intermediate point (i) and the crossing point
(b), during which the second groove 3 makes a two-
round trip on the outer periphery of shaft 1.

A pair of opposing projections or bosses 4 and 5
are engaged within grooves 2 and 3, respectively.
Projections 4, 5 are moved up and down along with
reciprocation of the piston. When the piston is located
at T.D.C., projection 4 is engaged within groove 2 at
the uppermost point (a) and projection 5 is engaged
within groove 3 at the uppermost point (h). As the pis-
ton moves down from T.D.C. to a position intermedi-
ate between T.D.C. and B.D.C., projection 4 travels
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along groove 2 from point (a) to point (c) whereas pro-
jection 5 travels along groove 3 from point (h) to point
(i), which makes a 180° counter-clockwise rotation of
shaft 1. During the succeeding downward movement
of the piston from the intermediate position to T.D.C.,
projection 4 runs along groove 2 from point (c) to point
(e) whereas projection 5 runs along groove 3 from
point (i) to point (j), which make another 180° coun-
terclockwise rotation of shaft 1. Thus, shaft 1 makes
a full, 360° rotation during downward movement of
the piston from T.D.C. to B.D.C. Similarly, shaft 1
makes another full, 360° rotation during upward
movement of the piston from B.D.C. to T.D.C.

In the manner as described above, one recipro-
cation of the piston is converted into two rotation of
shaft 1. In the example illustrated in Fig. 1, a ratio of
reciprocation/rotation is 1:2, which is twice as large as
the prior art. Moreover, such a ratio may be varied or
increased by changing the number of rotation of spiral
groove 4, 5 in its one complete trip around the outer
periphery of shaft 1.

The mechanism of the present invention requires
no crank shaft as means for converting reciprocation
of the piston to rotation. What are specially required
are a simple straight extending shaft with spiral con-
tinuous grooves and projections cooperating the spi-
ral grooves, which are easily machined and manufac-
tured with an ordinary skill.

It would be understood that Fig. 1 also illustrates
a mechanism for converting rotation to reciprocation.
When shaft 1 is rotated by an electric motor (not
shown) for example, projections 4, 5 are moved up
and down while being engaged within grooves 2, 3.

Fig. 2 illustrates a V2 engine into which the mech-
anism for transforming reciprocation to rotation (Fig.
1) is incorporated. Cylinders 10 and 10a are mounted
in substantially V-shaped arrangement with 90° of
bank. Cylinders 10 and 10a have substantially the
same construction and therefore one cylinder 10 will
be described in greater detail.

Inside cylinder 10, there are provided a stroke
chamber 14 in which a piston 12 is allowed to recipro-
cate and a combustion chamber 16 at the top. Com-
bustion chamber 16 of the illustrated embodiment is
designed as substantially a hemispheroid, but may be
differently shaped into something like a funnel,
wedge, bath tab, for example.

Although not shown, an intake manifold is provid-
ed for introducing a gas mixture of gasoline and air
into combustion chamber 16, and an exhaust mani-
fold is provided for discharging an exhaust gas from
combustion chamber 16. The intake manifold and the
exhaust manifold are provided with an inlet valve and
an outlet valve respectively. These elements are
known in the prior art and therefore require no further
description.

Piston 12 reciprocates in an axial direction in
stroke chamber 14 of cylinder 10. As well known and
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has been described hereinbefore, piston 12 makes
two reciprocation during one complete cycle of oper-
ation including four strokes of gas-inlet, compression,
explosion and exhaust. In Fig. 2, piston 12 is located
at T.D.C. At this time, piston 14a of another cylinder
10a is located at B.D.C. as shown.

Piston 12 has an inner bore 18 which is concen-
tric with cylinder 10. Inner bore 18 has a closed upper
end and an opened lower end through which a cylin-
drical shaft 20 is inserted. Shaft 20 is prevented from
axial movement. Instead, shaft 20 is supported rotat-
ably with respect to cylinder 10 and piston 12. A lubri-
cating oil, bearings, white metal or any other means
is provided on inner walls of bottom opening 11 of cy-
linder 10 and inner bore 18 of piston 12, which are at
any time in contact with rotating shaft 20, for allowing
smooth rotation of shaft 20 relative to cylinder 10 and
piston 12.

A pair of spiral grooves 22 and 24 are machined
at an outer periphery of shaft 20. Grooves 22, 24 may
be substantially the same as grooves 2, 3 shown in
Fig. 1. More particularly, first groove 22 starts from
an uppermost point 22a and reaches a lowermost
point 22b, during which it makes a round of shaft 20.
First groove 22 running upwardly from the lowermost
point 22b to the uppermost point 22a makes another
round of shaft 20. Similarly, second groove 24 makes
around of shaft 20 while running downwardly from an
uppermost point 24a to a lowermost point 24b, and
makes another round while running upwardly from
the lowermost point 24b to the uppermost point 24a.

At a bottom 13 of piston 12, there are provided
opposite bosses 26 and 28 with a 180° spacing. Boss-
es 26, 28 projects toward inner bore 18 and are en-
gaged within grooves 22, 24 respectively. When pis-
ton 12 is located at T.D.C. as shown in Fig. 2, boss 26
is engaged within groove 22 at its uppermost point
22a whereas boss 28 is engaged within groove 24 at
its uppermost point 24a. Bosses 26, 28 are secured
integrally with piston bottom 13 and therefore recipro-
cates in stroke chamber 14 together with piston 12.

Shaft 20 extends through bottom opening 11 of
cylinder 10 and has the lower end to which is secured
a bevel gear 30. Bevel gear 30 is engaged with an-
other bevel gear 32 mounted around a straight ex-
tending shaft 34. Thus, rotation of shaft 20 is trans-
mitted to straight extending shaft 34 through engage-
ment of bevel gears 30 and 32.

As apparent from the foregoing description, since
bosses 26, 28 secured to piston 12 and moved inte-
grally therewith are engaged within endless spiral
grooves 22, 24 formed on the outer periphery of shaft
20, downward movement of piston 12 in stroke cham-
ber 14 from T.D.C. will cause shaft 20 to rotate in a
counter-clockwise direction. Spiral grooves 22, 24
makes a round of shaft 20 while running from the up-
permost points 22a, 24a to the lowermost points 22b,
24b so that shaft 20 makes one revolution during
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downward movement of piston 12 from T.D.C. to
B.D.C. In the same manner, spiral grooves 22, 24
makes another round of shaft 20 while running from
the lowermost points 22b, 24b to the uppermost
points 22a, 24a so that shaft 20 makes another one
revolution during upward movement of piston 12 from
B.D.C. to T.D.C.

Accordingly, while piston 12 reciprocates twice
during a series of air-intake, compression, explosion
and exhaust steps, shaft 20 makes four revolution.
Rotation of shaft 20 is transmitted to straight extend-
ing shaft 34 via bevel gears 30 and 32. When, for ex-
ample, the number of teeth of bevel gear 30, 32 are
selected to be 20 and 10 respectively, which provides
a gear ratio of 2, two reciprocation of piston in a series
of four cycle operation will be converted into eight rev-
olution of straight extending shaft 34. Again, itis to be
understood that the prior art four-cycle engine creates
only two revolution of the crank shaft during the same
two reciprocation of piston.

The foregoing operation will be achieved in an-
other cylinder 10a. Reciprocation of a piston 12ain a
stroke chamber 14 is transformed into rotation of a
shaft 20a, which is then transmitted to straight ex-
tending shaft 34 through engagement between bevel
gears 30a and 32.

The end of straight extending shaft is connected
aflywheel 36. As in the prior art design, a starter gear
(not shown) is mounted in engagement with flywheel
36 for starting the engine with a cell motor (not
shown).

Pistons 12, 12a will move or reciprocate only in
the axial direction and should be prevented from ro-
tation. Should pistons 12, 12a rotate relative to
grooved shafts 20, 20a, it becomes difficult orimpos-
sible to transmit movement of piston to grooved shaft.
To this end, it is preferable that cylinder stroke cham-
bers 14, 14a and pistons 12, 12a have oval cross-
sections, as shown in Fig. 3.

Revolution of straight extending shaft 34 de-
pends on combination of the number of rounds of con-
tinuous spiral grooves 22, 24 and the gear ratio be-
tween bevel gears 30 and 32. Thus, revolution of
straight extending shaft 34 may be selected within a
relatively wide range so that in accordance with the
present invention the reciprocating engine is de-
signed to generate a greater output with a minimum
fuel consumption.

Most of parts and elements used in the prior art
reciprocating engines may also be used in the present
invention. Various devices used in association with
the reciprocating engine, including a cooling mecha-
nism, a lubricator, an electric system and an exhaust
system, may be the same as in the prior art. Further,
in the reciprocating engine of the present invention it
is not necessary to use a crank shaft which should be
precisely manufactured, and the crank shaft is re-
placed by a straight extending shaft of a simple mech-
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anism, thereby reducing an overall cost for manufac-
turing the engine.

In accordance with a principle of the present in-
vention, it is possible to provide various designs for
multiple-cylinder reciprocating engines. Fig. 2 illus-
trates an example of V-shaped arrangement. This ar-
rangement may be modified into T-shaped arrange-
ment as shown in Fig. 4 wherein a first cylinder 10
stands substantially upward and second and third cy-
linders 10a and 10b are mounted in opposed relation
in a substantially horizontal plane. Cylinders 10a and
10b may be arranged in V-shape with an appropriate
angle of bank.

Although not shown in accompanying drawings,
arrangement of Fig. 4 may further be modified to an-
other arrangement in which four cylinders are ar-
ranged like a letter "X" or "+ " with a center shaft 34.

A set of plural cylinders are mounted at the same
location of straight extending shaft 34. A plural sets
of cylinders may be mounted at different locations
along straight extending shaft 34 with suitable spac-
ings. For example, two sets of four cylinders (X-shape
arrangement) may be mounted at discrete two loca-
tions along shaft 34 to provide an engine having eight
cylinders in a compact design.

Figs. 5 and 6 show another arrangement of the
reciprocating engine which has not been achievable
by the prior art design. Four cylinders 40a to 40d are
mounted in parallel relation and surround a straight
extending center shaft 50. Each cylinder 40a-40d has
substantially the same construction as cylinders 10,
10a of the arrangement of Fig. 2. Grooved shafts 42a-
42d are rotated by reciprocation of pistons 44a-44d.
To the lower ends of grooved shafts 42a-42d are se-
cured gears 46a-46d which are all in engagement
with a center gear 48 fitted around center shaft 50. A
flywheel 52 is also secured around center shaft 50.
This four-cylinder engine is extremely compact espe-
cially in its radial direction. Revolution of center shaft
50 depends on a gear ratio between gears 46a-46d
and center gear 48, in combination with the number
of rounds of grooves formed on shafts 42a-42d.

Fig. 7 shows still another embodiment of a multi-
ple-cylinder reciprocating engine of the present in-
vention. This embodiment is so designed to cause at
the same time a first shaft 52a to rotate in one direc-
tion and a second shaft 52b to rotate in the other di-
rection. The engine has cylinders 54a-54f which may
be constructed in the same manner as those 10, 10a
in Fig. 2, 10, 10a and 10b in Fig. 4 and 40a-40d in Fig.
5. Bevel gears 58a-58f are connected to the lower
ends of grooved shafts 56a-56f of cylinders 54a-54f,
respectively. Bevel gears 58a and 58b are engaged
with a first bevel gear 60a of first shaft 52a. Devel
gears 58c and 58d are engaged with both a second
bevel gear 60b of first shaft 52a and a second bevel
gear 62b of second shaft 52b. Bevel gears 58e and
58f are engaged with a first bevel gear 62a of second
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shaft 52b. Flywheels 64a and 64b are secured around
first and second shafts 52a and 52b respectively.

In the embodiment of Fig. 7, reciprocation of pis-
tons in four cylinders 54a-54d causes rotation of first
shaft 52a and reciprocation of pistons in four cylin-
ders 54¢-54f causes rotation of second shaft 52b in
a direction opposite to a rotating direction of first shaft
52a. This type of reciprocating engine is preferably
mounted in sport type cars of high performance and
of a four-wheel drive.

Fig. 8 illustrates an air compressor employing a
mechanism for converting rotation to reciprocation
designed in accordance with a principle of the present
invention. The air compressor 66 includes an electric
motor 68 having an output shaft 68a with a reduction
gearbox 70. Output shaft is connected to a grooved
shaft 72. An oval cross-sectional piston 74 is recipro-
catable in an oval cross-sectional chamber 76 of a cy-
linder 78. Piston 74 has an inner bore 80 for accom-
modating grooved shaft 72. It would be understood
from the foregoing description of Fig. 1 that when mo-
tor 68 is driven to rotate grooved shaft 72, piston 74
is caused to reciprocate in chamber 76 due to engage-
ment between projections (not shown) of piston 74
and grooves 82 of shaft 72. Accordingly, air is intro-
duced into chamber 76 through an inlet 84 during left-
ward movement of piston 74 and discharged through
an outlet 86 during rightward movement of piston 74.
A plural cylinders 78 may be arranged and connected
to a single motor 68 via gear engagement.

Having described preferred embodiments of the
present invention with reference to the accompanying
drawings, it is to be understood that the invention is
not limited to these specific embodiments, and that
various changes and modifications may be made
without departing from the scope or spirit of the inven-
tion as defined in the appended claims.

Claims

1. Amechanism for transforming reciprocation to
rotation comprising a reciprocating element, a cylin-
drical element supported rotatably but unmovably in
a direction of reciprocation of said reciprocating ele-
ment, and an endless spiral groove formed at a per-
iphery of said cylindrical element and adapted to en-
gage portion of said reciprocating element, reciproca-
tion of said reciprocating element being transformed
into rotation of said cylindrical element through en-
gagement between said reciprocating element and
said endless spiral groove.

2. A reciprocating engine comprising a cylinder
having a combustion chamber at an upper portion
thereof, a piston reciprocating inside said cylinder as
a fuel gas is burnt in said combustion chamber, a ro-
tatable cylindrical shaft member extending in an axial
direction of said cylinder, at least a top end portion of

10

15

20

25

30

35

40

45

50

55

said cylindrical shaft member being fittable within an
inner bore of said piston, one or more of projections
formed integrally with said piston and projecting to-
ward said inner bore, one or more of endless spiral
grooves formed at a periphery of said cylindrical shaft
member and adapted to engage said projections re-
spectively, reciprocation of said piston being trans-
formed into rotation of said cylindrical shaft member
through engagement between said projections and
said endless spiral grooves.

3. The reciprocating engine of claim 2 wherein
said shaft member extends through a bottom of said
cylinder and has a first gear at a lower end thereof,
said first gear being engaged with a second gear fit-
ted around a straight extending shaft which is caused
to rotate as said piston reciprocates.

4. The reciprocating engine of claim 3 wherein a
plurality of said cylinders are arranged, each cylinder
having said piston with said projections and said shaft
member with said endless spiral grooves.

6. The reciprocating engine of claim 5 wherein
said plural cylinders are arranged radially from said
straight extending shaft.

7. The reciprocating engine of claim 5 wherein
said plural cylinders are arranged in parallel relation
with each other and with said straight extending shaft
to substantially surround said straight extending
shaft.

8. The recicprocating engine of claim 2 wherein
a flywheel is attached to said straight extending shaft
for engine starting operation with a cell motor.

9. The reciprocating engine of claim 2 wherein
said piston and said cylinder chamber have oval
cross-section to prevent relative rotation therebetw-
een.

10. A mechanism for transforming rotation to re-
ciprocation comprising an extending rotating ele-
ment, a reciprocating element adapted to reciprocate
in an axial direction of said rotating element, an end-
less spiral groove formed at a periphery of said rotat-
ing element and adapted to engage portion of said re-
ciprocating element, rotation of said rotating element
being transformed into reciprocation of said recipro-
cating element through engagement between said re-
ciprocating element and said endless spiral groove.
This mechanism may be incorporated in air compres-
SOr or pump.
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