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DESCRIPTION

"APPARATUS.FOR MUTUAL CONVERSION BETWEEN
CIRCULAR MOTION AND RECIPROCAL MOTION"

Technical Field

" The present invention relates to an apparatus for

mutual conversion between circular motion and reciprocal

motion which is ﬁsed for_cogverting reciprocal motion
of, é.g., fhé piston of a four~cycle'recipfocating
engine into roﬁary motion of a crankshaft.

Background Art | |

FIG. 47 shows a schematic sectional view of a

cylinder part of a conventional four-cycle reciprocating

-engine having a cylinder 341 in which a piston 342 moves

up and down reqiprocélly. The piston 342 is connected
with.a crankshéft 343 via a connecting rod 344 so that
the réciprbcal motion of the pisfon 342 is converted
into rotafy motion. In'FIG. 47, é reference numeral 345
denotes é heat fadiation plate. |

As one of the factors that hinder an increase in
outpuf efficiéﬁcy of such a fdur-éycle reéiprocating
engine,.ﬁhe unévoidable side thquf of the pistoh 342 is
knoWn; -This_Side thrust cahnot be avoided since the
piston 342 éﬁd the'crankshaft 543.éfe coupled to each
other by:ﬁsihg the connécting rod'344;' More

speéificaily? since the reciprocal motion of the piston

342 is nofssmoothly transmitted to the crankshaft 343,
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the side thrust is increased, thus causing an energy
loss. _

In this manner, conventionally,:the'COnnecting'rod
intervenes to-conVerf the reciprocal mbtion or linear
hotion into rotafy motion. With this connecting rod,
howeVer, since:the'piston oscillateé.as the crank moves,
in, e.g;, a four-cycle recip:ocating "elr”xgine, a sidé
thrust is generated bgtween the piston.and the cylinder.
Therefore, fhe engine idling speed must be increased to
about 1,000 rpm, causing a problem ih fuel consumption
as well. : : - |

The side.thrust causes an energy ioss. Moreover,
the piston must be méde of a heavy, stfong metal in

order to prevent damage to the piston, e.g., cracking,

partial breaking, and the like of the piston caused by.

collision of the piston against the inner wall of the

cyliﬁder due to the side thrust. Then, the weight of

piston cannot be decreased by making the piston with,

e.g., a ceramic. _

FIG. 28 showéla relationship bétweeh_a piston
position in a cylinder of a conventional fdur-éycle
reciprocal engine and'a-rotatioh ahgie'of thé engine.

In FIG. 28, the sdlid lihe shows a gfaph dendting an
ideal piston position, while,the brokep,line shows a
graph dénotihg a piston position.cf a cohvéntional four-
cycle reciérécating.enginef As seen from the:figure, in

the compression stroke from zero to”iéo.degrees of the
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conventional engine, the piston position or the compres-

sion rate of_ﬁhe fuel gas with respect to the rotation

anéle is lower than that of the ideal piston position.
Inithe'expansion stroke of 180-360 degrees, the;
éxpansion spegd_of the combustion gas is faster than
that of the.ideallspeea. For example, when the ignition
point is at isofdegree, the pressure of the fuel gas in
the convent;ona; engine is lower than that of the ideal
engine due to a so-called laﬁe raise of the piston. As
a result, tﬁe expansion pressure applied to the'piston
facé will be Smali compafed Qith that of the ideal |
engine. In the expansiognstroke, the pressure of the

combustion gas applied to the piston face décreases

| faster than that in the ideal engine'due to a so-called

early fall of the piston. As a result, it is not
posSible'to convert the pressure generated by the gés
combustion into méchaﬁical energy with high efficiency.

| FIG. 29 shows a gfaph showing a relationship |
between gas yolume_(V) in the cylinder and the gas
preséufe (megéspéscalﬁﬁpa) as conversion efficiency,
when the ga$ combustion energy is converted into mechan-
ical energy. In this figure, the dashed line denotes
the cpnversibn efficiency of the conventional réciprocal
engine. | | : |

‘The so-called late raise of the piston and so-

called early fall of the piston are called as a subtrac-

tion operation of the piston. In order to decrease the
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subtraction operation in a marine'engine, the'connecting
rod should be madelas long as possible. For example, a
connecting rod of 15 meters in height is used.

FIG. 30 is a graph for showing operations of the
piston 342, connecting rod 344 and crankshaft 343 shown
in FIG. 47, where s denotes the stroke of the piston
342, L denotes the length of'the'connecting rod 344, r
denotes the radius of the rotational locus of the crank-
shaft 343, a denotes an angle betﬁeen a line connecting
the piston 342 and the center of'the oranksnaft 343 and
the connecting.rod 344, and.e denotes tne:rotational
angle of the crankshaft 343. |

The piston stroke s in the conventional engine is
shown by the follow1ng equations.

s=r(1-cose)+L(1—coso)

| L-sino=rASine

From these equations the following equation (1) can
be obtained. | | | |

S=r(1-cos8)+L(1-( l-r**Zsin**ze/L**'Z )%%0.5)

: : y . )
where **2 denotes power of 2 and **0.5 denotes
power of 1/2;

As can_be seen from the equation (1); the piston

~ stroke s is defined by a term including tne power of 1/2

denoting the rotational angle 8 of the crankshaft

343, Therefore,.the curve showing'the piston stroke s

or the piston position does not represent an ideal sine
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curve as shown by the dashed line in FIG. 28.

Further, the conventional engine is provided with a
flywheel and a counter weight for the crankshaft so as
to smoothen.the'engine rotation. These flywheel and the
oounter weight, however, absorb the mechanioal energy
generated from the engine in the acceleration period.
This absorbed energy is wasted as heat energy during the
braking or deceleration period
Disciosure of the Invention

It.is,“therefore; an object of the present inven-
tion to prOVide an apparatus for mutual conversion
between oircular motion and reciprocal motion that can
decrease anlenergy loss caused when converting the
reciprocal motion of the piston of, e.g., a two- or
fonrecycie-reciprocating engine into the rotary motion
of the crankshaft and can decrease the weight of the
engine by forming_the piston with a ceramic, for
example. | -

Aocording to an aspect of the present invention,
there is provided an apparatus for mntual conversion
between'circnlar motion and reciprocal motion,
compriéing: a ‘rotary body; a léver member having a -
fulcrum as.ﬁell ae an action point and a force point one
ofdwhioh is rotatably mounted at a point on a line con-
necting 2 rotational center and a c1rcumference of the
rotary body, -one of the action peint and the force p01nt

being provided with a first regulator and the fulcrum
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being provided with a second. regulator for functioning
the fulcrum as a movable fulcrum; and a reciprocating
body to which one of the action point and the force
point provided with the first regulator is coupled*
wherein the first and second regulators include support
members for supporting one of the force and action
points and the fulcrum to be movable in a longltudinal
direction of the lever member

According to another aspect of the present
invention, there is provided an apparatus for mutual
conversion between c1rcular motion and reciprocal
motion, comprising: a rotary body:.a*lever member having

a fulcrum as well as a force point and an action point

which is rotatably mounted at a p01nt on a line connect-

ing a rotational center and a circumference of a rotary
body, the force point being provided With a first
regulator and the fulcrum being provided with a second.
regulator for functioning the fulcrum as a movable
fulcrum; and a reciprocating motor to Wthh the force
point provided with the first regulator is coupled;
wherein the first and second regulators include support
members for supporting the force point and the_fulcrum
to be movable in a longitudinal direction of the lever
member. |
According to further-aspect of the.present
invention,.there is'provided an apparatus for mutual

conversion between circular motion and reciprocal
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motion, comprising: a rotary motor; and a lever member

;having a fulcrum as-well as a force point and an action

-point which is rotatably mounted at a point on a line

connecting a rotational center and a circumference of a
rotary motor, the action point being provided with a
first regulator and the fulcrum being provided with a
second regulator for functioning the fulcrum'as a
movable fulcrum,_and the action point provided with the
first regulator being coupled to a'reciprocating body.of
a reciprocated macnine; wherein'the first and second
regulators'include support members for supporting action
point and the fulcrum to pe movable in a longitudinal
direction_of the lever member. |
AcCording to still another aspect of the present
1nvention there is provided an apparatus for mutual
conversion between Circular motion and reciprocal

motion, comprising. a rotary body; and a lever member

'having a fulcrum as well as a force point and an action

_ point connected to the rotary body to be driven, the

force point being prov1ded with a first regulator and

] the fulcrum being prov1ded with a second regulator for

functioning the fulcrum as a movable fulcrum; wherein
the force point provided with the first regulator is
coupled to a piston of a reciprocating body of a motor,

the piston lS movably mounted in a cylinder of the

‘motor, the cylinder has inlet and exhaust units of a

powerlgas_at each of two ends thereof, and the first and
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second regulators -have support members for supporting

the force pOint and the fulcrum to be movable in a

'1ongitudinal direction of the lever member.

According to still another aspect of the present
invention, there is prov1ded an apparatus for mutual
conversion between circular motion and reciprocal
motion, comprising‘ a rotary body; and a lever member
hav1ng a fulcrum as well as a force p01nt and an action
point which is rotatably mounted at a p01nt on a line
connecting a rotational center and a c1rcumference of
the rotary body, the force point being prov1ded with a .
first regulator and the_fulcrum being prov1ded with a
second regulator for functioning the'fulcrum as a
movable fulcrum, wherein the force pOint prov1ded with
the first regulator is coupled to a piston of a
reciprocating motor, the piston is movably mounted in a
cylinder, the cylinder has ‘inlet and exhaust units_of a
fuel gas and an ignition unit at each of two ends
thereof, and the first and second regulators have
support.members'for supporting the force point and the
fulcrum to be movable in a longitudinal direction of the
lever member. - o

According to still further aspect of the present
1nvention, there is prov1dedl an apparatus for mutual
conversion between c1rcular motion and reCiprocal motion
comprising a lever member having a first regulator

provided ‘at an end of the lever member for functioning
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as a force point or an action point, and a second
regulator provided at another end of the lever member
for functioning as an osc111ation support point, a point
between both of the ends functicning as an action point

or a force point rotatably and axially secured on a line

- connecting a rotation center of a rotary member and a

circumference w1th each other, wherein a rec1procal .

" motion member is connected with the first regulator and

‘that the first and second members have a support member

for movably supporting the force or action peoints and
the osciilation support point such that the force or
action p01nts and the osc111ation support point are
movable in a lengthWise direction of the lever member.
f_According to still another aspect of the present
invention,;there is provided an apparatus for mutual
conversion betWeen circular motion and reciprocal motion
comprising, a rotary.member; and a lever member having a
first.regulator provided at an end of the lever member
for functioning as a force point or an action point, and
a second regulator provided at another end of the lever
member for functioning as an oscillation support point,

a.point between'both of the ends functioning as an

. action point'or a force point rotatably and axially

secured on a line connecting a rotation center of the

rotary member and a circumference with each other,

wherein the first ‘and second members have a support

_member for movably supporting the force or action points
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and the oscillation support point such that the force or
action points and the oscillation support point are
movable in a lengthwise direction of the lever member.
According to still further aspect of the present
1nvention there is provided an apparatus for mutual
conversion between circular motion and reciprocal motion
comprising: a rotary member; a lever member having a
first regulator provided at an end_of the lever member
for functioning as a force point or an action.point, a
second reguiator provided at another end_of the lever
member for fnnctioning as an oscillation support point,
a point between'both'of the ends functioning as an.
action point or a force point rotatably and axially.
secured on a line connecting a rotation center of the
rotary member and a circumference with each other; and a
reciprocal MOtor connected_with the first regulator,
wherein the first and second members have a support
member for_movably supporting the force or action points

and the oscillation support point such that the force or

action points and the oscillation support point are

movable in a lengthwise direction of_the lever member.
'.According to still further aspect of the present
invention, there is provided an apparatus for_mutual
conversion between circular motion and reciprocal motion
comprising: .a lever member having a first'regulator
provided at an end of the lever member_for functioning

as an action point and a second regulator provided at
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another end of the lever member for functioning as an

oscillatibn'support point, a point between both of the

~ends functioning.as a force point rotétably and axially
' ‘secured on a line connecting a rotation center of a

rotary member and a circumfefence_with each other; and a

rotary motdr having an output shaft connected with the
forcelpoint, Whereiﬁ the first regulator is connected
with a reciﬁrocal motion member aé a reciprocal motion
member and:that the first and second members have a
support member for movably supporting the force or
action points_and the psc}llation support point such
thét the fdrde:or action points and the oscillation
support point are movable in a lengthwise direction of
the lever member. |

. Aécording to still another aspect of the present
invehti§n;-there is provided an apparatus fo; mutual
conversion between circular motion and reciprocal motion
comprising a fotary membér and é lever member having a

first régﬁlator_p:ovided at an end of the lever member

.for_functioning as a force point, and a second regulator

provided at anothér end of the lever member for func-:

tioning'as an oscillation support point, a middle point

between both of“the ends,functioningﬁas an action point

rotatably and.axiélly secured on a line connecting a

-rotation center 6f the rotary member and a circumference

with each other, wherein the first regulator is con-

nected wi£h a piston of a reciprocal motion motor, that
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the piston is movably included in a cylinder that the
cylinder have ends both respectively prov1ded with an
intake/exhaust device for taking in/exhausting a power
gas, and that the first and second membets havé a sup-
oort member for movably supporting the force or action
points and the oscillation support poiﬁt such that the
force or action points and the osciliotion support point
are movable in a lengthwise direction of the lever
member. ' |
Brief Descrlptlon of the Invention |

"FIG. 1 is a perspectlve view show1ng an embodlment
of the present invention; _

. FIG. 2 is a view showing an example of the loc1 of

rotating and reciprocating portions shown in FIG. 1;

FIG. 3 is a view_showing another example of the

loci of the rotating and reciprocating portions shown in

. FIG. 1;-

FIG. 4 is a schematic sectional view showing
another embodiment of the present invention;

FIG. 5 is a perspective view showing still another

embodiment of the pteSent invention;

FIG. 6 shows views representing“the operation
processes of the embodiment-Shown_in.FIG. 5;

FIG. 7_is a front view showing a concrete embodi-
ment corresponding to the embodiment shown in FIG. 5;

FIG. 8 is a plan view of the apparatus of the

- embodiment show in FIG. 7;
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FIG. 9 is a sectional side view of the apparatus of
the embodiment Shewn in FIG. 7; _

FIG. 10 is a front view of the abparatus of the
embodiment shown in FIG. 7; | |
| ~ FIG. 11 is a schematic sectional view showing still
another embodiment of the present invention;

FIG. 12 is a sehemafic sectional view showing a
modification of the embodiment shown in FIG. 11;

FIG. 13 is a schematic side view showing still
another embediment.of the_present invention;

 FIG. 14 shows schematic views showing still another

embodiment of the presenézinvehtion;

FIG. 15 is a schematic side view showing still
another embodiment of the present invention;

FIG. 16 is a schematic side view showing still
another embodiment ef the present invention;

FIG. 17 is a schematic side view showing still.
another’ embodiment of the present inventien;

FIG. 18 is a echematic side view showing still
another embodiment of the present invention;

~ FIG. 19 is a schematic side view showing still

another embodiment-Of the present invenfion;

FIG. 20 shows schematic views showing still another
eﬁbodiment'qf the present invention;

FIG. 21 is a perspective view showing a still
further embodiment of the present invention;

FIG. 22 is a front view showing a still enother'
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embodiment of the bresent invention;
" FIG. 23 is a front view showing a still further
embodiment of the present invention; . _

- FIG. 24 is a side view showing a:partial cross-
section of a structure according to a still further
embodiment of the present invention;.

FIG. 25 is a view for showing loci explaining an

operation of respective sections of the embodiment shown

in FIG. 24;

FIG. 26 is a-view.for showing lpéi explaining an
operation of respective éectioné of a modification of
the embodiment shown in FIG. 24; _ |

FIG. 27 is a view for showing loci expléining an
operation of respective sections of a modification of
the embodiment shown in FIG. 24; _

FIG. 28 is a graph showing a relationship of a
piston position and a rotation angle according to the
embodiment of FIG.'24, compared with a conventional
engine; '_

FIG. 29 is a graph showing a relationship between a
gas volume and a pressure in a cylinder according to the

embodiment of FIG. 24;

.~ FIG. 30 is a diagram showing a relationship between

a piston, a connecting rod, and a crankshaft in a con-

ventional reciprocating engine;
FIG. 31 is a diagram showing a piston, a moving

fulcrum type lever device, and a crankshaft in the
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embodiment of FIG. 24;

FIG. 32 is a.table comparing characteristics of a
conventional reciprocating engine, thbse of én inner
moving fulcrum type Z-mechanism engine, and those of an
6utef moving fulcrum type Z-mechaniém-engine of the_
present invention with each other;

FIG. 33 is a frdnt view showing.a cross-section of
an outer moving fulcrum type z-mechénism.engine accord-

ing to still another embodiment of the present

‘invention;

FIG. 34 is a top view showing a cross-section of
the outer moving fulcru@ ;ype Z—mechanism engine accord-
ing to the embodiment of FIG. 33; |

FIG. 35 is a side view showing a cross-section of
the outer moving fulcrum type Z-mechanism engine accord-
ing to the embodiment of FIG. 33; |

'FIG. 36 is a front view showing a across section of
an outer moving fulcrum type Z-mechanism engine accord-
ing. to a still-aﬁother-embodiment of the present
invention; |

| FIG. 37 is a'top view showing a cross-seétion of
the outer moving_fulcrum type Z-mechanism engine accord-
ing to the embodiment of FIG. 36;

FIG. 3§.is-a side view showing a cross—sectibn of

the.outer moving fulcrum type Z-mechanism engine accord-

ing to the embodiment of FIG. 36;

FIG. 39 is a front view showing a cross-section of
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an outer_moving'fulcrum'type Z-mechanism engine accord-~

ing to a still further embodiment of the present

invention; _

FiG 40 is a front view showing a cross-section of
a practical form of the embodiment of FIG. 33;

FIG. 41 is a front view showing a cross-section of
an outer moving'fulcrum-type Z-mechanism engine accord-
ing to still another embodiment of the present
invention;

. FIG. 42 is a side view sho&ing a cross-section of
the outer mbvihg fulcrum type Z-mechanism engine accord-
ing to the embodiment of FIG. 41;

FIG. 43 is a perspective view showing an outer
moviné fulcrum type Z-mechanism engine according to a
still further embodiment of the present invention;

| FIG. 44 is a view schematically showing a structure
of an oﬁter movihg fulcrum type Z-mechanism engine
according to a still another embodiment of the present
invention; |

FIG. 45 is a view sChematically showing a structﬁre
of an outer moving fhlcfum type Z-mechenism engine
according to still further embodiment of the present
inventibn} '

fIG. 46 is a view schematically showing a structure
of a'flying;member constituted with use of an apparatus
fer mutual conversion between cireular motion and recip-~

rocal motipn;.and
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FIG. 47 is a view schematically showing a conven-

'~ tional reciprocating engine.

 Best Mode of Carrying Out the Invention

The preferred embodiments of the present invention

nill be described in detail with reference to the accom-

panying drawings. -

FIG. 1 is a perspective view showing the overall
arrangement of an embodiment of the present invention.
This embodiment has a lever member 5 whose one end
serving as a force point is rotatably mounted, through a

pin 4, to a position close to the circumference of a

”.

'disk 3 mounted to a rotating shaft 2 of a motor 1;

The fulcrum 6a of the lever member 5 is rotatably
supported by a fulcrum regulator 6 so that the fulcrum
is movable in its longitudinal direction The fulcrum

6a is a pin and is mounted on the lever member 5 so as

_to support a roller 6b rotatably to the lever member 5

through'the pin 6a. The fulcrum regulator 6 is composed

" of the roller 6b and guide plates 6c and 64 for guiding

the roller 6b as well as the lever member 5 to be

movable:in_the longitudinal direction of the lever

member 5.

An action point regulator 7.is provided to the
action point 7a at the other end of the lever member 5.
The action_point_regulator 7 has a roller 7b rotatably
mounted to the other end of the lerer member 5 through a

pin 7a, and guide plates 7c and 7d for guiding the
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roller 7b so.that'the roller 7b as well as the action
point 7a are movable in the longitudinal direction of
the lever member 5.

The action point regulator 7 is fixed to substan-

tially the central portion of a cylindrical piston 8,

and the piston 8 is inserted in_a cylinder 9.' Piston
rings (not shown) are mounted at the'peripheral portions
near to the both end portions of.the piston~8 so as to
seal a gap between the piston 8_and the inner wall of
the cylinder 9. o

Pairs of 1nlet and exhaust pipes 10a ‘and 10b, and

" 10c and 10d are mounted to the two end faces of the

cylinder 9, and opening/c1051ng valves lla, llb llc,
and 114 are prov1ded to the respective pipes

In this arrangement when the motor 1 is connected
to a power supply and driven, the disk 3 is rotated in,
e.qg., the direction of an arrow A shown in FIG. 1, and

the lever member 5 repeats pivot motion in the

'counterclockWise and clockwise directions every half

turn of the disk 3. Accordingly, the action point 7a of
the lever member 5 repeats a reciprocal motion in the
direction normal to its longitudinal,direction along
with rotation of the disk 3. '

The reciprocal motion of the_action point of the

lever member 5 is transmitted to the action point regu-

‘lator 7, and accordingly the. piston 8 performs linear

reciprocal motion in the cylinder 9. At this time, the
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roller 7b is guided to be movable in the longitudinal

direction of the lever member 5 along the guide plates

" 7¢ and 7d of the regulator 7.

In this case, when the valves 11a to 114 are opened
and closed at predetermined timings as the piston 8

moves in response to the vertical movement of the lever

'member's, a liquid can be taken from the pipes 10a and

10c into the cylinder 9 and exhausted from the pipes 10b
and 104, respectively. '

At this time, since the side thrust of the piston 8
towafd the inner wall of the cylinder 9 does not appear
due to the regulators 6 a;d'7, and the side thrust of
the leVer-member 5 toward the guide plates 6c, 6d, 7c,
and 74, which is_eaused at the movable fulcrum 6a and

the action point 7a of the lever member 5, is absorbed

' as rotation of'the rollers 6b and 7b, mechanical losses

at these poftions are very small.

| .'The apparaﬁus of the embodiment shown in FIG. 1 is
a reversible apparatus. For example, when a high- |

pfessure'liquid or air is alternately supplied from the
pipes 10a and 1dc to vertically move the piston 8 with
the.high—pteSSUre liquid or air, and the reciprocal

‘motion of the piston.s is transmitted to the disk 3

through the lever member 5 to rotate the disk 3, the
motor 1 can be driven as a power generator.
In this ease'as:well; since the side thrust of the

piston 8 toward the inner wall of the cylindef 9 and
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that of the lever member 5 toward the guide plates éc,
6d, 7c, and 7d, which is caused at the'movable fulcrum
6a and the force point 7a of the lever ﬁember 5 by the
reciprocal motion of the piston 8, is absorbed as
rotation of the rollers 6b and 7b of the regulators 6
and 7, mechanical losses ét these portions are very
small. |

FIGS. 2 and 3 are views showing the loci of the
pins 4, 6a, ahd,?a in motion which respéctively serve as
the force_ppint, the fulcrum, and the action point of

the lever member 5 in the embodiment shown in FIG. 1.

- More specifically, the pin 4 performs a complete circu-

lar motion, the fulcrum pin 6a linearly moves between
the guide plates 6c and 64 in the longitudinal direction
of the lever member 5, and the pin 7a moves between the
guide plates 7c and 7d in response to the feciprocal
motion ef.the piston 8 to form a locus as shown in

FIG. 2 or 3. The difference ih locus of.the pin 7a

between FIGS. 2 aﬂd 3 is caused by the difference in

. position of the movable fulcrum pin éa.

FIG. 4 is a view showing thg schematic arrangement
of an embodiment in which the presént_invention is
applied to a four-cycle engine. An inlet pipe 21, an
exhaust pipe 22, an inlet valve 23, and an exhaust valve
24 are provided a£ the upper portion'of'a cylinder 20 of
the four-cycle eﬁgine.

A piston 25 is provided in the cylinder 20 to move



WO 9525914 . : " PCT/IP95/00384

10

15

20

25

- 21 -

vertically along the inner wall of the cylinder 20.

Alﬁhough not shown;'a piston ring is mounted on the

outer circumferential surface of the“piston 25 to seal

the pistdn'ZS with respéct to the inner wall of the
éylinder 20. In the piston 25, a guide groove 25c is

formed between a pair of guide plates 25a and 25b

separated from each other by a predetermined distance in

- a direction perpendicular to the moving direction of the

piston 25.

A roller 26 having an outer diameter of almost the

same size as the width of the guide groo#e 25c is
inserted in the guide groove 25c. The roller 26 is

rbtatably mounted to one end'or force point of a lever

- member 28 through a pin 27. The plates 25a, 25b and the

roller 26 function as a force point regulator.
"The leVer member 28 is Supported through a movable

fulcrum regulator 29 which has an arrangement identical

.to that5of.the embodiment shown in FIG. 1. The other

end of the 1eVer'member 28 is rotatably coupled to the
crankshaft afm 30 of a crankshaft 32 or the peripheral
portion of a rotary disk through a pin. The movable

fﬁlcrum regulator 29 is constituted by a pin 28a, a

- roller 28b, and guide plates 28¢c and 28d. The guide

plates 28c and 28d are provided along the direction of
the réciprocal_motion of thé piston 25, and the roller
28b'is_alsb;supported to be movable in the direction of

the reciprocal motion of thé piston 25.
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In this embodiment, when the.fuéi+airzmixture is
ignited by én ignition plug 33_neér:the uppér dead point
in the compression Strbke.of the.piston 25, the piston
25 is pushed down.by_explosion of the_fuéi-air mixture.
This pressﬁre”ié transmitted to thé lever member 28 |
through.the réllér 26 and the pih 27, is then transmit-
ted from the'érankshaft arm 30 to the center rod of the
crankshaft 32. | |

In the embodiment of FIG. 4, the piston 25 is urged
against the_inner wall of the cylindgr 20 by the pres-
sure of the explosion. Since the piston 25 and the
lever member 28 aré coupled to each éther through the
regulaiorlcbmposed of the plafes 25a ahd 25b and the
roller 26 sefving as a fo;ce point'regulator and through
the regulator 29 serving as the movable fulcrum
regulatér, the force-ﬁrging-the pision 25 is.fully
tfansmiﬁted_to the crankshaft arm 36 énd does hot-
receive ahy counteraction'frém_the lever member 28, so
that the side thrust is greatly deéreaéed as compared to
a conventional reciprécal engine. Similarly, the

fulcrum 28a of the lever member 28 is supported by the

~movable fulcrum :egulétor 29, and accofdingly the .

reciprocal motion of the piston 25 is converted iﬁto a
rotary motion with a small mechanical loss.

In this case, éince the pistoﬁ 25 is not urged
agaiﬁst the inner wall of the cylindef 20 by a large

force, the major portion of the pistonlzs can be formed
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of,_e.g,,_g ceramic. Since the side.thrusf is
decreaséd, thé enérgy loss is aécreased, and the idling
speeq can be decreased to, e.g., 50 rbm or less, leading
to a gréat.ad?antage in fuel consumption as well.

| _In_thévembodiment of FIG. 5, two cylinders and two
pistons egch identical to that of the embodiment in
FIG. 4 are coaxially coupled to have a simplified
aprangemgnt, thereby further imprbving the efficiency.

Accqrdipgly, in FIG. 5, portions corresponding to those

'_in the a:rangemént of FIG. 4 are denoted by the same

reference pumeréls, and a detailed description thereof
will be gmitted or simplified.

Referring to FIG. 5, pairs of inlet pipes 21a and

21b, exhaust pipes 22a and 22b, and ignition plugs'33a

and 33b are mounted to the two end faces of a cylinder
20. A piston 25 is inserted in the cylinder 20, and a
pin 27 acting_as a force point.and a rollér 26 and guide
plates_zsé.and 25Db serving'as a force point regﬁlator

are pgév;ded in the piston 25. . The pin 27 is mounted to

. one end.of'a lever member 28, and the lever member 28 is

rotatably coupled to a crankshaft arm or a power receiv-
ing portion 30a of a crankshaft 32 through a fulcrum

réguléto:_zs, The power receiving portion 30a corre-

'..sponqs to the crankshaft arm 30 of the'crankshaft 32 in

the embodiment of FIG.'4. _-

In the embodiment of FIG. 5, the inlet pipes 2la

.and 21b, and the exhaust pipes.22a and 22b are opened
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and closed by valves (not shown)'at'prédetermined

- timings. These portions may have the same arrangement

as that of a conventional four—cYcle_engine and the
detailed explanations thereof are thus omitted.

| Assume that the crankshaft 32 is rotated by a
starter motor (not shown), that, e.g., the'piston 25 is

moved in the cylinder 20 to come close to the left end

"in FIG. 5, and that the fuel—air-mixture is'compressed

at this time. When the fuel-air mixture is ignited by
the ignition plug 33a, the piston 25 is pushed to the
right in FIG. 5, and the lever member 28 is rotated in

the clockwise direction through the'pin'27 as well as

~ the force point regulator. When the lever member 28 is

rotated about the fulcrum pin 28a clockwise, the

- crankshaft 32 is rotated in the counterclockwise

diréction; As a result, the piston 25 is moved in the
cylinder 20 to come close to the right end in FIG. 5,
and then the exhaust gas is exhausted from the pipe 22b.
If it is designed that an explosion takes place in a

second cylinder (not shown), the crankshaft 32 is con-

‘tinuously rotated.

When an explosion takes place in the second
cylinder, the piston 25 in FIG. & is moved to the left
to exhaust the exhaust gas through the pipe 22a, and

simultaneously the fuel-air mixturelis taken from the

inlet pipe 21b. When an explosion takes place in

another third.cyiiﬁder as the piston 25 comes to the
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left end in FIG. 5, the piston 25 is moved to the right

to-comp;eSs the fﬁel-air mixture taken in the inlet pipe
21b. The piston 25 is moved in the cylinder 20 to come
close to the right end in FIG. 5. When the ignition
blug 33b igniteé the compressed fuel-air mixture at this
time, the piston 25 is pushed to the left. In this
manner, tﬁe crankshaft.32 is'continuouély rotated in the
direction shown by an arrow A. o

FIG. 6(&) shows the process of a four-cycle engine
in which two cylinders having the arrangement as shown in

FIG. 5 are coupled to the crankshaft 32, énd FIG. 6(b)

‘shows operafion steps of another twd cylinders of the

four-cycle engine in which a total of four cylinders
identical tblthat employed'in FIG. 5 are arranged to
continuously cause four-cycle operation; In this case,
if the four cylinders are arranged'such that an explb—
sion always takes place in a push-pull manner at the two
sides of the leﬁer member 28 of FIG. 5, the operation
efficiency is.increasea, thereby realizing'a quiet
engine haQing a small vibraﬁion. _

In tﬁis embodimeht, the_pistbn 25 arranged with a
gdod balancefén.the two sides of thé pin 27, and the
piston 25 only 1inearly contacts the guide plaﬁes 25a
and.25b of éhe.lever member.zs corresédnding to the
conventionai connecting rod through the roller 26.
Therefore, ddfing eéch explosion, the piston 25 does not

cause a largé side thrust to act on the inner wall of
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the cylinder 20. -Accdrdingly, the énefgy loss caused by“
thé side thrust becomes small, so that a“high-efficiency
reciprocatihg ehgine can be constituted; _Since_a'very
large force ddes ndt act on the pisfqn 25 due to.the
éide thrust, the piston 25 can be formed-of a ceraﬁic._

When the recipfocéting engine éan”be formed by
using a ceramic, the internal temperature of thé
cylinder 20 can be increased to twice to three times
that of a conventional engine. It is:kﬁown that the
heét efficiency of the conventional reciprdcating engine
is 20%. In'this émbodiment, the meéhahiéél lbss can
also be largely decfeased, ‘For éxampié; if a 10%
mechanical loss can Be retoveréd, aséuﬁing ﬁhat a 70%
remaining heat loss can be dec:eéSed'to 1/5, a high -
efficiency of (10 + 70/3 + 20)%,_i.é., more than 50% can
be obtained. o _ " .

Since the total coefficient of friction from the
piston és'to the crankshaft 32'becomes.véry sméll, a

smooth movement as a whole can be obtained, and the

idling speed can be reduced to,'e.g.,'so'rpm or less.

FIGS. 7.td'io show.an embodiment of a horizontal
coaxial four-cYcle engine in which é'cylinder_having the
arrangement of the embodiment of FIG..S.is'piaced
horizontally. Referring to FIG. 7, a roller 43a is
fitted in a guide grbee 42a formed betﬁéen gqide plates
42b and 42c férméd in a piston 4la inéerted.iq'a

cylinder 40a and is mounted to one end of a lever member
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45a thrbugh a pin 44a.

The roller 43a, two guide plates 42b and 42c form a
force point regulator and the pin 44a acts as a force
point of ‘the lever member 45a.
| The lever membér 45a is supported by a pin 48a
acting as a movable fulcrum which is provided with a
fulcrum regulator fofmed'by a roller 47a inserted in a
guidé groove 46a. The other end or action point of the
lever member 45a is coupled to a crankshaft arm 49a of a
crankshaft. ‘The crankshaft arm 49a is coupled to cam
shafts 50a and 50b through a belt 61 and rollers 62a,
62b, 62c, 62d, and 62e a; shown in FIG. 10 and serving
as a coupling member, and drives cams 51a and S1b
mounted to the cam shafts 50a and S0b. The cams 51a and
51b drive valﬁes S4a and 54b through lever members 53a
and 53b having movable fulcrum regulators 52a and 52b,
respectively. |

As shown in FIG. 8, in addition to the valve 54a,

another valve 55a is provided to one side of the

cylinder 40a. The valve 55a is driven by a lever member

" 56a in é similar manner. As shown in FIG. 8, in addi- .

tion to the valve 54b, another valve 55b is provided to
the otherjside of the cylinder 40a. The valve 55b.1is
driven by a lever member 56b in a similar manner.

Referring to FIG. 8, pairs of ignition plugs 57a and

' 57b, and 58a-and 58b are respectively proﬁided to the

two sides of the cylinder 40a.
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FIG. 9 is a.séctional side view taken along the
portion of the lever member 45a shown in FIG. 7. The
crankshaft arm 49a coupled to the lower end of the lever
member 45a is rofatably.sﬁpported_by bearings 60a and
60b. ' S |

The engine shown in FIGS. 7 to 10 is basically the
same as. that shown in FIG. 5 and a descripti§n of the
operation thereof will be omitted. 1In this engine, a
lever member identical to the lever member 28 used
between the piston 25-and-thé crankshaft 32 in FIG. 5 is
employed in the driving méchanism of the valves 54a to
55b} S0 that the engine can be rbtated at.a highér |
speed.

Examples of a valve opening/closing mechanism will
be described_with reference to FIGS. ll_énd 12, 1In
FIG. 11, the valve opening/closing mechanism is applied
to a tappet valve. A guide groove 71 of a forée.ppint
regulator is formed in the distal end of a tappet 70 in
a direction perpendicular to the movihg.direction of the

tappet 70, and a roller 72 is inserted in the guide

~groove 71. Thefroller 72 is mounted to force point of a

lever member 74 through a pin 73, and a valve shaft 75
is rotatabiy mounted to the actién point or the other |
end of the lever member 74. The movable fulé:um of the
lever member.74 is supported by a roller 77 thrbugh a

pin 76, and the roller 77 is held on an engine body 79

| through a guide groove 78 of a fulcrum regulator so that
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it can freely move in the longitudinal direction of the
lever member 74.
A valve 80 is formed on the distal end of the valve

shaft 75. A washer 81 is fixed to the valve shaft 75.

.The valve 80 formed on the distal end of the valve shaft

- 75 constantly closes, e.g., an exhaust hole 83 by the

operation of a coil spring 82 inserted between the
washer 81 and the engine body 79. The tappet 70 is
regulated by the engine body 79 acting as an input
movable force point regulator and the valve shaft 75 is
regulated by the engine body 79 écting as an output
action point regulator. |

Wheﬁ the valve dpening/closing mechanism is formed
in this manner, the veftical movement of the tappet 70
regulated by the input force point regulator is smoothly
transmitted to the valve shaft 75, and the movement of"
the valve shaft 75 is regulated by the_output,actioﬂ
point regulator as well as by a wall 7la on the upper
side of the guide groove 71 formed in the distal end of
the tappet 70. Thus, even if the engine speed
increases, the valve 80 always follows the.vertical
movemenﬁ of the tappet 70 precisely so as not to cause
so-called crush. Therefore, the engine speed can
remarkably increases as compared to the conventionél
engine. | _
fIG. 12 shows an example in which'ﬁhe valve

ppening/closing mechanism is applied to an OHC (overhead
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cam) valve. FIG. 12 is different from FIG. 11 only in
fhat the valve opening/closing mechanism is driven by an
overhead cam 85 in place of the tappet 70 and that a
guide groove 78 is formgd between a guide plate ﬁea.and
én engine body 79. The operation ofith;s méchanism is
basically the same as that of FIG. 11.

All of the above embodiments_are related to apparé—
tuses for conversion between rotary motion and linéar
reciprocal motion. The following embodiments are
related to apparatuses for directly converting rotary
motion info reciprocai pi@ot motion of a lever member.

FIG. 13 shows a basic attuator'arrangement 111 of
such an-apparatus.. Referring to FIG. 13, a rotor arm
101A is coupled to a motor 100 thrbugh.a rotating shaft
101 and is driven by it. A lever member 103 is coupled
to the other end of the rotor érm-lOlA thréugh a pin

102, and a movable fulcrum 104 of the lever member 103

.is rotatably supported between a pair of parallel guide

plates 106 and 107 of a fulcrum regulator through a

" roller 105. All these ;onsfituent eLements are housed

in a rectangular case 109, and especiélly the portion of
thé motor 100 is sealéd in a shock absorber filler 110.
| -In this arrangement 111, when power is 5upplied to
the motor 100 to rotate the shaft 101, as the motor 100
rotates, the free end of the_rotor arm 101A or the pin

102 performs a circular motion to form a trace'having

 almost the same size as that of the lehgth of the arm
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101A. Accordingly, the roller 105 is lineérly moved
between the guide.plates 106 and 107, and the lever
member 103 reciprocally rotates about the movable
fulcrum 104 as_the“center. By this arrangement, rot;—
tion of the rotary arm 101A is smodthly converted into
the reciprocal motion qf.the lever member 103. .Note
that the angle of feciprocal swing motion of the lever
member 103 can be changed by changing the ratio of the
distances among the fulcrum 104, the force point 102,
and the action point 112.

In FIG. 14, the blades 125a, 125b, 126a, 126b of
a flying object are constlfuted by using two sets of
the basic.arrangements 111 each identical to that shown
in FIG. 13. FIG. l4(a) is a front view, and FIG. 14(b)
is“a plan view. Referring to FIG. 14, rotary.disks
121 and 122 are coupled to the rotary shafts of the
motors'(not showh) and driven by thém. Rotar? mofions
of the disk 121 is transmitted to blades 125a, 125b
and those of the disk 122 to blades 126a, 126b, |
respectivély. Gears are formed at’the.périphery of the
disks 121 and 122 so_that the disks 121 and 122 are
meshed with each oﬁher to drive the .blades 125a, 125b in
synchronism with the blades 126a, 1zéb. These blades
are serving as lever members through movable fulcrum -
regulators 123 and 124, and conve;ted into flapping.
The disks 121.and 122 may be driven_cther_than the

motors such as a rubber string. 1In such a case, one
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end of the rubbe:-string_may be hooked to the hook

127. _

FIG. 15 shows a structure in which 6he end.of a
lever ﬁember 133 is coupled ﬁo the pgripheral poftion of
é rotary.body 131 thrbugh a pin 132: 'in this case, the
lever ﬁember 133 is used as the arm of é crane using a
movable fulcrum 135. A balance weight 134 is provided
at the rear ena of the leVer member 133 so that the
lever memberl133 can smoothly move aslﬁhe crane.

In an embodiment of FIGS. 16 and.17; a support
shaft 143 is inclinedly méunted to-fhe rotatinélshaft of
a motor 141 through a mountihg member 142, a rotatable
rollef 145 actiﬁg as a MOving fulcrum'is.mounted midway
along the support shaft 143, and thé roller 145 is
sandwiched by'two.parallel guide plates i46 and 147

functioning as a moving fulcrum regulator. with this

"arrangement, the support shaft 143 fbrms a rotational

trace forming a circuiar cone having the roller 145 as
the vertex.l Hehce, when a triéngular plate 148 is
mounted to this support shaft 143, the plate 148 can be
operéted as the propeiier of a boat. |

FIG. 18 shows an example in which a humanoid foot

is constituted by using-three sets of the basic arrange-

ments 111A, 111B énd 11C each identical to that shown in
FIG. 13. More specifically, the distal end of a lever

member 103A of the basic arrangement 111A is fixed to a

- case 109B of the basic arrangement 111B, and fhe distal
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end of a lever.membef 103B of the basic arrangement 111B
is fixed to a case 109C of the basic arrangement 111C.
Whén disks 100A to 100C of the bésic‘arrangements 111A
to 111C are driven by motors (not shown), the respective
iever members 103A to 103C are swung to perform fhe
movéﬁeht 6f the humanoid foot in which the lever member
103A acts as alfemoral region, the lever member 103B as
a leg and the lever member 103C as a foot.

FIG. 19 shows an'example in which a humanoid arm is
constitutediby ﬁsing three sgts of the basic arrange-
ments llia, 111B and 11C each identical to that shown in
FIG. 13. More specifically, the distal end of a lever
member 103A.of the basic arranéement 111A is fixed to a
case 109§ of a basic arrangement 111B, and the distal
end of a lever member 103B of the basic arrangement 111B
is fixed to a case 109C of a basi¢ arrangement 111C.
When disks 100A to 100C of the basic arrangements 111A
to 111C are driven by motors 100a, 100B and 100C, the
respective lever members 103A to 103C are swung to
perform the movement of the humanoid arm in which the

lever member 103A acts as an upper'arm, the lever member

- 103B as an armiand the lever member 103C as a hand.

FIG. 20 shows still another embodiment of the
present invention which is constituted as, e.g., the
balancer of a robot. 'FIG. 20(a) is a side view, and
FIG. 20(b) is-a plan view. 1In this embodiment as well,

two sets of the basic arrangements 111A and 11B each
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identical to that shown in FIG. 13 are used. The distal
end of a'iever member 103A of the first basic arrange-
ment 111A is fixed to the distal end of an fixed arm
151, projecting ffom the rear portion of a cése 109B of
fhe seCond basic arrangement 111B, at-an angle of 90°.

A columnar weight 152 is mounted to the distal end of a
lever member 103B of a second basic-érrangement 111B.
Accordingly, the pivot direction of the lever member
103A of the first baSic.arrangement 111A and that of the
lever member 103B of the second basié arraﬁgemént 111B
form an angle of 90°. As a reéult, if this balancer is
mounted to, e.g., a robot which walks with two feet and
the lever members 103A and 103B of the basic arrange-
ments 111A and 111B are pivoted in accordance with the
output from the attitude sensor of-the robot by dri?ing,
the lever members 103A and 103B by means of the motors

100A and 100B, respectively, a very fine attitude

-contfol operation can be performed.

The_embodiment of FIG. 5 shows a case wherein the

reciprocal motion of the piston 25 is output from the

crankshaft 32 as the rotational motion-by means of the
lever member 28. However, according to the gist of the
present invention, it is possible to convert the
reciprocal motion of the piston 25 into a plurality of
rdtatidnal motions and output from a. plurality of crank-
shafts simultanéously by means of a plurality of lever

members.
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FIG. 21 shows an embodiment for outputting a
plurality of rotatlonal motions from one rec1procal

piston movement. In the figure, a circularly cut

'portion 25AA is formed at a substantial middle portion

of a piston 25A. At each one end of,fOur lever members
28A, 28B, 28C and 28D acting as a force point is

provided with rollers 26A,'263, 26C and 26D are mounted

rotatably by means of pins and the rollers 26A-26D are

engaged between the end faces 25Aa and 25Ab of the
circular cut portion 25AA.

Rollers 28Aa, 28Ba, 28Ca and 28Da are mounted

-

rotatably at inner fulcrum portions of the lever members

28A, 28B, 28C and 28D. These rollers 28Aa-28Da are
rotatably supported between pairs of guide plates 28ca,
28dA; 28cB, 28dB 28¢C, 284C; and 28cD, 28dD actihg as
fulcrum regulators. '

The end portions of the lever members 28AF28D act-
ing as action points are rotatably engaged to crank arms
30A, 30B, 30C and 30D. |

Accordingly, when the piston 25A is reciprocally
driven in the cylinder 20, four synchronously rotational
outputs can be obtalned simultaneously.

FIG. 22 shows a four- cyllndered radial engine
accordlng to still another embodiment of the present

invention. In the figure, first and second common

'cylindrioal'cylinders'lal and 162 are so arranged that

the axis of the cylinders 161 and 162 are parallel with
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each other.' Both Ends.of the cylinders 161 and 162 are
closed by head covefs_163, 164, 165.a#d i663 Two valves
167a, 167b are mounted.through the head cover 163. In
the similar manner, valves lsea; 168b, 1693, iGQb, 170a
and 170b afe mounted thréugh the head covers 164, 165
and 166. |

| First and_secbnd piston membéfs 171 and 172 are
provided in the;cylinder 161 and are connected with each

other by a connecting member 173. Two guide plates 174

~and 175 are provided between the piston members 171 and

172 so that a rolle.r 176 &an be moved -.freely between the
guide plates 174 and 175 in the direction hormal to the
axial direction of the cylinder 161. Recesses 17l1a and
172a aré formed in the piston_members'171 and-172 to
decrease the weight thereof, and the open ends of the
recesses 171 and 172 are closed by piston plates 177 and
178 so that combustion chambers 179 ané 180 are formed
between head covers 163, 164 and piston élates 174, 175.
Sealing members_or piston rings 181 are provided for

séaling the combustion chambers 179, 180 at the gaps

between the piston members 171, 172 and the cylinder

l6l.

| Inlthe.simila: manner, first and.second'piston
members 185 aﬁa:lés are provided in the cylinder 162 and
are éonnected'with each other by_a-connecting hember

187. Two guide plates 188 and 189 are provided between

‘the piston members 185 and 186 so that a roller 190 can
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be moved ffeely between the guide plates 188 and.189 in
the direction norﬁal to the axial direction of the
cylinder 162. Recesses 19la and 192a are formed in the
piston members 185 and 186 to decrease the weight
thereof, and the open ends of the rééesses 185 and 186
are closed by piston plates 192 and 193 so that combus-
tion chambers i94 and 195 are formed between head covers
165, 166 and piSton.plates 192, 193. Sealing members
196 are provided for sealing the combustion chambers
194, 195 in the similar manner as in the cylinder 161.
CYiinders 161 and 162 are fixed to a frame 200 so

.

that the cylinders 1si and 162 are parallel with each

‘other to have a center rod 201 of a crankshaft 202 being

in a direction normal to the axes of the cylinders 161
and 162.
The roller 176 is rotatably mounted to one end of a

lever member 203 through a pin 204. The lever member

- 203 is supported by a movable fulcrum 204 constituted by

a supportlng roller 204a through a pin 204b between
guide plates 204c, 204d functioning as a moving fulcrum
regulator for movably supporting the lever member 203 in

the longituainal direction thereof. The other end of

" the lever member 203 is coupled to a power receiving

pdrtion of the crankshaft 202 rotatably. In the similar
manner, the roller 190 is rotatably mounted to one end

of a lever member 205 through a pin 206. The lever

- member 205 is supported by a movable fulcrum 207
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' constituted by a supporting roller 207a through a pin

207b between guide plates 207c, 2074 of a:moving fulcrum
regulator for movably supporting the lever:member 205 in
the:lohgitudinal direCtlon thereof;_ The other end of
the lever member 205 is coupled to a power receiving
portion of the crankshaft 202 rotatably,_

When a spark or.ignition plug (not shown).is
energized in the combustion_chamber 179, the fuel-air
mixture or the oombuetion gas ihtroduced ihto the
chamber 179 through the valve 167a, for example, is
fired to push the piston members 171 and 172 toward the
head ‘cover 164 so as to compress the combustion gas
introduced into the chamber 180 through the 1nlet valve

168a, for example. At the same time, combustlon gas is

~introduced into the chamber 194 and the combust gas is

exhausted from the chamber 195 through the exhaust valve

. 170b, for example.

When the plston member 171 is pushed toward the
chamber 180, the roller 176 guided between the plates
174 and 175 is also moved,ln the same direction and the
lever member 203 is_swung in the counterclockwise direc{
tion around the bin*204b of the roller 204a while the )
roller 204a is gulded between the plate 204c and 2044 in
the longltudlnal direction of the lever member 203,
thereby rotatlng the crankshaft 202 in the clockw1se
direction about the center rod 201. - |

As a result of this operation,.the plston member
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171 goes to its lower dead point and the piston member
172 goes to its ﬁpper dead point where the introduced
combustion gas is compressed in the chamber 180. When
the compressed combustion gés is fired in the chamber
180 by an ignition plug (not shown), the piston member
172 is pushed toward the head cover 163 to rotate the
lever member 203 in the clockwise direction about the
movable fulcrum 204 to further rotate the crankshaft 202
in the clockwise direction as shown by an arrow A. |

Thus, so—Callea explosion steps occur in the
chambers 179, 180, 194 and 195 in the order mentioned:
and so-called four-cycle‘steps, i.e., inlet, compres-
sion, explosion and exhaust steps are performed at each
of the chambers 179, 180, 194 and 195 to rotate the
crankshaft 202 continuously.

According to the embodiment of FIG. 22, it is
possible to form é four-cylinder engine usihg two
cylinders 161 and 162, thereby enabling to reduce.the
size, weight and volume of the reciprocating engine.

Further, since the piston motion is transmitted to
the crankshaft using the movable fulcrum type lever
member 203, no side thrust of the-piéton members 171,
172, 185 and 186 with respect to the'inner wall of the
éjlinders 161 and 162 occur, thereby transmitting the
motion of the piston members vefy smoothly to decrease
the energy loss. Accordinély, it is possible to |

decrease the idling speed from 1000 rpm tolso rpm; for
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example. 'Further,-sinée the lever members 203 and 205
can be formed to have the same length with each other,
it is possible to design the distance_from the axis of
the éylindér 161 to the center of the crankshaft rod 201
to-be equal to that between the axis of the éylindér 162
and the center of the rod 201 so as to minimize the
vibration of the four-cycle reciprocating engine.

— Further, since no side thrust occurs at the piston
members 171, 172, 185 and 186 with respect to the inner
wall of the cylinders 161 and 162, it is possible to
form the piston members a; ceramic pisténs, thereby
reducing the weight of the piston members as well as the.
total weight of the engine. |

FIG. 23 shows a radial engine with 8 cylinders
embodied in accordance with the present invention
wherein two sets of the four—cyliqdered engine as shown
in FIG. 22 are combined to form the 8-cylindered recip-
rocating engine. The 8-cylindered engine of FIG. 23 can
be formed using four cylinders 161, 162, 261 and 262.
The cylinders 161 and 162 have the same structure as
thoée shown in FIG. 22. Therefore, explanations of ﬁhe
structure with respect to the-cylinders 161 and 162> as

well as those of the cylinders 361 and 362 can be

-omitted here except for the fact that the lever members

203 and 205 are connected to one crankshaft arm 202a and
the lever members 403 and 405 are connected to another

crankshaft arm 202b apart from the arm 202a by
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180 degrees with ;espéct to the center of the crankshaft
rod 201. - |

Now, 6perations of the e-cylinaefed reciprocating
engine will 5e described. In FIG. 23, the piston member
i?l is positioned at its lower'dead point as a result of
the explbsion step in the coﬁbustion chamber 179 in the
cylinder 161. In the same.time, the piston member 185
is also positioned at its lower dead point as a result

of the explosion step in the combustion chamber 194 in

the cylinder 162. At this time, the chambers 180 and

195 are in.the'last stage’of the compression stroke,
while, pistbn members 371, 372, 385 and 386 are at the
mid position in the cylinders 361 and 362, respectively.
Whén the compfessed fuel gas in the chambers 180 and
195 is ignited'by ighition plﬁgs (not shown),.the lever
members 203 and 205 are swung in the clockwise and
counterclbckwise_direbfions, respectively, to rotate the
crankshaft rod'éol in the direétion shown by the arrow
A. Accordingly, the lever membefs 403 and 405 rotate in
the clockwise and counterclockwise directions,
respectiﬁeiy, thereby compressing the fuel gas in the
chémbers 380 and 395 and the fuel gaé is_inlef into the
chambe?s 379 and 394, respectively. |
Achrding'to_the present embodiment of FIG. 23, éll
the leQer members 203, 205,'403 and 405 can be made -
identically so that whole structure of the 8-cylindered

ehgine can be formed symmetrically with respect to the
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crankshaft center rod 201, thereby further canceling the
vibration in the engine. | ' 

- As has beén'déSCribgd abovelin detail, according to
the embodiments'using inner movable fulcrum type lever
hembers, an apparatus for mutual qonVerSion between
circular motidn"and reciprocal motioh can be provided,
which can decrease an energy loss when cdnverting the
reciprocal motion of, e.g., the.piSt§n_of é_four-cycle
reciprdcating énginé into rotary motion of the | |
crankshaft, and which can be reduéed in weight by using
a ceramic as the maﬁerial’to form the épparatus.

The present inVenﬁion can also be embodied using an

outer movable fulcrum type 1¢Ver member. The following -

.émbodiments are those using the outer movable fulcrum

type lever member.
FIG. 24 is a cross-section showing the entire

structure. of étill another embodiment of the preéent

- invention. This embodiment is a four-cycle engine

having a structure in which a cdlﬁmnar piston 212 is
provided in a cylinder 211 plaéed in a hb;izontally
position, and verfically opposing wall sﬁrfaces 213 and
214 are formed in a notch.portion in a ceﬁtral.posit;on
of the piston 212. Cylinder.heads ZilA and 211B are

respectively providéd at both ends of the cylinder’le,

‘and the cylinder 2li is equipped with an ignition plug

and intake and exhausﬁ'vaives which are not_shown in the

figure. Piston'rings not showq are provided at both
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- peripheral ends of the piston 212, thereby to ensure

sealing between the inner Wall of the cylinder and the
piston. | ;

A rotation roller 217 is inserted between the
Qertically opposite wall eurfaces 213 and 214 and the
roller 217 has a diameter substantially equal to the
distance between the wall surfaces 213 and 214. The
roller 217 is rotatably supported by an upper end of a
lever member 218 which functions as a force point of
this member projecting downwardly from between the wall
surfaces. The wall surfeces 213 and 214 function as a
force point regulator fo£ retaining the force point of
the lever member 218 by the roller 217 such that the
force point can freely osc1llate in the clockwise and
counterclockwise directions.

The cylinder 211 is supported at its lower portion
by a pair of support frames 215 aod 216. Guide plates
219 and- 220 are mounted on internally opposing wall
surfaces 215 and 216 of these'support'frames 215 and 216
with spaoers 215a end 216a inserted therebetween. A
rotation.roller'221 rotatably supported at a lower end
of the leue:'member 218 ie insefted.between the guide
plates 219 and 220. The lower end of the lever member
218 functions as a fulcrum and is supported between the
gu1de plates 219 and 220 such that the fulcrum can
freely moves'in the lengthwise direction of the -lever

member 218. Therefore,.this fulcrum is referred to as
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'a movable fulcrum and the guide plates 219 and 220 are

referred to as movable fulcrum regUléfors.

A mid-point of the lever member 218 is'fotétably
connected as an action point'with a crankshaft 222.
Therefore, when the upper end 6f'£he levér.member.218 is
driven.in the right and the lefﬁ, fhe leyer member 218
is rotated around the center of the_foller 221 as an
outer fulcrﬁm in the ciockwise'énd coﬁnterclockwise
directions.’ In this state, the rollers 217 and 221
respectively guide the leveflhemberIZle in the length-
wise direction thereof between the suffaces 213 and 214
and between the guide'plates'219 and 220 as the crank-
shaft 222 rotates. Aé é result of this, the upper end
of the lever member 218 is oscillatéd by reciprocal
linear motion of the piston 212 through the'roller 217,

and this reciprocal motion is converted by the crank-

‘shaft 222 into rotation motion with excellent

smdothnéss.

Specifiéélly;.a side thrust to be genérated between
the piston 212 and the inner wall of the cylinder 211 by
the reciprocal mqtidn of the piston 212 in the right and
left is absorbed by rotation of each'bf the roller 217
and 221, and mechanical losses are eXirémely low.

In an engine according to this embodiment, it is

possible to maintain stable rotation at a lower speed of

| iOOrpm'or lower, while the crankshaft 222 need not be

equipped wiﬁh a counter balance or a flywhéel.
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Therefore, energy losses are not involved during accel-

‘eration or deceleration if the engine is mounted on a

car, and the axial output efficiency is thus remarkably
improved

FIGS. 25, 26, and 27 respectively show loc1 of the
rotation_center 217c of the rotation roller 217 as a
force point of the.lever member 218, the rotation center
221c of the rotation roller 221 as a fulcrum, and a con-
nection point 222c of the-crankshaft 222 as an action
point, in thelembodiment'of FIG. 24. FIGS. 25 and 27
show examples-in which the-ratio of the.distance_between
the-fulcrum 221c and the force point 217c to the dis-
tance between the fulcrum 221c and the action point 222c
is 2:1. FIG. 26.shoms an example in which the ratio.of
the distance between the fulcrum 221c and the force
point_217c'to the distance between the fulcrum 221c and
the action point 222c is 4:1. As seen from these views,
the action point 222c moves tracing an absolute circle
in accordance with an oblate circular movement of the
force point 217;, while_the.movable fulcrum 221c
achieves linear reciprocal motion along the lengthwise
dlrection of the lever member 218

FIG. 28 is a graph in which a solid line shows a
relationship between the piston displacement and the
engine rotation. angle, in the embodiment shown in
FIG. 24. This relationship forms an absolute or 1deal

sine curve. Therefore, the piston is in an ideal piton
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position at an ignition.point durihg the combustion
pfpcesé from 0 to 180°, so that ignifion is obtained
with a cbmbustibn gas being'sufficientiy'compreSsed,
thereby generating a maximum combustion pressure. On
the other hand, a rapid displacement of thé piston 212
is prevented during the expansion process_from 180°, so
that the combustion pressure is transmitted to.the.
piston ZIé.with the highest efficiency and is effi-
ciently convérted into a mechanical energy. This state
is indicated by a continuous line in fIG.l29. This
figure apparently shows that the maximﬁm combustion
preséure is genérated since ignition ié obtained with a
combustion gas beinglsﬁfficiently compréséed in the
present invention. - |

Next,'specific explanation will be made to phases

‘in which the piSton 212 of the embodiment shown in

FIG. 24'm6ves with displacements forming an absolute
sine cufvé, with reference to FIG. 31.

FIG. 31 helps énalyzation of operations of the pis{
ton 212, lever memberlzis, and the crankshéft 222 shown
in FIG. 24. .In ?IG, 31, X denotes aldisplacement in the
lengthwise direction of ﬁhe lever member, y denotes a

displacement within the cylinder 211 of the pistoh 212,

L1 denotes distance between the action point 222c and

the rotation center 221c of the rotation roller 21 as an

'movéble fulcrum of thé'lever member 218, L2 denotes a

distance between the force point 217¢c and the the action
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point 222c connected with the crankéhéft 222, r denotes
a rotationﬁradips.of the crankshaft 222, a denotes an
angle between the lever member 218 and the crankshaft
222, and @ denotes . a rotation angle of the crankshaft
222. |

More specifically, the displacement y of the piston
212 of the embodiment shown.in FIG. 24 is expressed by
the following equation: |

y = Llsina - _ eee (2)
Here, the following equati¢n~exists£

| rsiné = (Ll“- L2)sina

Therefore, the following ;s obtained.

sina = r(Ll —.tz)sine e (3)
The equation (2) is substituted into the equation (3) as
follows: |

y = L1{r/(L1 - bZ)}sine

The displacement of the piston 212 is accordingly
expressed as follows: _

y = (L1/(Ll - L2))rsine | e (4)

As is-appargnt fr§m the equation (4), this equation
is expressed only by linear terms of 6,_ana therefore,
forms an absolute sine curve as indicated by the solid
line in FIG. 28. Thus, the displacement of the piéton
212 is an ideal one so that a heat energy generated
withiﬁ'the cylinder 211 is efficiently extracted there~
from in form ef a mechanical energy. Furthermore, if

another:engine which have the same structure as shows in
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FIG. 24 is connected to the crankshaft 222 with a phase
difference of 180°, and two pistons are driven and
displaced with the phase difference of 180°, maintained,
both the vibrations generated by the pistons cancel each
other and the engines can thus constitute a noiseless
engine unit. |

FIG. 32 is a table comparing the engine character-
istics of 2000 CC of four-cylinder engines in each of
which a lever member having an outer movable fulcrums
constituted by application of the present invention is
used as a power transmission mec?anism from the piston
to the crankshaft, with the engine chéracteristics of an
eﬁgine using a conventibnal connecting rod and those of
an éngine using; as a power transmission mechénism, a
lever member having an internal mo&able fulcrum accord-
ing to the present invention. Note that data in the

table are characteristics under condition where each

engine has a St:oke of 86 mm and a bore diameter of 86 mm
~and is operated at 3000 rpm. To simplify the following

"explanation, the engines with the above lever mechanisms

members will be referred to as an internal movable
fulcrum Z;mechanism-engine and.outer movable fulcrum 2Z-
mechanism engines.

As is apparent from FIG. 32,'an_output loss due to
side thrusts of pistons in a-cogventional engine reaches
about 19% of the ocutput power .shown in the figﬁre, while

that of the 1nternal movable fulcrum Z-engine is about
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8.6% which is reduced to about half of the output loss

‘of the conventional engine. 1In the outer movable

fulcrum Z-engine according'to.the présent_invention, the
output loss is remarkably low, i.e., 2.7%. The |
Qindicated power output" means a workload decided by
subtracting an exhaust losS and a heat loss from a
combustion output. 1In the inner and outer movable
fulc#ﬁm Z-engines of the pfesent‘invention, since the
displacement of the force point by which the piston is
driven to move is small while the piston is moving, the
moment.by which the pistqp is rotated is small and the
friction coefficient is shall so that the side thrust is
reduced to be extremely small. |

As is also apparent from the top column of FiG.'32,
the indicated power output of the conventional engine is
Smaller than those of the internal and outer movable
fulcrum Z-mechanical engines, because of "a late raise

and an early fall" of the piston which has been

. explained beforehand.

A side.thrust workload means a balance between
feSpective pistons, and is obtained by fi;stly a side
thrust force by integration from 0 to 720°, and by
then multiplying the side thrust force by a friction
coefficient. Conditions are determined as follows:

Friction coeffiéientsﬁ .
conventional engine ...;.;.,......... 0.366

internal movable fulcrﬁh z-engihe +.. 0.340
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outer movablé fulcrum Z-engine ...... 0.166

The friction coefficients are determined on the

j-basis.of.a mechanical engineering handbook. Alfhough

. these friction coefficients vary depending on surface

bressures of pistons, the abbve.éoéfficienfs are deter-
mined since a pistqn normally presses a cylinder with an
average pressufe of about 30.2 kg/ém2 in a cdnvéntional
éngine, with an average pressure of.about 18.9 kg/cm2

in an internal movable fulcrum Z-engine, and with an

average pressure of about_7.1 kg/cm2 in an outer mova-

-,

ble fulcrum Z-engine.
Also, a conventional engine causes a loss of total

2% or so due to use of a flywheel and a counter-weight

~ as has been explained beforehand, while an engine using

a movable fulcrum lever member as a moving power trans-
mission meéhanism.involves no loss. :

In a conventional engine, an ihdicated workload is
normally said to be about 38% of the totai heat genera-
tion workload of a fqel. This is evaluatéa as 80.17PS
ffom calculétion. An.effective ﬁofk;oad (i.e., an axial
workload) is obtained by Subtracting a mechanical loss
from the indicated workioad. Where the workload due to
a side thrust is estimated to be 85% of a mechanical
loss, the méchaniéal loss is 17.25PS. This mechanical
loss is subt{actéd from the indicated workload, thereby
obtaining an effective workloéd_of 62.7PS from -

calculation. Calculation is made supposing that the .
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mechanical loss of an outer movable fulcrum zZ-mechanism
engine excluding é side thrust workload is equal tb that
of a conventional engine.

A side thrust loss output (J) is eSpecially
remarkable in FIG. 32. This outpﬁt is 66.0 in the
present invention which is apparently reduced by 15% iﬁ
comparison with a conventional engine. 1In comparison
with an internal movable fulcrum Z-mechanism engine
acéording to the preceding invention, the side thrust
output.loss is reduced to about 1/3.l Although various
attempté have been made t? reduce side thrusts in the

history of developments of engines, none of those

attempts reaches a remarkable reduction as in the

. present invention.

As a result, output increasing ratios of effective
outputs are 1.17 in the in#ernal movabie_fulcrum zZ-
mechanism engine using a lever member according to the
preceding invention and 1.23'in the 6uter movable |
fulcrum z-mechanism enéine using a lever member having
an outer movable fulcrum of the present invention, with
respect to the effective output of a conventional engine
as a reference of 1.00. Thus, the embodiment using the
outer movable fulcrum achieves an increase of 23%
compared wiﬁh,a_conventional engine.

Further, the weight of an outer movable fulcrum 2z-
mechanism engine according to the present invention is

estimated as 111.8 kgf, where this engine is a 2000 cc
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four-cylinder engine. On the other hand, a conventional
engine has a weight of 149.0 kgf. 'Theréfore, the weight
is reduced by'33.0%. The engihe of the present inven-
tion has a schematic size of 685.0 mm x 610.0 mm x

615.0 mh’which is much more compact than that of the

conventional engine of 450 mm x 550.0 mm x 420.0 mm.

The outer movable fulcrum Z-mechanism engine
according to the present invention attains én output
(per weight) of 1.47 PS/kgf at a rotation speed of
6500 rpm, while the conventional engine aftains an
output (per weight) pf only 0.97 PS/kgf at a rotation
speed of 6500 rpm.

In addition, the apparétus.according to the embodi-
ment shown in FIG. 24 15 a reversible engine, and can be
used as a pump for compressing and feeding a liquid or a
gas if an electric motor not shown is connected with the
crankshaft 222 so as to rotate and drive this crankshaft
thereby reciprocally moving the pistbn.212 within the
cyiinder 211. |

In this case, a side thrust generated in accordance

with reciprocal motion of the piston 212 is absorbed as

rotations of rollers 217 and 221, and these components

cause extremely low mechanical losses. _

- FIGS. 33, 34, and 35 are views schematically
showing the'structure of an embbdiment-in which the"
pfesent invention is'adopted-tc a tﬁo-cycle engine, and

are cross-sections in a front view; a top view, and
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a side view, respectively. in FIGS. 33 to 35, an inlet
port 231 and an outlet port 232 are provided at an upper
portion of a cylinder 230 of a two-cycle engine. A
cylinder head 233 is provided at a top end of the
cylinder 230. The inlet port 230 is connected to a
carburetor 231a secured to an engine block 241 through a
crank chamber 241A'forﬁed in the engine block 241.
Lubrication oil is supplied to a piston 234 and a lever
member 238 together with petrol, by injecting a mixed
gas of petrol and lubrication oil from the carburetor
231a. ’ |

A piston 234 is inserted in the oylinder 230. This
piston 234 is provided with a notch portion 236 in which

guide walls 235a and 235b are formed so as to extend in

‘a direction perpendicular to the center axis of the

piston 234. A rotation roller 237 is inserted between
the guide walls 235a and 235b in a direction perpendicu-
lar to the center axis of the piston 234 such that the
rotation roller 237 is rotatable, and this rotation
roller 237 is rotatably secured to a force point 239 of
the lever.member 238. These guide walls 235a and 235b
together with the rotation roller 237 function as a
movable force point regulator._

Another end of the lever member 238 is a movable
fulcrum 240 to which a rotation shaft of a rotation

roller 243 is secured, and the rotation roller 243 is

rotatably inserted between guide plates 242a and 242b
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fixed to the engine block 241. These guide plates 242a
and 242b together'with the rotation roller 243 function
as a movable fulcrum regulator.

A pin 244 used as an action point is fixed between

 the force point 239 and the support point 240 of the

lever membér 238. The pin 244 is engaged with an eccen-
tric disc 246 which' has a'crank hole formed to be
deviated from'a'rotation main shaft 245.

The piston'234 is provided in a cylinder.230 and
moves up.and-down along the inner wall of the cylinder
230. A ring ié prOVided-on a circumference of the _
piston 234, thereby to ensuré'sealing with_respect to
fuel gas énd oil. |

In the embodiment shown in FIGS. 33 to 35, the
lever member 238 is supported by an outer movable
fulcrum regulafbr having the same structure as in the
embodiﬁent shown 1in FIG. 24, and the action point of the
lever.membér 238 is rbtatably connected to the crank
hole of the eccentric disc 246 by the pin 244.

More:specifically, in the two-cycle engine of this

embodimént, when a mixed gas taken in and compressed by

the carburetor 231a is ignited by an ignition plug not
shown in the vicinity of a top dead point in the intake
and compression process, the fired mixed gas expands _
thereby preésihg down the piston 234. This motion of
the piston 234 is transmitted through the roller 237 to

a lever member 238 having an outer movable fulcrum, and
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is fhen tranémittgd through the pin 244 to the eccentric
disc 246 which coﬁverts the reciprocal motion into
rotary motion and transmits the motion to the rotatidn
main shaft 245.

- In the embodiment of FIGS. 33 to 35, when the

piston 234 is pressed against the inner wall of the
cylinder 230 by an expansion pressure, the piston 234

~does not generate a thrust force to the cylinder 230,

which will otherwise be caused by a reaction from the
leQef member 238, since the piston 234 and the lever
member 238 are connected with each other by the movable
force point regulator coﬂ;isting of the guide walls 235a
and 235b and the rotation roller 237. As a result, an

energy. loss caused by a side thrust is greatly reduced

- in comparison with a conventional engine. In the same

way, the movable fulcrum of the lever member 238 is
supported by the guide plates 242a and 242b and the

rotation roller 243 which are combined together to

‘operate as a movable fulcrum regulator. Therefore,

reciprbcal motion of the piston 234 is converted into
rotary motion with less losses.

~ In this case, since the piston 234 is not pressed
against the cylinder 230 with a strong pressure, the
main part of the piston 234 may be formed of ceramics.
Further, since the side thrust is small, energy losses
are reduced so that the idling'speed can be set to |

50 rpm or less which leads to advantages in view of fuel
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consumption.

If a reciprocating engine can thus be formed of
ceramics, the cylihder 230 can bé set to a value two or
three times higher than a conventioﬁal engine. Although
it is known that a conventional reciprocating_engine

attains only a heat efficiency of 20%, this embodiment

can lead to a great reduction in mechanical loss. For

example, supposihg that a me;hanical loss is recovered
by 10%, a high heat:efficiency of 50% or more can be
aﬁtained if the remaining heat loss of ?O%Iis reduced to
one third, i.e., 10% plus‘70/3%-plus 20%.

FIGS. 36, 37, and 38 show an embodiment which uses
a cylinder 230 and a piston 234 common to the embodiment
of FIGS. 33 to 35 and is provided with lever members
238A and 238B with the piston 234 being inserted
therebetween. Therefore, those components of FIGS. 36
to 38 which correspond to the components of embodiment
shown in FIGS. 33 to 35 are referred to by common refer-
énce numerals, and explanation of those components Qill
be omitted or only briefly made in the following.

In the embodiment showﬁ in FIGS. 36 to 38, one or
both of the rotation main shafts 245A and 245B are
rotated so that, for example, the piston 234 moves in
the cylinder 230 to the vicinity of the top end shown in

the figure whereby a mixed gas is compressed. 1In this

'state, when the mixed gas is ignited. by an ignition plug

not shown, the piston is pressed in the downward
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direction in the figures and the lever members 238A and
238B are respectively rotated in the clockwise and
counter clockwise directions by the rstation rollers
237A and 237B of force point regulators, with components
242aA, 242bA, and 243A as well as components 242aB,
242bB, and 243B being positioned as movable fulcrums.
The cdmpohents 242aA, 242bA and 243A constitute a
movable fulcrum:regulator while the components 24éaB,
242bB and 243B also conétitute another movable fulcrum
regulator. As.the lever members 2382 and 238B are
rotated in the directiong.as stated above, the rotation
main shafts 245A and 245B are respectively rotated in
the counterclockwise and clockwise directions by pins
244A and 244B. As a result, the piston 23& moves in the
cylinder 230 to the vicinity of the bottom end in the
figures, whéreby exhausting process is completed and a
primary compression of an intake gas is.simultaneously
carried out in the crank chamber 241A. While this
process is repeatedly performed, the two-cycle engine
comes to maintain continuous rotation by itself without

help of a starter mdtor. 'Consequently, two outputs in

form of rotation in opﬁbsite directions can be obtained
'simultaneouSly through fwo rotation main shafts 245A and

' 245B, from one single cylindér 230 and one Single piston

234.
- FIG. 39 shows an embodiment of a four-cycle engine

of a horizontal coaxial type in which cylinder heads
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251A and ZSIB are respectively provided at both ends of

one cylinder 250.placed in a horizontél position such
that the heéds 251A and 251B féce each other, and in
which one single.piton 252 is driven ﬁo reciprocafe
between the éylindér heads 251A.ana 251B. In FIG. 39,
£wo fotation foliers 254A and_2$4§_are inserted between
a pair of guide plates 253A and 2533 p?ovidéd ih the
piston 252 which is inserted in the cY;inderlzso. These
roilers 254a énd_254§ are respectiveiy secured to the
ends of lever meﬁbers 256A and 256B which function as
force points. .. : |

The lever.member 256A has another énd which is sup-
ported by a movable fulcrum regulatof_cohsistiné of a
rotation follér 258A inserted betweeh a pair of guide

members 257A and of a pin 259A connecting the lever

member and the roller. The lever member 256A is con-

nected at its mid-point with a crankshaft 261A by a pin

2604,

The lever member 256B has another end which is sup-
ported by a movable fulcrum regulator consisting of a

rotation roller 258B inserted between a pair of guide

- members 2S7B and of a pin 260B connecting the lever

member and the roller. The lever membef 256B is con-
nected at'its.mid-point with a crankshaft 261B by a.§in
260B. _ . -

The cfénk;hafts 261A and 261b connected to the

lever members 256A and'zssb contaiped in the crank -
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chamber 269 are éonnected with a camshaft, for example,
through a belt and a roller not shown, thereby to drive
a cam installed on the camshaft. Th{s cam drives intake
valves 262A and 262B as well as exhaust valves 263A ;nd
263B provided on the cylinder heads 251A and 251B,
respectively, at predetermined timings, thefeby to
achieve four prodesses of a four-cycle engine, i.e.,
expansion, exhausting, intake, and compression. As a
result, horizontal synchronized reverSe rotation twin
outputs are obtained ffom the crankshafts 261A and 261B,
as indicated by arrows in FIG. 39.

The engine shown in fIG. 39 iS basically the same
as that shown in FIG. 33, ahd therefore, explanation to
operation of the engine of FiG. 39 will be 6mitted here.
However, the engine of FIG. 39 can be rotated at a
higher speed if a structﬁre_similar ﬁo the lever members
256A and 256B respectively provided betwgen the piston

252 and the crankshafts 261A and 261B is used as drive

mechanisms for intake valves 262A and 262B as well as

the exhaust valves 263A and 263B.

FIG. 40 shows an embodiment héving a structure
which is substantially the same as that of the embodi-
ment shown in FIG. 39. However, the embodiment of |
FIG. 40 adopts a lay-out which is much more suitable for
practical production and is also more compact than.that
of FIG. 39. Further, the embodiment of FIG. 40 differs
from that of FIG. 39 in that FIG. 40 reveals ignition
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plugs 264A and 26;BI(not shown in FIG. 39), that cams
265A, 266A, 265B and 266B for driving valves are
included; and that exhaust ports 267A and 267B as well
as intake pofts 268A and 268B are specifically
illustrated."$he othef.components of FIG. 40 ﬁill be

referred to by'the.same references as those in FIG. 39,

and explanation thereof will be omitted here.

FIGS. 41 and 42 show an embodiment in which the
baéic structure of the embodiment shown in FIG. 24 is

used in two sets thereby to extraCt outputs from two

' pistons combined by one single crankshaft. Those

components of FIGS. 41 and 42 which correspond to the
compcﬁénts of FIG. 24 are referred to by the éame or
similar reference numerals. _

In FIG. 41, two cylinders‘leAfénd 211B having an
equal inner diameter and extending in tbe horizontal
directién are formed in a cylinder block 272 surrounded

by heat radiating fins 271. FIG. 42 is a view cut along

‘line 42-42 of FIG. 41 showing an engine including a

cylinder 211A having a structure correspondihg to that
of FIG. 24. The other cylinder 211B also has the same
structure..

‘A piston 212A is inserted in the cylinder 211A, and
a pair of roller guide plates 213A and 214A are provided
in an openiné pﬁrtion”273 open in a cenfer portion of
the piétbn.212A toward a downward direction, such that

the plates 213A and 214A are fixed to the body of the
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piston 212A by, screws with a predetermihed distance
maintained between the pletes. A rotation roller 217A
is inserted between the roller guide blates 213A and
214A, and the roller 217A is rotatably_installed on a
force point of a lever member by a'pin 217cA. A roller
221A is installed.on a pin 221cA which serves as a
fulcrum for the lever member 218A. The roller 221A is
retained between a pair of guide plates 213%A and 220A
installed on the cylinder block 272 such that the plates
project into the crank chamber 274 formed in a lower |

portion of the eylinder block 272. The roller 221A and

‘the pair of guide plates 219A and 220A constitute a

movable fulcrum regulator.

A round hole 222cA which functions as an action
point is formed in a mid—poinﬁ of the lever member 218A,
and a crank pin 275A of a crankshaft 275 is engaged in
the action éoint hole 222cA. Another crank pin 275B is
also.fofmed on the crankshaft 275, and is engaged in an
action point hole 222cB formed in a lever member 218B
provided in conjunction with another cylinder 211B.

The crankshaft 275 penetrates through walis ef the
cylinder block 272 which are facing each other and form-
ing the crank_chamber.274_and is thereby supported. A
projecting shaft of the crankshaft is:used_as a rotation
main shaft 277 for extracting an output and another
projecting'shaft thereof is connected to a camshaft not

shown and a drive gear 282 of a starter motor through
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a belt 279_and_a.pulley 280 as connectihg components,
thereby to drive a cam-instailéd on the camshaft. This
cam drives intake and éxhaust valves.provided on the
cylindér_head at predetermined timings,'thefeby to
prosecute.four processes of a four-cycle engine, i.e.,
expansion, exhausting, intake( an@ cémpression.

FIG. 43 is a pérspective view schematically showing
an embodiment which uses two basic structures each
correspohding to the basic structure shown in FIG. 40 to
obtain three rotation outputs. Thérefpre, those
compqnents which are common to thdse'of FIG. 40 are

referred to by'the same reference numerals and detailed

‘explanation of those components will be omitted in the

following. _

In this.figure, a twin coaxial piston 2527 is
inserted in a first cylinder 250A,'ana the output of the
piston 252A is extracted from lever members 256Bl and
256A1 through two movable fofce point rollers 254Bl1 and
25421, A fulcrum at another énd of the lever'member
256Bl1 is supported by_a pair of guide plates 257B1 and a
roller 258B1 which constitute a movable fulcrum
regulator, such that this fulcrum can freely move
between the gﬁidé plates 25881.. Therefore,.the rotation
torque of the lever mémber 25681 is-converted'into
rotation of a crankshaft 260Bl1, and is extracted as a
first rotation.output indicated by anlarfow.

A fulcrum at another end of the lever member 256Al
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is supported by a pair of guide plates 257A1 and a
roller 258A1 which constitute a movable fulcrum
regulator, such that this fulcrum caﬁ freely move
between the guide plates 257A1. Therefore, the rotation
forque of the lever member 256Al1 is converted into
rotation of é crankshaft 260Al, and is extracted as.a
second rotation output in the direction opposite to the
first rotation, indicated by another arrow.

Another twin coaxial piston 252B is inserted in a
second cylindef 250A, and the output of the piston 252B
is extracted from lever members 256B2 and 256A2 through
two movable force pdint rollers 25432 and 254A2. Note

that the twin coaxial pistons 252A and 252B have driving

' phases opposite to each other and are driven such that,

fore example, when the piston 252A is at a top dead
point, the piston 252B is at a bottom dead point. A
support pqint at another'ehd of the lever member 256B2
is suppbrtéd by a pair of guide plates 257B2 and a
roller 258B2 which constitute a movable fulcrum
regulator, such that this fulcrﬁm can freely move.

Therefore, the rotation torque of the lever member 256B2

~ is converted into_fotation of a crankshaft 260B2. Since

this crankshaft 260B2 is formed to be integral'with the

_crénkshaft 260A1 such that these two crankshaft main-

tains a phase difference of 180°, outputs from these
two crankshafts are extracted and united together as the

second rotation output'indicated by the arrow.
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A fulcrum at another end of the lever member 256A2
is supported by a pair of guide plates 257A2 and a
roller 258A2 which constitute a movable fulcrum
regulator such that this fulcrum can freely oscillate.
Therefore, the rotation torque of the lever member 256A2
is converted into rotation of a crankshaft 260A2, and is
extracted as a third rotation output indicated by
another arrow of the same direction asuthe arrow of the
first rotation output. | |

.The above embodiments are examples in which recip-
rocal motion of a piston is transmitted to a crank
device through a lever device of a movable outer fulcrum
type and is then extracted as a rotary motion from an
action point at a mid-point of the lever member. If the
lever member of this'lever device is_ertended from the
position of the movable outer fulcrum_and_a movable
action point‘regulator consisting of a pair of guide
plates and a roller is formed on the_top_end of the
extended lever member such that for example,.a piston
of a pump is rec1procated by the action point regulator;
mechanical outputs of two different types can be
extracted from one engine.

FIG. 44 is a view schematically showing the
structure of anuexample of such an engine as stated
above. _Reciprocal motion of a piston 291 inserted in a
cylinder 290 hauing_the.same.structure:as in FIG. 24 is

transmitted to a lever member 293 through a force point
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regulator consist;ng of guide plates 291A and 291B and.a
roller 292, and is then cbnverted.into rotary motion of
a crankshaft 295 connectea-to an action point 294.
Another end of the lever member 293 is supported by a
hovable fulcrum regulator consisting of a pair of guide
plates 296A and 296B and a roller 2§7.' This end of the

lever member 293 is furthef_extended, and a roller 298

is rotatably secured to the extended end of the lever

member 293. This roller 298 is inserted between a guide

plates 299A and 299B, thereby functioning as an action

point regulator. The paif'of guide plates 299A and 299B

are formed to be integral with each other and are used
as a piston which reciprocates within a cylinder 300.
This structure therefore can be used as a pump, for
ekample.

In this structure, reciprocal motion of the piston
291 is trénsmitted to a crank device 295 through the
lever device 293 of a movable outer fulcrum type and is
then extracted as rotary motion from the support point
294 at a mid-point of the lever member 293. Further, a
movable action point regulator cbnsisting~of a pair of
guide plates and a rolléer is formed on the extended top
end of the lever member such that a piston of a pump is
reciprocaﬁed by the action point regulator. Therefore,
mechanical outputs of two different types can be
extracﬁed from one engine.

In the embodiment of FIG. 41, reciprocal motion of
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two pistons_respecfively inserted in two cyiinders
arranged in parallel with each other'is transmit£ed
through lever_devices of a movable outer fﬁlcrum,type to
crank pins which have different rotation phases and are
éonnected with one single crankshaft, thereby to extract
one single oufput. ~ However, twolcylinders may be

arranged apaft.f:om each other and one single output may

be extracted from between the cylinders in a manner

different from the embodiment of FIG. 41.

FIG. 45 shows an example of such a different

_ mahner. Piston 303 and 304 inserted in two cylinders

301 and 302 have a pair of guide plates 305 and 305 and

a pair of guide plates 306A and 306B, respectively. A
roller 307 is inserted between the guide plates 305A and
305B, and this roller 307 is rotatably secured to a
force ppint of a first lever member 308. A roller 309
is inserted between the guide platesl306A and 306B, and
this roller 309 is rqtatably secured to a force point of
a second lever.member 310.

Rollers 311 and 312 are respectively secured to

support points of other ends of the lever_members 308

- and 310. These rollers 311 and 312 .are respectively

inserted between a pair of guide plates 313A and 313B

and between a pair of guide plates 314A and 314B,:and

'are thereby supported.

In FIG. 45, when the pistons 303 and 304 are

presséd downwardly in the cylinders 301 and 302 by
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expansion of a combustion gas, the motion of these
pistons are transﬁitted to the lever members through
movable force poin£ regulators consiéting of guide
plates 305A, 3058,'306A, and 306B and rollers 307 and
309. Since support points of the lever members 308 and
310 ére'respectively supported by movable outer fulcrum
regulators consiSting of the roller 311 and the pair of
guide platés 313A and 313B as well as the pair of guide
plates 314A and 314B, linear motion of the pistons 303
and 304 are smoothly converted into rotary motion of a
crank pin 316 of a crank;?éft 315.

All of the above embﬁdiments relate to an apparatus
for conversion between rotary motion and linear recipro-
cal motion. The present invention, however, may apply
to an apparatus for directly Converting rotary motion
into a reciprocal motion of a lever member, as explained
in the following embodiment.

FIG. 46 Shows an example of the apparatus. In this
figure, rotation shafts 320 and 321 are'respectively'
connected to an electric motor through power transmis-
sion mechanisms not shown and are thereby driven to

rotate. The rotation shafts 320 and 321 have ends

. rotatably connected by arms 322 and 323 to lever members

324 and 325 at positions apart by a predetermined dis-
tance from ends of these lever members. Other ends of
the rotation shafts 320 and 321 are rotatably connected

through arms to lever members 326 and 327 at positions
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apart by a_p:edetérmined distance from ends of these
lever members. :

Rollers 328 and 329 are rotatabiy secured at ends
of the lever members 324 and 325, thereby to constitute
hovable fulcrums. The roller 328 is rotatably and
movably supported between two parallel guide plates 330A
and 330B, while the roller 329 iémfotafably and movably
supported between two parallel guide'plates 331A and
331B. All of these components are Qontainéd_in a casing
332 of a rectangular parallelepiped except for Ievé:
members 324 and 325.. Com;onents relévant_fo the other
lever members 326 and 327 are aISO'coﬁtaipéd in the
casing 332. In addition, the lever members 324, 325,
326, and 327'are,formed like a flying object, e.g.,
wings of a'dragopfly. _. '

In this structure, when rotation shafts 320 and 321

are rotated by supplying a power to an electric motor

‘not shown, the lever members 324 and 325 are recipro-

cally rotated around the axes of the rollers 328 and 329
shafts .as centers of rotatiohs. Since.the rollers 328
and 329 are rotatably and movably supported between the
guide plates 330A and 330B as well as 331A and 331ﬁ,
rotations of the rotation shafts 320 and 321 are
smoothly conQerted_into reciprbcal motion of the lever
members 324 and 325. The angle of'the reciprocal rota-
tion of the lever members can be chénged in accordance

with a distance between from the force points to the



WO 9525914 | - ~ PCT/IP9S/0384

10

- 69 -

- movable fulcrum rollers 328 and 329 as well as the sizes

of arms 322 and 323, so that the angle of flapping

motion of wings 324 and 325 as the levef members can be

changed. The other pair of wings 326 and 27 can be
driven in the same manner.
As has been described above, according to the

present invention, it is possible to proﬁide an appara-

~tus for conversion between rotary motion and reciprocal

motion which enables reduction in energy losses when
reciprocal motion of a piston of a two- or four-cycle
engine, fbr:example, is converted into rotary motion,
reduction in size and/or weight of the engine, and
further reducﬁion in weight by forming the engine with

ceramics.
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CLAIMS

1. 2an apparatus for mutual conversion between

_circular motion and reciproéal'motidn, comprising:

a lever'member'having'a fulcrum as well as an

_ action point{and_a force point one of which is rotatably

mounted at a point én a line connecting_a rotational
center andla'cirCumference of a rotary body,'thé actidn
point or force point being provided'with a first |
regulator and the fulcrum being provided with a second
regulator for functioning the fulcrum as a mﬁvaSie
fulcrum, _'.”" - |

wherein the'first regulaﬁor'is.ébupled'to-a
reéiprotating'body, and the first and'second regulators
include supporf members for supporting one of the force
point or action point and the fulcrumltb be movable in a
longitudinal direétion of the lever_meﬁber.

2. An apparatus for mutual conversion between
cirCUla£ motion and reciprocal motidn,-comprising:

a rotary body;

a lever member having a fulcrum as well as an
action poipt and a force point one of which is rotatably
mounted at a point on a line connecting a rotational
center and a circumference of the rotary body,'One of
the action point and the force point being provided with
a first regulator and the_fulcrum'beiné provided with a

second regulator for functioning the fulcrum as a

AR

movable fulcrum; and
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‘a reciprocating body to which one of the action

point and the force point provided with the first
regulator is coupled;

- wherein the first and second regulators include

support members for supporting one of the force and

action points and the fulcrum to -be movable in a longi-

 tudinal direction of the.leverlmember.

3. An apparatus for mutual conversion between

circular motion and reciprocal motion, comprising:
| a rotary body: _ |

a lever member having a fulcrum as well as a force
p01nt and an actlon point which is rotatably mounted at
a point on a llne connecting a rotational center and a-
circumference of_a rotary body, the force point being
provided with a first regulator and the fulcrum being
provided with a second regulator for functioning the
fulcrum as a movable fulcrum; and

a rec1procat1ng motor to whlch the force point
prov1ded w1th the flrst regulator is coupled;

| wherein the first'and second regulators include

sopport members for supporting the force point and the
fulcrum to be movable in a longitudinal directioh of the
lever member. | | |

4. An epparatus for mutual conversion between
circular motion and reciprocal motion, comprising:
o a rotary ‘motor; and

a lever member having a fulcrum as well as a force ’

* c L M N *
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point and an action point which is rotatably mounted at

a point on a line COonecting a rotational center and a
circumference of a rotary motor, the action point being
provided with a first regulator and the fulcrum being
provided with-a second regulator for finctioning the

fulcrum as a movable fulcrum, and the action point

provided with ‘the first regulaﬁor being coupled to a

reciprocating body of a reciprocatedrméohine;
wherein the first and second regulators. include
support members for supporting aoﬁioh poinf and the

fulcrum to be movable in a longitudinal direction of the

- lever member.

5. An apéaratus for mutUél conversion between
circular motion and reciprocal motion, comprising:

a rotarysbody; and | |

a lever momber having a fulc:uh as well as a force
point and an action poiht which is rotatably mounted at
a point-on a line connecting a rotational center and a
ciroumference of the rotary body, the force point being
provided with o first'regulator and the fulcrum.being

provided with a second fegulator'for fuhctioning the

fulcrum as a movable fulcrum;

wherein the force point providéd with the first
regulator is coupled to a piston of a rec1procat1ng
motor, the piston is movably mounted in a cylinder, the
cylinder has inlet and exhaust units of a power gas at

each of two ends thereof, and'the-fifst and second

MR
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regulators have'support members for supporting the force

point and the fulcrum to be movable'ln a2 longitudinal
direction of.the lever member.

6. An apparatus.for mutual conversion between
clrcular motion and reciprocal motlon, comprising:

a rotary body; and

a lever member having a fulcrum as well as a force

point and an action point which is rotatably mounted at

~a point on a line connecting a rotational center and a

circumference of the rotary body, the force point being
provided with a first regulator and the fulcrum being
provided with a second regulator for.functioning the
fulcrum as a movable fulcrum;

whereln the force point prov1ded with the first
regulator is coupled to a piston of a rec1procat1ng
motor, the plston ie movably mounted in a cylinder, the
cylinder nas inlet and exhaust units of a fuel gas and
an ignition unit at each of two ends thereof, and the
first and second regulators have support members for |
supporting'the force point and the fulcrum to be movable
in a longitudinal direction of the lever member.

7. An apparatus according to claim 6, wherein said
inlet and exhaust units have valves for opening/closing
_inlet and exhaust holes of said cylinder, operating arms
coupled to said valves, and driving unlts for driving
said vales through said operating arms, said operatlng

arms have force point regulators coupled to said driving

NHR D FAR
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units, action point regulators coupled to.said‘valves,

and movable fulcrum regulators, and said force point and

~movable fulcrum regulators have support'members for

supporting the force point and the movable fulcrum to be
movable in a longitudinal direction of said operating |
arms.

8. A radial engine including a.plurality of basic

engine units radially arranged around an output axle,

each of the units being prov1ded for mutual conversion

' between Circular motion and reCiprocal motion each of

said basic engine units compriSing

a rotary body connected to the-outputiaxle}

a reciprocating motor including a cylinder’having
first and second end portions each.of which has inlet
andlexhaust units of a fuel gas and an ignition-unit,
and a piston body having two piston menbers inserted in
the cylinder to face with the first and second end
portions; and '

a'lever member having a fulcrum as well as a force
point and an action peoint . which is.rotatably mounted at
a pOint on a line connecting a rotational center and a

circumference of the rotary body, the force pOint being

‘provided with a first regulator and the_fulcrum being

provided with arsecond regulator for functioning the
fulcrum as a movable fulcrum; | |

- wherein the force p01nt provided with the first
regulator. is coupled to said piston body of the

e T T
R ] IIIII i
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reciprocating motor:-the piston body is movably mounted

in said cylinder, and the first and second regulators

have.support members for supporting the force.point and

the fulcrum to be movable in a longitudinal direction of

ﬁhe lever member. | |
9. An apparatus for mutual conversion between

circular motion and reciprocal motion comprising a lever

. member having a first regulator prdvided at an end of

the lever member for functioning as a force point or an
action point, a second regulator provided at ahother end_
of the lever member for functioning as a movable
fulcrum, and é portion. between both of the ends func-
tioning as an action point or a force point rotatably
and axially seéured at a point on a line connecting a
rotation center of a rotary member and a circumference
of the rotary member, wherein

a reciprocal motion member is connected with the
first regulator, and the first and second regulators
have a sup;')o,rt member for movably.s'upporting the force
or action points-and:the movable fulcrum such that the
force or action points and the movable fulerum are
movable in a lengthwiseedirection of the lever member.

10. An apparatus for mutual conversion between
circular motion and_reeiprocal motion comprising:

a rotary member; and |

a lever member having a first regulator provided at

an end of the lever member for_functionlng as a force

; Thls Sheet Has Been Rei
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point or an.a§tion point, a second regulatdr provided at

another end:of the lever member for functioning as a
movable fulcrum, and a portion between both of the ends
functioning-é% an action.point_or a:force point rota-

5 £ab1y and axﬁéily secured at a point on a line connect-
ing a rotatioh center of the rotary member and a
circumference of the rotary member, wherein

the first ahd.second regulators have sﬁpport
members for movably supporting the force or action
10  points andfthe-m0vabi¢ fulcrum such that the force or
action points and the'movaBle fulcrum are movable in a
lengthwise direction of the lever member.
" 11. An apparatus for mutual conversion between
circular motioﬁ and reciprocal motion.compriSing:
15 a rotary member; |
" a lever membér.having a first regulator provided at
an end of the lever member for functioning és a force
point of an action point, a second regulator provided at
another end'ofjthe'lever member for functioning as a
20 movable fulcrum, and a portion between both of the ends:
. functioning as an.action point or a force point
rotatably and axially secured at a point on a line
connecting a rotation centér of the rotary member and a
circumference of the rotary member; and
25 - a reciprocal motor connected with the first

regulator, wherein

" the first and second.regulators have support

is Sheet Has Been RTlaced
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members for movably supporting the force or action
points and,the movable fulcrum such that the force or
actidn points and the movable fulcrum are movable in a
lengthwise direction of the léver member .

| 12. -An,apparatus for mutual conversion between
circular motion éhd reciprocal motion comprising:

a lever member having a first-regulator provided at
an end of the lever member for functioning as.an'action
point, a secgnd_regulator provided at another end of the
lever member for functioning as a movable-fulcrﬁm, and a
portion between both of the ends functioning as a force
point rotatably and axially secured at a point on a line
conhecting é rotation center of a rotary.member'and a
circumferenée-of.the rotary member; and

a rotary motor having an output shaft connected :
with the force point, wherein _

the first regulator is connected with a reciprocal
motion member, and thé first and second regulators have
support members for movably supporting the force or
action points and the movable fulcrum such that the
force or action points and the movable fulcrum are
movable in a lengthwise_diréction of the lever member.

'13. An apparatus for mutual conversion between

circular motion and reciprocal motion comprising a

rotary member and a lever member having a first regula-

tor provided htian end of the lever member for function-

ing as a féfce point, a second regulator provided at

This Sheet Has Been Refiléced :
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another end of the lever member fof’fUnctioning as a
movable fulcrum, and a middle point between both of the
ends functioning as an action poiht rotatably and

axially‘secured on a line connecting a rotation center

- of the rotary member and a circumference of the rotary

member, wherein -
the first regulator is connected with a piston of a
reciprocal motion motor, the piston is movably mounted

in a cylinder, the cylinder has ends respectively

provided with an intake/exhaust device for taking

in/exhausting a power gas, ahd the first and second
regulators have support members for mbvably supporting
the force point and the movable fulcrum such that the
force point and the movable fulcrum are movable in a
lengthwise direction of the lever member.

14. An apparatus for mutual conversion between
circular motion and reciprocal motion cdmprising a
rotary-member and a lever member having a middle.point
for functioning as an action pbint_rotatably and axially
secured on a line cbpnecting a rotation center of the
rotary meﬁber and a circumference of the rotary member,
a first regulator provided at an end of the lever member
for functioning as an action point, and a setohd regula-

tor provided at another end of the leVer member for

~ functioning as a movable fulcrum, wherein

' the-firéf’regulator is-cohnected with a-piston of a

" reciprocal motion membet; the piston is movably mounted
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in a cylinder, the cylinder have ends.respectively
proVided with an intake/exhaust device for téking
in/exhausting a fuel gas and an ignifion device, and the
first and second regulators have support members for
movably suppotting the action point and thé movable
fulcrum such that the action point and the movable
fulcruﬁ are movable in a lengthwise'direction of the
lever member. |

15. An_apparatus for mutual conversion between
circular motion and reciprocal motion, according to
claim 14, wherein the intake/exhaust device comprises
valves for opening/closing inlet and outlet ports of a
cylinder; an action arm connected to theIValves, and a
drive'device for driving the_valves through the action
arm,.the action arm has a force poiht regulator con-
nected to the driving device, an action point regulator
and a movable fulcrum. regulator both connected to the

valves; and the force point regulator and the movable

fulcrum regulator have 5upport'members for movably

supportihg'the force point and the movable fulcrum in a
lengfhWise.direction of the iever member.

16. An apparatus for mutual conversion between
circular motion and recipfocal motion comprising:

- a reciproéal motion motor having a cylinder, a

. piston movably_insérted in the.cylinder, intake and

éxhaust'deviées for taking in and exhausting a fuel gas

provided at both ends of the cylinder, and an ignition

N
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device;

a plurality of lever'members'each'héving a mid-
point functioning as an action point rotatably secured.
on a iine coh@ecting a'rdtatioh center and a circumfer-
ence of each of the'rotary members with each other, a
first regulator prévided at an end of the lever member
for functioniﬁg as a force point, and a second regulator

provided at another end of the lever member for func-

 tioning as a movable fulcrum, wherein

the first regulators are ccnnected to the piston of
the reciprocal motion motor such that the flrst regula-
tors are arranged'symmetrlcal_to each other.

17. Aan apparaﬁus for mutual conversion between
circular motion and reciprocal motion comprising:

first and second reciprocal motion motors each

“having a'cylinder, a piston movably inserted in the

cylinder, intake and exhaust devices for taking in_and
exhausting a fuel gas provided at both ends of the
cylinder, and an ignition device:'. |

first, second, and third rotary members;

first lever member having a mid-point functioning
as an action.pbint rotatably secured on a line connect-
ing a rotation centér and a circumference of the first
rotary member, a first regulatdr provided at an end of

the lever member for functioning as a force point, and a

second regulator provided at another end of the lever
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member for'functioning as a movable fulcrum;

second lever member having a mid-point functioning

‘as an action point rotatably secured on a line connect-

ing a rotation center and a circumference of the second
fotary member, a first regulator provided at an end of
the lever member for functioning as a force point, and a
second regulator provided at another end of the lever
member for functioning as a movable fulcrum; and

third and fourth lever members.each having a
mid-point functioning as aﬁ action point rotatably
secured on a line connecting a rotation center and a
Cifcumferencé-of the £hird rotary member, a first
regulator prbvided at an end of the lever member for
functionihg as a force point, and a second regulator

provided at another end of the lever member for func-

‘tioning as a movable fulcrum, wherein

the first regulators of the third and fourth lever
members‘are_respecﬁively connected to the pistons of the
first and second reciprocal motion motors such that the

first regulators'are arranged symmetrical to each other,

~ that the first regulators of the first and second lever

members are respectively connected to the pistons df the
first and second_recipro;al motion motors, énd that the
first and seéond rotary members are rétated in a reverse.
direction in'synchronization with the third rotary |
member.

lé, .An-apparatus for mutual conversion_between
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Eircula; motion and reciprocal motion comprising:

'a rotary member; and

a lever member having a first regulator provided at
an end of the lever member for functibniﬁg as a force
point, : éecond regulator'brovided;at another end of the
lever rr nber for functibning as a movable fulcrum, and a
middle point*betweén both of the ends functioning as an
action point rotatably and axiéll& secured on a line
connectiﬁg'a rotation.center of thé rotary member and a
circumference, wherein |

the first regulator -is connected with a piston of a

reciprocal motion motor, the piston is movably mounted

..in a cylinder, the chinder-has ends respectively

provided with an intake/exhaust device for taking
in/exhausting é power gés, the first and second regula-
tors have a support member for movably supporting the
force point and the movablé fulcrum such that the force
point and the'movabie fulcrum are m0vable in a length-
wise direction of the lever member, and the lever member
has a third regulator functioning as an actlon point on

a line extended from the end functionlng as the movable

- fulcrum, said ‘third regulator being connected to a

reciprocal motion member of a reciprocal motion motor.
19. An apparatus for mutual conversion between
circular motion and reciprocal motion comprising a

rotary member and a lever member having a first

regulator provided at an end of the lever member for
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functioning as a force pOint, a second regulator pro-

vided at another end of the lever menber for functioning
as a moVable fulcrum, and a middle point between both of
the ends functioning as an action point rotatably and
exially secured on a line connecting a rotation center
of the rotary member and a circumference, wherein

tne first regulator is connected with pistons of
first end second reciprocal motion motors, each of the
pistons are movably inserted in a cylinder, the cylinder
has ends both respectively provided with intake/exhaust
devices for taking in/exneusting a power gas, and that
the first and second regulators have support members for
movably supporting the force point and.the movable
fulcrum such that the force point and the movable
fulcrum are movable in a lengthw1se direction of the
lever member

20. A flying member comprising:

a blurality of lever members, each including por-

~ tions acting as wings of a flying member, each having a

first regulator provided at an end of the lever menber_
for functioning as a movable fulcrum, and each having a
point between the end and another end of the lever
member, for functioning es a force point rotatably -
secured on a line connecting a rotation center of a
rotaty member.and a circumference, said lever members
are arranged Symmetrical with each other; |

a plurality of rotary members having output shafts
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-respecéiQely'connected to the férce_points; and
means for driving'the plurality of rotary member in
synchronization with each other, wherein
the first and'second'regulatorélhave support
5 ﬁembe;s for movably-supportihg the movable fulcrums such
thaﬁ the lever members are movably supported in a
lengthwise direction of the lever members.
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