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RECI PROCAL MOTION'-5.° Technical Field The present invention relates to an

apparatus for mnutual conversion between circular notion and reciprocal
motion which is used for converting reciprocal notion of, e.g., the piston
of a four-cycle reciprocating 10 engiﬁeliﬁto rotary nDtion 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 noves 15 up and down reciprocally.
The piston 342 is.connected withmcrapkghaf o 343 wi § @ connecting rod 344
so that the reciprocal notion of the plston 342 is converted into rotary

.rzrgt | oh I_ n Z!sGongjof at Lg gfl % U%%%L %% &&ggggg ghﬁhggkat ion plate.

5 Technical Field

" The presenﬁ invehtion relates to an apparatus for
mutual éonversidﬁ between circular motion and reciprocal'
motion whiéh is ﬁsed for_cogverting reciprocal motion
of, é.g., fhé piston of a four~cycle'recipfocating

10 engine into roﬁary motion of a crankshaft.
Background Art | |

FIG. 47 shows a schéﬁatié sectional view of a

cylinder part.of a.convéntional four—cycle reciprocating
-engine haVing.a cylinder 341 in which a piston 342 moves

15 upland down reciprocélly The piston 342 is connected
with a crankshaft 343 via a connectlng rod 344 so that
the rec1procal motion of the plston 342 is converted
into rotary motion. In FIG. 47, a reference numeral 345
denotes é heat fadiation plate. |

20 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

25 other by:ﬁsihg the connécting rod'344;' More
speéifiééily? sihce the.feciprocal motion of the piston

342 is nofssmoothly transmitted to the crankshaft 343,



output efficiency of such a four-cycle reciprocating.engine, t he
unavoi dabl e side thrust of the piston 342 is known. This side thrust cannot

be avoi skaglospissyge t he piston 342 and

reci procal -

crankshaft 343, WO 95/ 25914 :
PCT/ JP95/ 00384 2 the side thrust is inctéeased, thus causing an energy | oss.

In this manner, conventionally, the connectlng rod intervenes to convert
the reciprocal notion or linear 5 motion into rotary notion. Wth this

connect ing r g ROURYEhryknGe l{?ér&éé&é’” %&é'é%féﬁr 4 etk _moves,

a four-cycl e reciproca

in, e.g.,

engfl né

bet ween t he Rioxlsdn and the cyllnder
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In this manner, conventionally,'the'COnnecting rod
intervenes to-conVerf the reciprocal metion or linear
notion into rotafy motion. With this connecting rod,
howeVer, since:the'piston oscillatee.as the crank moves,
in, e.g;, a four-cycle recip:ocating "elngine, a side
thrust is generated between the piston:and the cylinder.
Therefore, fhe engine idling speed must be increased to
about 1,000 rpm, causing a problem in fuel consumption
as well. : : - |

The side.thrust causes an energy ioss. Moreover,
the piston must be mede 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
cylindei due to the side thrust. Then, the weight of
piston cannot be decreased by making the piston with,
.e.g., a ceramie. | _

FIG. 28 showéla relationship between_e piston
position in a cylinder of a conventional fnur-eycle
reciprocal engine and'a-rotation angie'of the engine.

In FIG. 28, the sdlid line shows a gfaph deneting an
ideal piston position, while the broken line shows a
graph denoting a piston position of a conventional four-
cycle reciprocating engine As seen from the figure, in

the compression stroke from zero to 180.degrees of the

the crankshaft 343 @cegpssmessad t o each
25 ot her by using the connecting rod 344. Mre specifically, since the
nmotion of the piston 342 is not snoothly transmtted to the-

ust enerated_

N



Therefore, the engine idling speed nust be increased to 10 about 1, 000
rpm causi ryoaspsdvbl em i n fuel consunption as well. The si deCT/iR98M038¢auses
an energy |loss. Mdreover, the piston nust be made of a heavy, strong netal
in order to prevent danage to the piston, e.g., cracking, 15 partia
breaki ng, and the |ike of the piston caused by collision of the piston

agai nst the inner wall of the cylinder die 35 the side thrust. Then, the
wei ght of piston cannot be decreased by nmaking the piston with, e.g., a
ceramc. 20 FIG 28 shows a relationship between a piston position

in a cylinder OfcénGQHEESEéE"EégdeU'ﬁﬁéﬂﬁiéﬁaﬂ Ek%ﬁ%ﬁc%ﬂ%&“%ﬁé“@oﬁp&@%ﬁti0”

angl e of the engine. In FG 28, .the solid |ine“shows a graph denoting an
i deal piston possib@nratdide the Mielkead iwitis tagpezt?to the' apltadepati ng a

pi ston position of a conventional four- cycle reciprocating engine. As seen
fromthe figure, anglé hks choperestsham tHatolef fothemidead pdsten geghicdencf the
Inithe'expansion stroke of 180-360 degrees, the;

5 | 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

10 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 thé'piston face decféases

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

15 early fall of the pistén. 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

20 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. | | : _

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

y .called'eaily £all.of the pistoh are called as a subtrac-

\ _ tion operation of the piston. In order to decrease the



PCT/ JP95/ 00384 3 conventional engine, the piston position or the conpres-

sion rate of the fuel

t hat of W@es2etl piston position. In the expansi on str JRIFPPSAEE4 360

degrees, the 5

of the idea

of the idea

result, the expansion pressure applied to the piston face wll

speed. For exanple, when the ignition point is at 160-degree,
the pressure of the fuel gas in the con entional engine is lower than that

engi ne due to a so- called Tate raise of the piston. As

10

be smal |

conpared with that of the ideal engine. In the expansion stroke, the

pressure of (idteaEtish epesatisAPihed harihe SnGine, fawe sam
than that in the ideal engine.due to a so-called 15 early fall of the

pi st on. As aodeshiould bei madet apo.tsngl astpossmb]aet tiher mmupnrea, gener at ed

by the gas

10
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20

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 plston
342, L denotes the length of the connectlng 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 orankshaft 343 and
the connecting.rod 344, and.e denotes the:rotational
angle of the crankshaft 343. |

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

s=r{1-ooSB)+L(1—cosai

| L-sina=rés1ne

From these equations the foilowing 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 the power of 1/2

25

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

faster

gas Wi.th respect to the rotation angle is l.ower than

expansi on speed of the conbustion gas is faster than that

a



conbustion into nechanical energy with high efficiency. FIG 29 shows a
graph show wp ssi2se4at i onshi p bet ween gas volunme (V) in the egriarsswoossand t he -
gas 20 pressure (mega-Pascal : MPa) as conversion efficiency, when the gas
conmbustion energy is converted into mechan ical energy. In this figure, the
dashed |ine denotes the conversion efficiency of the conventional

reci procal engine. 25 : ‘The so-cal led®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 WO 95/ 25914 '

T o S0554, 453 B By LAgTsbnd TIASSPSHQE g i comect o,
meters in height is ugadthBtG tBE ESnvdedtfdial Gniiwi No pRSFIdORA o he
flywheel and a counter weight for the crankshaft so as
to smoothen the engine rotation. These fiywheel and the
5 - counter welght however, absorb the mechanical energy
generated from the engine 1n the acceleration period.
This absorbed energy is wasted as heat energy durlng the
braking or deceleration period
Dlsclosure of the Invention

10 It.is,“therefore; an object of the present inven-
tion to grOVide an apparatus for mutual conversion
between eircular motion and reciprocal motion that can
decrease anlenergy loss caused when converting the
reciprocal mofion of tne piston of, e.g., a two- or

15 fonrecycle-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. | -

Aecording te an aspect of the present invention,

20 there is provided an apparatus for mﬁtual 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
ofdwhiCh is rotatably mounted at a point on a line con-

25 necting_a rotatidnal center and a circumferenee of the
rotarylbedy,-enelof the action point and the force_point

being proQided with a first regulator and the fulcrum



5 pi ston 342, connecting rod 344 and crankshaft 343 shown in FIG 47,
where s denotes the stroke of the piston 342, L denotes the |ength of the
connect wm9owssh4344, r denotes the radius of the rotati orarupesmesssof t he
crank- shaft 343, [err] denotes an angle between a |ine connecting 10

the piston 342 and the center of the crankshaft 343 and the connecting rod
344, and [err] denotes the rotational angle of the crankshaft 343. The

pi ston stroke s in the conventional engfne is shown by the fol | owi ng
_equations. 15 . [err] [err] Fromthese equatlons the foll ow ng
equation (1) can be obtained. [err] 20-

e sieh FronteLis, a0 RePgtEn, fladedtd HiICeEAE SHLAZ, 1o oo
i ncludi ng thepeowalcelimlad 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*

5 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 . | o - (:

According to another aspect of the present
10 invention, there is provided an apparatus for mutual
conversion between c1rculvar 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 point'on a line connect-
15 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 which.the_force
20 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. |
25 According to further-aspect of the.present
| invention,.there is'provided an apparatus for mutual

conversion between circular motion and reciprocal



25 denoting the rotational angle [err] of the crankshaft 343.

Ther ef ore, wWbhaosesmye shomﬁng the piston . stroke s or the pi SPOVIRISHDISHON
does not represent an ideal sine WO 95/ 25914

PCT/ JP95/ 00384 5 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 snoothen the englng rotation. These flywheel and
the 5 counter weight, however, absorb the nechanical energy generated from
the engine in the acceleration period. This absorbed energy is wasted as

heat ener gy durlrnad&% béélifpf‘.&i}f AdeC glotaaly AotRe; ada & JebesUmemBeri e
I nvention 10 therefore, an object of the present inven- tion

to provide an apwmguSafmlmunueds WElerEs @ fmrcee@omrtr @ndaanmatt@bnand
reciprocal notion that can -
-point which is rotatably mounted at a point on a line
connecting a rotational center and a circumference of a
5. 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 rec1procat1ng body of
- 10 a rec1procated machine, wherein the first and second
regulators'include support members for supporting action
point and the fulcrum to he movable in a longitudinal
direction_of the lever member. |
AcCording to still another aspect of the present
15 1nvention there is provided an apparatus for mutual
conversion between Circular motion and reciprocal
motion, comprieing. 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
20 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 pieton of a reciprocating bedy of a motor,
25 the piston is"mbvabiy mounted in a cylinder of the
motor, the cvlinder.has inlet and exhaust units of a

powerhgas_at each of two ends thereof, and the first and



decrease an energy | oss caused when converting the reciprocal notion of the
pi ston of, e.g., a tw- or 15 four-cycle reciprocating engine into the
rotary WRPRSOH the crankshaft and can decrease the weiR§AIIPHF0B%% engi ne’
by formng the piston with a ceramc, for exanple. According to an aspect
of the present invention, 20 there is provided an apparatus for nutual
conversi on between circular notion and éepiprocal notion, conprising: a
rotary body; a | ever nmenber having a fulcrumas well as an action point and
a force point one of which is rotatably nmounted at a point on a line con-
25 necting a rotational center and a circunference of the rotary

body, one of iseeonat &@Eumetat:sanﬂvé heupSs €€ memidrHefary sarppummgmth a
first regulator and the ful crum WO 95/ 25914 -
PCT/JP95/100$&¢ force point and the fulcrum to be movable in a
longitudinal direction of the lever member.
According to still another aspect of the present
5 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 -
- 10 connecting a rotational center and a c1rcumference_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, wherein the force pOint prov1ded with
15 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
20 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
25 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



being provided wth a second regulator for functioning the fulcrumas a
novabl e fulwowsnseend a reci procating body to which one of tPeT/aro506384 poi nt
and the force point provided with the first regulator is coupled; 5
-wherein the first and second regul ators include support nenbers for
supporting one of the force .and action points and the fulcrumto be novabl e
in a longitudinal direction of the | ever “mBnber . Accordi ng to anot her
aspect of the present 10 i nvention, there is provided an apparatus for
mut ual conversi-on between circular notion and reciprocal notion,

conprising: a rojary fpde %.ih%v\%i gﬁ@e*’ciaﬁv%eg?e fuh&T M asong! | as a

force point and an action point IS rota y nounted at a point on a

l'ine connect- lyegulidt®raprevatieanat efBtBeragfidacei theNi&v&NGRember rotary
body, the force p0|nt bei ng provided with a first regulator and. the ful crum

bei ng provi ded wdh fanctdondngegsl ahoosthllathoni support hepofnt cranpeinta
novabl e ful crum and a reciprocating notor to which the force 20 poi nt
provi ded with tthetWeen bokduloft shej endsufrsgtioning as an action point
5 or a force point rotatably and axially secured on a line
- connectlng a rotation center of a rotary member and a
circumference w1th each other, wherein a rec1procal :
zlmotlon member is connected with the first regulator and
‘that the fitst and second members have a support member
10 for movably supporting the force or action peoints and
the oaciilation support point such that the force or
action p01nts and the osc1llatlon support point are
movable 1h a lengthw15e direction of the lever member.
f_Accordlng to still another aspect of the present
15 invention,;there is provided an apparatus for mutual
conversion betWeen circular motion and reciprocal motion
comptising, a totary.member; and a lever member having a
fifst.regulator provided at an end of the lever member
for functioning as a force point or an action point, and
20 . a second,regulator provided at another ehd of the lever
member for funCtionihg as an oscillation support point,
a.point.betweeh'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
25 _rotary member and a clrcumference with each other,

whereln the first ‘and second members have a support

member for movably supporting the force or action points



wherein the first and second regulators include support nmenbers for
supporting the force point and the fulcrumto be novable in a |ongitudinal

di recti% BSJlQe | ever menber. 25 According to i’t"i'bﬂﬁfooﬁﬁpec" of
the present Tnvention, there is provided an apparatus for mnutual conversion
bet ween circular notion and reciprocal WD 95125914

PCT/ JP95/ 00384 notion, conprising: a rotary notor; and a | ever nenber
having a fulcrumas well as a force poixd -and an action point which is
rotatably nounted at a point on a line connecting a rotational center and a
circunference of a 5 rotary notor, the action point being provided with

a first regulator and the ful crum bein rovided\@gﬂ}21seco d regul at or
for functi onPR§ the ?ﬁFE?%ﬂ*%%naSWRRQH# iRt Rk t e EOTSR RS nt

provided with the 108k ogsh 3L SELIG SOUN Aidid A RAY QGat 1 ng body of
movable in a lengthwise direction of the lever member.
According to_still.further éspect of the present
5 invention, there is provided an apparatué fof mutual
convérsion between circular motion and reciprocal motion
comprising: a rotafy member; a lever member having a
first regulator provided at an end__éf the lever member '
for functiphing as a force point or an action.point, a
10 second reguiator provided at anbthef end_of #he lever
member for fﬁnctioning as an oscillation support point,
a point between'both'of the ends functicning as an.
action point or a force point rotatably and éxially.
secured on a line connecting a rotation centér of the
15 rotary member and a circumference with each other; and a
reciprocal MOtor connected_with the first regulator,
wherein the first and second members héve a support
member fbr_mcvably supporting the force ér actioﬁ pointé
and the oscillation support point such that the force or
20 action points and the oscillation support poinﬁ are
movable in a lengthwise direction of_thé lever member.
'.According to still further aspect of the present
invention, there is provided an apparatus for_mutual
conversion between circular motion and réciprocal motion
25 comprising: .a levef 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



10 a reciprocated machine; wherein the first and second regul ators

I ncl ude suppovirssebers for supporting action point and thepdrirosoesss 0 be
novable in a longitudinal direction of the | ever nmenber. According to still
anot her aspect of the present 15 i nvention, there is provided an
apparatus for mutual conversion between circular notion and reciprocal
motion, conprising: a rotary body; and a-l &ker nmenber having a ful crum as
wel | as a force point and an action point connected to the rotary body to
be driven, the 20 force point being provided with a first regulator and

e fulorum bel AU U8R e B8 TBASPILRRMLAEEE, FORGLUBELAGNLIA e
fLrst regulator doaquplien fsanggomtsbe@nef 3 pEShEr B6Bkb0d BOGY GF Endtor,
nI1s nova

25 the pisto nted™in er o e notor, the
cylinder has |n|éﬁdsarfﬂ1r@t|1®hﬁihguast§ %réepﬁwﬁtgﬁﬁté{:aﬁlﬁﬁhaﬁﬂ AXDa ENS

t hereof, and the first and
‘secured on a line connecting a rotation center of a
5 .fotary member and a circumfefence_with each othér; and a
rotary motor 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
10 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. |
15 . According to still another aspect of the present
1nvent10n, there is provided an apparatus for mutual
conversion between circular motion and reciprocal motion
comprising a fotary membér and é lever member having a
first régﬁlétor_p:ovided at an end of the lever member
20 .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 péint, a middle point
. between both of“the ends,funﬁtioningﬁas an action point
rotatably and.axiélly secured on a line connecting é
25 ~ 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



.

WO 95/ 25914 . _ PCT/ JP95/ 00384 8 second
regul at ors have support nenbers for supporting the force point and the
fulcrumto be novable in a |ongitudinal direction of the |ever nenber
Accor diWQ 9385244 || another aspect of the present 5 i ROETR08 t here i s
provi ded an apparatus for mutual conversion between circular notion and
reci procal notion, conprising: a rotary body; and a | ever nenber having a
fulcrumas well as a force point and_aggzaction point which is rotatably
nounted at a point on aline 10 connecting a rotational center and a
circunference of the rotary body, the force point being provided with a
first regulator and the fulcrum being provided with a-second regul ator for
functi oni ng the pistonurmsamoyakdyadnelndedr dam awaelénderhethak ctheoi nt

provided with 15 the first regul ator is.cogpled'to'a pi ston of a
reci procat i iy HRIRL haye gndsok FETREFY 1%BLN: BEOVAAGAcYiFRGRR, the

cylinder hasiﬁé%ﬁé/éﬁﬁéé?ﬁ“ﬂéﬁic%”E%% %Lk?ng in/exhausting a power

gas, and that the first and second members havé a sup-
5 éort member fbr movably supporting the force or action
points and the oscillation support poiﬁt such thaf the

force or action points and the oscillation support point

are movable in a lengthwise direction of the lever ‘
member. '
10 Brief Description of the Invention

"FIG. 1 is a perspect{ve view showing an embédiment
of the present inventioﬂ; _ |
 FIG. 2 is a view showing an example of the loci af
rotating and reciprocating portioné shOWn in FIG. 1;
15 - FIG. 3 is a view_showing another example of the
loci of the rotating and reciprocating poftions shown in
. FIG. 1;- |
FIG. 4 is a schématic sectional”view showing
another embodiment of the present invention;
20 FIG. 5 is a perspective view Showing still another
embodiment of the pfeéent invention;
FIG. 6 shows views representingﬂﬁhe operation '
processes of the embodiment-Shown_in.FIG. 5;
FIG. 7_is a front view showing a concrete embodi-
25 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;



fuel gas and an ignition unit at each of two ends thereof, and the first
and second wogskssors have 20 support nenbers for supporPC'lngslsIoossflorce
point and the fulcrumto be novable in a |longitudinal direction of the

| ever member. According to still further aspect of the present invention,
there is provided an apparatus for nutual 2 conversi on between circul ar
nmotion and reci procal notion conprising & I'evér nenber having a first

regul ator provided at an end of the |ever nenber for functioning WO

95/ 25914 : PCT/ JP95/ 00384 9 as a force

point or an action popf, @ %3&%Pé‘d?t'i%rfaqg‘Ei%teor\rilewwfd%ﬁeabp?%%%g ggd of

the | ever nenber for functioning .as an oscillation support po a p0|nt
bet ween bot h of the emslsd imertt isHowig ias FIG.agt:i on point 5 or a force

point rotatably and axially secured on a line
FIG. 10 is a front view of the apparatus of the .
embodiment shown in FIG. 7;
5l - FIG. 11 is a schematic sectional view showing still
another embodiment of the present invention;
FIG. 12 is a sehematic sectional view showing a
modification of the embodiment shown in FIG. 11;
FIG. 13 is a schematic side view showing still
10 another embediment.of the_present invention;
 FIG. 14 shows schematic views snowing still another
embodiment of the presentzinvention;
FIG. 15 is a schematic side view showing still
another embodiment of the present invention;
15 ' 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
20 another embodiment of the present invention;
~ FIG. 19 is a schematic side view showing still
another embodiment-Of the present invention;
FIG. 20 shows schematic views showing still another
embodiment'qf the present invention;
25 FIG. 21 is a perspective view showing a still
further embodiment of the present invention;

FIG. 22 is a front view showing a still another'



connecting a rotation center of a rotary nmenber and a circunference with
each other, wherein a reciprocal notion nenber is connected with the first
regul ator and that the first and second nenbers have a support nenber 10
for nmovaMP9sEpborting the force or action points and tﬂggggﬁ? i on
support point such that the force or action points and the oscillation
support point are novable in a | engthwi se direction of the |ever nmenber.-
According to still.- another aspect of the,present 15 i nvention, there is
provi ded an apparatus for mutual conversion between circular notion and
reci procal noti-on conprising, a rotary menber; and a | ever nmenber having a .
first regulator provided at an-end of the |ever nmenber for functioning as a
force point esmbodiasritorofpHdhet presen20inveatdenond regul ator provi ded at
anot her end of the | ever nenber for functioning as an oscillation support
poi nt, a poi nt betEkbn Adotits & firvatendews ghowingi Agstilinfusthen point or a
force point rotatably and axially secured on a |line connecting a rotation
center of thembpdimeng; % thepresend An¥eptdRRérence with each ot her,

- FIG. 24 is a side view showing a partial cross-
5 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;

10 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

15 the embodiment shown in FIG. 24; o

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; '_

20 . 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 piéton, a connecting rod, and_a-cranshaft in a con-

25 ventional reciprocating engine; |

FIG. 31 is a diagram showing a pistoﬁ; a moving

fulcrum type lever device, and a crankshaft in the



wherein the first and second nenbers have a support nenber for novably
supporti ng whdses€e or action points WO 95/ 25914 PCT/IP95/00384

PCT/ JP95/ 00384 - 10 - and the oscillation support point such that the force
or action points and the oscillation support point are novable in a -

| engt hwi se direction of the lever nenber. According to still further aspect
of the present 5 i nvention, there is 5r&§iaed an apparatus for nutual
conversion between circular notion and reciprocal notion conprising: a
rotary nenber; a |lever nmenber having a first regulator provided at an end

of the lever rmﬂéﬁﬁodiﬁeﬁﬂHB¥IEI@ n@q4as a force point or an action point, a
10 second regul ator provided at anot her end of the |ever menber for

functioning as an os@1datidnss@ablepaompardangocharbeteesstboshobfat he
ends functioning as an action point or a force point rotatably and aX|aIIy
conventional reciprocating engine, those of an inner
moving fulcrum type Z-mechanism engine, and those of an
5 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

10  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

15 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

20 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
25 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



secured on a line connecting a rotation center of the 15 rotary nenber
and a circunference with each other; and a reciprocal notor connected with
the first regulator, wherein the first and second nenbers have a support
nmenber Wworesasytabl y supporting the force or action poi Nt BCEINSSNE384
oscillation support point such that the force or 20 action points and
the oscillation support point are novable in a | engthwi se direction of the
| ever nmenber. According to still further aspect of the present invention,
there is provided an apparatus for m7t 481 “conversi on between circul ar

nmoti on and reci procal motion 25 conprising:.a |l ever nenber having a
first regulator provided at an end of the | ever nenber for functioning as

erT Spos) obgtl oRfr e ke B e A EE i ng 2 an
-ing to a still further embodiment of the present :
inventioh;. _
FiG 40 is a front view showing a cross-section of
5 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; |
10 . . FIG. 42 is a side view showing a cross-section of

the outer mbvihg fulcrum type Z-mechanism engine accord-
ing fo the embodiment of FIG. 41;
FIG. 43 is a perspective view showing_an outer
moviné fulcrum type Zz-mechanism engine according to a
15 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; |
20 _ 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
25 of a'flying;member constituted with use of an apparatus
fer mutual conversion between circular motion and recip-

rocal motipn;.and



oscillation support point, a point between both of the ends functioning as
a force pomwoosrspmt ably and axially secured on a |ine conn@IiRgsM0384Ht at i on -
center of a5 - rotary nenber and a circunference with each other; ‘and a
rotary notor having an output shaft connected with the force point, wherein
- the first regulator is connected with a recjprocal notion nenber as a -
reci procal notion nenber and that the fiTst’ and second menbers . have a 10
support nenber for novably supporting the force or. action points and the
oscillation support point such that the force or action points and the
oscillation support pegnt 4Qr €sNBVEPLR ddhémdL{HIW SthdW ke td Ubfed-he

| ever nenber. 15 According to still another aspect” of the present

i nvention, t heretiisnaloyedtgravatpngratgsné or nut ual conversion between
circular notion and reciprocal notion conprising a rotary nenber and a

| ever nenber haBest§ Mofier of CapuyingrOwt cvhelclneentidorend of the | ever

menber 20 for functioning as a force point, and a second regul at or
provided at another @he Brefarredvembediments »f fthr-present invention
' 5 will be described in detail with reference to the accom-

panying drawings. -
| FIG. 1 is a perspective view showing the overall
arrangement 6f an embodimen£ of the.present invention.
This'emboaiment hés a lever member 5 whose one end
10 serving as a force point is rotatably mbunted, through a
pin 4, to élPOSition close to the circumference of a
disk 3 mounted-to a rotatlng shaft 2 of a motor 1;
| Thé fulcrum 6a of the lever member 5 is rotatably
suppdrted by a fulcrum régulator 6 so that the fulcrum
15 is mdvable ih_ité iongitudinal direction. The fulcrum
6a is a pin and ié.mounted on the léQer member 5 so as
__to.support a rollér 6b rotatably'tb-the.lever member 5
through'thé pin 6a. The fulcrum regulator 6 is composed
" of the foller 6b and guide plates 6& and 64 for guiding
20 the rolier'éb as well as the iever member 5 to be
movable;ih_the longitudinai directioh of the lever
.member 5. |
An éctién pdinf ;egulator 7.is provided to the
action point 7a at the other end of the lever member 5.
25 The actibh_pbint_regulator 7 has a roller 7b rotatably
 mounted to thé other end of the leQer member 5 through a

pin 7a, and guide plates 7c and 7d for guiding the



tioning as an oscillation support point, a mddle point between both of the
ends functioning as an action point rotatably and axially secured on a |ine
connect wgoses@ta ~ rotation center of the rot ary . menber mAdPossuEL UNT er ence
with each other, wherein the first regulator is con- nected with a piston
of a reciprocal notion notor, that WO 95/ 25914

PCT/ JP95/ 00384 - 12 - the plston IS anany included in a cylinder, that
the cylinder have ends both respectivel ¥8pTovided wi th an intake/ exhaust
device for taking in/exhausting a power gas, and that the first and second
menbers have a sup- 5 port nmenber for novably supportlng the force or

action point $caNgd he SeCkhbltAl FUPPAE! 7808 wett M Vﬁg?tQ&I&{fe O i se
action points and the oscillation support point.are an engt hwi s
direction of gdiaitl g4careenbobble in the longitudinal direction of
the lever member 5.
The action point regulator 7 is fixed to substan-
5 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.a so as to (
seal a gap between the piston 8_and the inner wall of
10 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 respectlve pipes
15 ~ In thlS 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
'counterclockw1se and clockwise directions every half
20 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
25 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



10  Brief Description of the Invention FIG 1 is a perspective view
show ng an vwghgshkogEent of the present invention; FIG 2 is apal/arasee’ssi ng an
exanpl e of the loci of rotating and reciprocating portions shown in FIG 1;
15 FIG 3 is a view show ng anot her exanple of the loci of the
rotating and reci-procating portions shown in FIG 1; FIG 4 is a schemtic
sectional view show ng anot her enbodi nenT &% The present I nvention; 20

FIG 5 is a perspective view showing still another enbodinent of t he
present invention; FIG 6 shows views representing the operation processes

of Lhe, SToodl kR 1" aBa EuChe mbRalybr L RIOOAL |
5 FIG 8 is a pi3hectidM ot ttl?x% apRakamembet ShEleﬂboﬂhéEgﬁlddSOp\latef-l G 7;
' 7c and 74 of the regulator 7.
In this case, when the valves 11a to 114 are opened
5. 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. '

‘10 At tnis time, since the side thrust of the piston 8
toward the inner wall of the cylinder 9 does not appear
due to the regulators 6 and'7, and the side thrust of
the leVer-member 5 toward the guide plates 6c, 64, 7c,
and 7d, which is_eaused at the movable fulcrum 6a and

15 the action point 7a-of_the lever member 5, is absorbed

" as rotation of the rollers 6b and 7b, mechanical losses
at these portions ere very small. |
| .'The apparaﬁus of the embodiment shown in FIG. 1 is
a reversible apparatus. For example, when a high- |

20 pressure'liquid or air is alternately supplied from the
pipes 10a and 1dc to vertically move the plston 8 with
the.high—preSSUre liquid or air, and the reciprocal
‘motion of the piston.8 is transmitted to the disk 3
through the lever member 5 to rotate the disk 3, the

25 notor 1 cen be driven as a pewer generator.

In this ease'as:well; since the side thrust of the

piston 8 toward the inner wall of the cylinder 9 and



U S e

WD 95/ 25914 - PCT/ JP95/ 00384 - 13 -
FIG 9 is a sectlonal side view of the apparatus of t-he enbodi ment shown in

FIG 7, Fl is a front view of the apparatus of the Eﬁhﬂﬂh t shown in.
FIG 7, wgggz”]ig FIG 11 is a schematic sectional vi eis Iovm n@t. |

another enbodi mrent of the present invention; FIG 12 is a schematic
sectional view showing a nodification of the enbodi nrent shown in FIG 11;
FIG 13 is a schematic side view showirpg still 10 anot her enbodi ment of
the present invention; FIG 14 shows schematic views show ng still another
enbodi mrent of the present invention; FIG 15 is a schematic side Vi ew
showi ng stil] another enbodi nent of the present invention; Fl G
16 is a schehbat cofithe vieves MAMbRF §t¢Pwaaﬁoﬁﬁ§rgéﬁﬁédphéﬁ?soﬁcthe present

| nvention; Fééi’ 'llg R Ir-.'lsncijl 7st herLat IhC 1SsI Cv!:eauvsle Wasch%Y'\err-]glovakie fulcrum
6a and the force point 7a of the lever ﬁember 5 by the
reciprocal motion of the piston 8, is absorbed as
5 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 thg loci of the '
pins 4, 6a, ahd,?a in motion which respectively serve as

10 the force point, the fulcrum, and the action point of
the lever member 5 in the embodiment éhowh 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

15 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 cau#ed by the difference in

20 | 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

25 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



anot her enbodi mrent of the present invention; FIG 18 is a schematic side
Vi ew show rgo 9429914 20 anot her enbodi nent of the present pewnosomsd FI G
19 is a schematic si.de view show ng still another enbodi nent of the present

i nvention; FIG 20 shows schematic views showing still another enbodi nment
of the present invention; 25 FIG 21 is a perspective viéew show ng
~a still further enbodi ment of the presenC 2Avention; FIG 22 is a front
~view showi ng a still another WO 95/ 25914 -

PCT/ JP95/ 00384 - 14 - enbodi nent of the present invention; FIG 23 is a

[renturew shonis ol dur ehcethageras obel bhaDqpERteE IENL O
according to a %ﬁidﬂoﬁgﬂfdaﬂ'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
5 éylinder 20.. In the piston 25, a guide groove 25c is
forﬁed bétween a pair of guide plates 25a and 25b
separated.from each other by a predetermined distance in
- a direction perpendicuiar to the moving direction of the
piston 25.

10 A roller 26 having an outer diameter of almost the
same size as the width of the guide groo#e 25c is
inserted in £he guide grégve 25c. The roller 26 is
rbtatably mounted:to one end'or force point of a lever

- member 28 thr§ugh a pin 27. The ﬁlates 25a, 25b and the

15 roller éG function as a force point regulator.

"The leQer member 28 is Supported through a movable
fulcrum regulator 29 whiéh has an arrangement identical
to that5of*the embodiment shown in FIG. 1. The other
eﬁd of fhe.ieVer'member 28 is fotatably coupled to the

20 crénkshéft afm 30 of a craﬁkshaft 32 or the peripheral
portion.of_a fotary disk through a pin. The movable
fﬁlcrum-:egulatpr 29 is constituted by é pin 28a, a

'rollef 28b, and guide plates 28c_andl28d. The guide
plates 28c ana 28d are providea along.the direction of

25 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.



enbodi ment of the present invention; FIG 25 is a view for show ng | oci
expl ai ni ng-an- operation of respective sections of the enbodi nent shown in

FI G 24xwd 9525914 FIG 26 is a view for showi ng | oci exnismosnosss an
operation of respective sections of a nodification of the enbodi mrent shown
in FIG 24; FIG 27 is a view for showi ng | oci explaining an operation of
respective sections of a nodification of 15 t he enbodi nent shown in FIG
24: FIG 28 is a graph showing a rel ati®hship of a piston position and a
rotation angle according to the enbodi nent of FIG 24, conpared with a _
conventional engine; 2 FIG 29 is a graph showing a relationship

0
bet d | iAder_; i he
emboal ment o F1 & SopranCAgRSNES led B e A A%l b bet veen

a piston, a GeAReeli BY BAigANE:an CHRRYSIRIdeds Ehe Uppedb dead! GirRNal
reci procating engi ne; T S '

in the compression stroke of the piston 25, the piston

25 is pushed down.by_explosion of the_fuéi-air mixture.

5 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
10 | 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 ana the
roller 26 sefving as a fo;ce point'regulator and through
15 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
20 a conventional reciprécal engine. Similarly, the
fulcrum 28a of the lever member 28 is supported by the
~movable fulcrum :ggulétor 29, and accofaingly the .
reciprocal motion of the piston 25 is converted iﬁto a
rotary motion with a small mechanical loss.
25 - 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



FIG 31 is a diagram showi ng a piston, a noving fulcrun1type | ever devi ce,
and a crankshaWVe 95as9e WD 95/ 25914 PCT/IPIS/00384
PCT/ JP95/ 00384 15 enbodi nent of FIG 24; FIG 32 is a table conparing
characteristics of a conventional reciprocating engine, those of an inner
nmoving ful crumtype Z-nechani-sm.engi ne, and_thgse of an 5 out er novi ng
ful crumtype Z- mechani sm engi nétof the present invention with each other;
FIG 33 is a front view show ng a cross-section of an outer noving ful crum
type Z-mechani sm engine accord- ing to still another enbodi nent of the
present 10 I nverdf pre.dil,Ga dedamiz.t ogincewthbortidg dheustsisecti on of
t he outer noving ful crumtype Z-nechani.sm engi ne accord- ing to the
enbodi ment of FIG dﬁpreased the energy loss is decreased, and the idling
speed can be decreased to, e.g., 50 rpm or less, leading
to a great advantage in fuel consumption as well.
5 In the embodiment of FIG. 5, two cylinders and two
pistons each identical to that of the embodiment in
FIG. 4 are coaxially'coupled to have a simplified
arrangement thereby further 1mprov1ng the efficiency.
Accordlngly, in FIG. 5, portlons corresponding to those
10  in the arrangement of FIG. 4 are denoted by the same
referenCe numerals, and a detailed description thereof
will be omitted or 51mplif1ed.
Referrlng to FIG. S pairs of inlet pipes 21a and
21b, exhaust pipes 22a and 22b, and ignition plugs 33a
15 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 roller 26 and guide
plates_zsa.and 25Db serving'as a force point regulator
are prev;ded in the piston 25. . The pin 27 is mounted to
20 . 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
regulator_zs, The power receiving portion 30a corre-
'..sponds to the crankshaft arm 30 of the'crankehaft 32 in
25 ©  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



FIG 35 is a side vieM/shomAng a cross-section of 15 t he outer noving
fulcrumt e Z-mechani sm engi ne accord- ing to the embodinent of FIG 33;
FIG WO 9&“f ront view showing a across section of a¥CHHPPIMbving ful crum
type Z-nechani smengi ne accord- ing to a still another enbodi ment of the
present 20 invention; FIG 37 is a top view showi ng a cross-section of
the outer noving ful crumtype Z-nmechagi smengi ne accord- ing to the
enbodi mrent of FIG 36; FIG 38 is a side view showi ng a cross-section of 25
t he outer noving ful crumtype Z-nmechani sm engi ne accord- ing to the
enbodi nent of FIG 36; FIG 39 is a front view showi ng a cross-section of
WO 95/ 2591dnd closed by valves (not shown) at predetPf£mine®85/ 00384 - 16 - an
out er nDV|n? ful crumtype Z- mechani sm engi ne accord- . .
mings. These portions may have the ‘same arrangement
as that of a conventional four—cycle_englne and the
detailed explanations thereof are thus omitted.
5 | 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
10 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
15 - 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
20 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
25 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



ing to a still further enbodi ment of the present invention, FIG 40 is a
front view wbhosussg4a cross-section of 5 a practical fornPCT/IR9590384
enbodi ment of FIG 33; FIG 41 is a front view showing a cross-section of
~an outer novi-ng fulcrumtype Z- nechanisnlengine accord- ing to stil
anot her enbodi nent of the present |nvent|o%§ FIG 42 is a side
vi ew showi ng a cross- section of the outer Vi ng ful crum type Z-mechani sm
engi ne. accord- ing to the enbodinent of FIG 41; FIG 43 is a perspective
vi ew showi ng an outer moving ful crumtype Z-nmechani smengine according to a

15 still furtiertesm@dinremic Ofs | Rehedd RSN 128V 98t meWedFke theé k3ghtvi ew
schematically show ng a structure ‘of an outer nmovi ng ful crumtype

Z- mechani sm engi te enmptdsmgtHE)ﬁuem4aﬂramﬂxﬁune ¢m&ed|Eanthefinhetppepent
i nvention; 20 FIG 45 is a view schematically showi ng a structure
of an outer noviaypf ul TherPishen 25dchaaved dagithe cylinder 20 to come

close to the right end in FIG. 5. When the ignition
5 plug 33b ignites the compressed fuel-air mixture at this
time, the piston 25 is pushed to the left. In this
manner, the crankshaft.32 is'continuously rotated in the
direction shown by an arrow A. o
FIG. G(a) shows the process of a four-cycle engine
10 in which two cylinders having the arrangement as shown in
| FIG. 5 are coupled'to the crankshaft 32, and FIG. 6(b)
‘shows operation steps of’another two cylinders of the
four-cycle engine in which a total of four cylinders
identical to.that employed'in FIG. 5 are arranged to
15 continuously cause four-cycle operation; In this case,
if the four cylinders are arranged'such that an explo—
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 increased thereby realizing a quiet
20 engine having a small v1bration
In this embodiment the piston 25 arranged with a
good balance on the two sides of the pin 27, and ‘the
piston 25 only linearly contacts the guide plates 25a
and.25b of the.lever member.28 corresponding to the
25 conventional connecting rod through the roller 26.
Therefore, ddring each explosion, the piston 25 does not

cause a large side thrust to act on the inner wall of



according to still further enbodinent of the present invention; FIG 46 is
a view schematically show ng a structure 25 of a flying nmenber- ‘
const i t Waeeb28pdh use of an apparatus for nutual conver siPER/IBYOARSIN circul ar
notion and recip- rocal notion; and WO 95125914

PCT/ JP95/ 00384 - 17 - FIG 47 is a view schematically show ng a conven-
tional reciprocating engine. Best Mdde of Carrying Qut the Invention The
preferred enbodi nents ‘of the present 1mfifention 5 will be described in
detail with reference to the accom panying drawings. FIG 1 is a
perspective view showing the overall -arrangenent- of an embodi ment of the

present i nVeEhéoaleHdéreﬁ@Od'K@éErd'ﬁngy | ey é”t’ﬁ!i@i}" 1%#@%%s@aeb9nd
the side thrust becomes small, so that a high-efflciency
reciprocating engine can be constifuted; _Since_a'very
large force dees nnt act on the pisrqn 25 due to.the
5 eide thrust, the piston 25 can be formed-of a ceranic.
When the reciproceting engine ean”be formed by
using a ceramic, the internal temperature of the
cylinder 20 can be increased to twice.to three times (
that of a conventional engine. It is_known that the
10 heet efficiency of the conventional reciprecating engine
is 20%. In'this embodiment, the meenanieél lnss can
also be largely decreased, ‘For exampie; if a 10%
mechanical loss can Be reéovered, aséuﬁing rhat a 70%
remaining heat loss can be decreéeed'to 1/5, a high -
15 efficiency of (10 + 70/3 + 20)%,_i.e., more than 50% can
be obtained. o _ " .
Since the total coefficient of friction from the
piston és'to the crankshaft 32'becomes.very smell, a
smooth movement as a whole can'be-obtained, and the
20 lldllng speed can be reduced to, e.g., 50 rpm or less.
FIGS. 7 to 10 show an embodlment of a horizontal
coaxial four-cycle eng;ne in which a cylinder_hav1ng the
arrangement'of the embodiment of FIG..S.is'piaced
horizontally. Referring to FIG. 7, a roller 43a is
25 fitted in a guide groove 42a formed between gulde plates
42b and 42¢ formed in a piston 4la inserted in a

cylinder 40a and is mounted to one end of a lever member



10 serving as a force point is rotatably nmounted, through a pin 4, to a
position cl »oo9sReshe circunference of a disk 3 nounted to RCTIPINI0BRY shaft
2 of a notor 1. The fulcrum6a of the Iever nenber 5 is rotatably supported
by a fulcrumregulator 6 so that the fulcrum 15 is nmovable in its
“longitudinal direction. The fulcrum®6a is gYpln and is mounted on the

| ever nenber 5 so as to support a roller Gb“fofatably to the | ever nenber 5
t hrough the pin 6a. The fulcrumregulator 6 is conposed of the roller 6b
and guide plates 6¢c and 6d for guiding 20 the roller. 6b as well as the

| ever nenber 5 tqsaetﬁgbagheal ihhgqbongi tudinal direction of the |ever
menber 5. An action point regulator 7 is provided to the action point 7a at
t he other end of the Irheeroltebea3d, Bho guide plrates 42bH And eppd afaym & has

aroller 7b rotatably nounted to the other end of the | ever nenber 5
t hrough a pin 7afozce poids peguibatgr amd ﬁhiefpingtndlangjtsrﬁs a force
point of ‘the lever member 45a.

5 _ The lever member 45a is supported by a p1n 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

10 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

15 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 vélve 55a is provided to one side of the

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

' 56a in a similar manher. As shown in FIG. 8, in addi-
tion to the valve 54b, another valve 555 is provided to
the otherjside of the cylinder 40a. The valve 55b.1is
driven by a lever membér S6b in a similar manner.

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

' 57b, and 58a-and 58b are respe;tiVély proﬁided to the

two sides of the cylinder 40a.
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roller 7b so that the roller 7b as well as the action point 7a are novabl e

in the longitudinal direction of the | ever nenber 5. T ' oi nt
94 fixed to substan- 5 tially the centra c'g%‘%’ 'lg(giﬁpof a

regul at¥¥P?
cylindrical

rings (not shown) are nounted at the peripheral

piston 8, and the piston 8 is inserted in a cylinder 9.

18 -

Pi st on

portions near to the both

end portions of the piston 8 so as te %gal a gap between the piston 8 and
the inner wall of 10 the cylinder 9. Pairs of inlet and exhaust pipes

10a and 10b, and 10c and 10d are nmounted to the two end faces of the

cylinder 9, and opening/closing valves 1lla, 1lb, 1lc, and 11d are provided
to the respecti veF¥ppeh.isim sectional, sdifies viewakgkpenalondefib®he motor 1

is connected to a power, supply and driven, the digk 3_is rotated in, e.qg.,
the directi oPPB¥L rde ez membes @531 showg in FiG. 7. the

10

15

20

25

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 description 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 force.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 fulcrum 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



the | ever nenber 5 repeats pivot notion in the counterclockw se and
cl ockwi se dwo@sessens every hal f 20 turn of the disk 3. PCOIEIO0ESHY,

action point 7a.

di recti on nor nmal
di sk 3. The reci

5is transmtted to the action point regu-

of the-lever nmenber 5 repeats a reciprocal notion in the

t he

toits longitudinal direction along with rotation of the
procal notion of the actLp%dmyrn of the 25 | ever menber

ator 7, and accordingly the

piston 8 perforns |linear reciprocal notion in the cylinder 9. At this

time, the WO

95/ 25914

- PCT/ JP95/ 00394 19trehhefrddly sneps digd €ie hengitaaiaaln diteckansa bidichel
direction of the | ever nenber 5 along the guide plates 7c and 7d of the

léaver cmembemidh, t he val ves 1la to 11d are opened 5 and
cl osed at predetermned timngs as the piston 8

regulator 7. In

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

10

15

20

25

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



moves in -response to the vertical novenent of the |ever nenber 5, a liquid
can be taken fromthe pipes 10a and 10c into the cyli'nder 9 and exhausted

fromt | ob and 10d, respectively. 10 At si nce

t he S|g§mﬁh$§§f of the piston 8 toward the inner wall Fbgﬁgpcfﬁﬁnd

does not appear due to the regulators 6 and 7, and the side thrust of the

| ever nenber 5 toward the guide plates 6¢, 6d, 7c, and 7d, which is caused
at the novable fulcrum 6a and 15 t#mﬁmeilon poi nt 7a of the | ever menber
5, is absorbed as rotation of the rollers 6b and 7b, nmechani cal | osses at
these portions are very small. The apparatus of the enbodinent shown in
FIG 1 is areversible apgaratus For exanpl e, when a high- 20 pressure -

liquid or ai Famg ¥PiEPmat 19 shppis e@lfﬁ%‘?ﬁf%mef’?ﬂ“b@slcmd]arﬂ!‘lfoénto

t |1 t h- | dth
ool o U P L, B ol AT R A B
| ever member geEReESt abf bBeifll 5Xade 4P CcKe tapﬂ@é %0 ]arﬁia”ckg% %r' ven as a

power genera
' gulde groove 78 is formed between a guide plate 78a and

5 an engine body 79. The operation of_th;s mechanlsm is
basically the same as that of FIG. 11.

All of the above embodiments_are related to apparo—
tuses for conversion between rotary motion and linéar "
reciprocal motion. The following embodiments are

ld related to apparatuses for directly converting rotary
motion info reciprocai pi@ot motion of a lever member.

FIG. 13 shows a basic aotuator'arrangement 111 of
such an-apparatus.. Referring to FIG. 13, a rotor arm
101A is coupled to a motor 100 thrbugh.a rotating shaft

15 101 and is driven by it. A lever member 103 is coupled

| to the other end of the rotor orm-101A through a pin
102,. and a movable fulcrum 104 of the lever member 163
.is rotatably supported betweén a pair_of parallel guioe
plates 106 and 107 of a fulcrum regulator through a

20  roller 105. All these oonsfituent elements are housed
in a rectangular case 109, and especiélly the portion of
the motor 100 is sealed 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

25 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



In-this case as well, since the side thrust of the piston 8 toward the

i nner wal | WO9i28914y| i nder 9 and WO 95/ 25914 PCT/JP95/00384

PCT/ JP95/ 00384 - 20 - that of the lever nenber 5 toward the guide plates
6c, 6d, 7c, and 7d, which is caused at the novable ful crum 6a and the force
point 7a of the |lever nmenber 5 by the reC|EgocaI notion of the piston 8, is
absorbed as 5 rotation of the rollers ™® Liid 7b of the regul ators 6 and
7, nechanical |osses at these portions are very small. FIGS. 2 and 3 are
views showing the loci of the pins 4, 6a, and 7a in nmotion which

respectively serygigs 1ﬂccoram%1,0r0aaé)q*dﬂ1ext hed ‘d.'sCVlLi@ea%'l? Ha%eact lon
poi nt of t he | ever menber I n The enbodi nent shown in FIG

specifically, theepweed thefouide pratgs afos Gndu-07 aradmttlrwl,le'&/b& ful crum
pin 6a linearly noves between
member 103 reciprocally rotates about the movable
fulcrum 104 as_the center. By this arrangement, rot;—
5 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,
10 and the action p01nt 112
In FIG. 14, the blades 125a, 125b, 126a, 126b of
a flying object are constltuted 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)
15 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, |
20 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 -
25 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



the guide plates 6¢c and 6d in the longitudinal direction 15 of the |ever
menber 5, and the pin 7a noves between the guide plates 7c and 7d in
responswdgs/2sdi@ reci procal notion of the piston 8 to foprorardsmoiss as shown
in FIG 2 or 3. The difference in locus of the pin 7a between FIGS. 2 and 3
I s caused by the difference in 20 position of the novable ful crum pin

6a. FIG 4 is a view showing the schematic arrangenent of an enbodinent in -
whi ch the present invention is‘appliéﬁz¥%'a.four-cycle engine. An inlet
pi pe 21, an exhaust pipe 22, an inlet valve 23, and an exhaust valve 25

24 are provided at the upper portion of a cylinder 20 of the four-cycle

engi ne. A pi gh@Nof5the Rible st dihd iyt Hd meéotwtmvnoo WO 95/ 25914
PCT/ JP95/ 00384 - 21 - vertically along the inner wall of the cylinder 20.
127.
FIG. 15 shows a structure in which one end of a
lever member 133 is coupled to the peripheral portion of
'5 a rotary body 131 through a pin 132. " In this case, the
lever member 133 is used as the arm of a crane using a
movable fulcrum 135. A balance weight 134 is provided
at the rear end of the leVer member 133 so that the ‘
lever member 133 can smoothly move as'the crane
10 In an embodiment of FIGS. 16 and 17, a support
shaft 143 is inclinedly mounted to the rotating shaft of
a motor 141 through a mounting member 142, a rotatable
roller 145 actlng as a mov1ng fulcrum is mounted midway
along the support shaft 143, and the roller 145 is
15 sandwiched by'two.parallel guide plates l46 and 147
functioning as a moving fulcrum regulator. with this
"arrangement, the support shaftll43 forms a rotational
trace forming a circular cone having the roller 145 as
the vertex Hence when a triangular plate 148 is
20 mounted to this support shaft 143, the plate 148 can be
' operated as the propeller 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 and 11C each identical to that shown in
25 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 the distal |



Al t hough not shown, a piston ring is nounted on the outer circunferential
surface of twomspsaikon 25 to seal the piston 25 with respect pe@iypdsmosganer
wall of the 5 - cylinder 20. 1In the piston 25, a guide groove 25c is
fornmed between a pair of guide plates 25a and 25b separated from each ot her -
"by a predetermined distance in a direction perpendicular tao the noving
direction of the piston 25. 10 AToller 26 having an outer dianeter
of- al nbst the sanme size as the width of the guide groove 25c is inserted in
t he guide groove 25c. The roller 26 is rotatably nounted to one end or

f e point of a g 7.....:he plates 253, and
tﬁ(rac_15p | roll erebgvgéngfggﬁé%éﬁ %ILIP%]?;%%ICF# q:rléegthaﬁig:r .aonrﬁéuqe&?&% r’réﬁ%er

28 i s supported r a f r I r '

arr;ﬁgengﬁt iden??chggg %ﬁg¥a§#§%r&giééégﬁéﬁghgﬁﬁiﬁJ?%%gqg%ééaﬁsﬁﬂ%&'other
end of the |everwHBAb@isRS 160X kGt EddY SPUNLbAAd M réfhgemepitaniighal t arm

30 of a crankshaft 32 or the peripheral portion of a rotary disk through a
pin. The novabl eto 111C are driven by motors (not shown), the respective
5 iever members 103A to 103C are swung to perform fhe :
movéﬁeht 6f the humanoid foot in which the lever member
103A acts as a femoral 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
10 constitutediby ﬁsing three sets 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
15 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
20 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 membgr 103C as a hand.
FIG. 20 shows still another embodiment of the
present invention which is constituted as, e.g., the
25 | 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



fulcrumregul ator 29 is constituted by a pin 28a, a rol

er 28b, and guide

pl ates 28c and 28d. The guide plates 28c and 28d are provi ded al ong the
direction of 25 the reciprocal notion of the piston 25, and the roller

28b is @#,gg, sypported to be novable in the direction of ptfgpsspeispr ocal
; )

notion o € pi ston 25. WD 95/ 25914
PCT/ JP95/ 00384 - 22 - In this enbodi nent, when the fuel -
ignited by an ignition plug 33 near the upper dead point

air mxture is
in the conpression

stroke of the piston 25, the piston 253#s-pushed down by expl osi on of the

_ fuel-air mxture. 5 This pressure is transmtted to t
“through the roller 26 and the pin 27, is then transmt-

he | ever nenber 28
ted fromthe

crankshalt ar 0,30, L9 e SR Skt s8f S8° §5°01808Lba3? ohe Bgeggbod e

end of a lever 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 case 109B of

5 the 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 arrangement 111B.

Accordingly, the pivot direction of the lever member - ‘ _

103A of the first basic arrangement 111A and

that of the

10 lever member 103B of the second basic arrangement 111B

form an angle of 90°. As a result, 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

15 output from the attitude sensor of the robot by driving

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

20 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

25 rdtatidnal motions and output from a. plurality of crank-

shafts simultanéously by means of a plurality of lever

members.



10 agai nst the inner wall of the cylinder 20 by the pres- sure of the
expl osi on. Wwoesesqthe pi ston 25 and the | ever nenber 28 are ®CUPPIWN0I8d each
ot her through the regul ator conposed of the plates 25a and 25b and the
roller 26 serving as a force point regulator and through 15 t he

regul ator 29 serving as the novable ful crumregulator, the force urging the
piston 25 is fully transmtted to the crankshaft arm 30 and does not
receive any counteraction fromthe | ever nmenber 28, so that the side thrust
is greatly decreased as conpared to 20 a conventional reciprocal engine. .

Simlarly, the fulcrupy@8azpfshdis | Y UmHBIIMINt2EdrS tligd Ry the

novabl e ful crum regul ator 29, and accordingly the recipfocal tion of the

piston 25 i s conpturalitytef arédtiondldimotiols [Frons Bhld reedprdicaal | oss.
25 In this case, since the piston 25 is not urged agai nst the inner

wal | of the cylipiietorOmbyementr gelrf drhee, fitduravnjaorcipautliaaiyotuthe pi st on
25 can be forned _ '
' . portion 25AA is formed at a substantial middle portion
5 6f a piston 25A. At each one end 6f,f0ur 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 bétwéen the end faces 25Aa and 25Ab of the
10 circular cut portion 25AA.

Rollers 28Aa, 28Ba, 28Ca and 28Da are mounted
rotatably at inner fulcrﬁ; portions of the lever members
28A, 28B, 28C and 28D. These rollers 28Aa-28Da are
rotatably supported between pairs of guide plates 28ca,

15 28dA; 28cB, 28dB; 28cC, 284C; and 28cD, 28dD actihg as
fulcrum:regulators. 1 '

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

_20 Accordingly, when the piston 25A is reciprocally
| driven in the_cylindef 20, four synchronously rotational
outputs can be obtained simultaheously.
| FIG. 22 shows a four-cyiindered radial engine
accordiné td still énother embodiment of the present
25 invention. in the figure, first and sécond common
'cylindriéal'cylinders'lél and 162 are so arranged that

the axis of the cylinders 161 and 162 are parallel with



WO 95/ 25914 _ - PCT/ JP95/ 00384 23 of,
e.g., a ceramc. Since the side thrust is decreased, the energy loss is .

decr_ea%ggwfggg‘ the idling speed can ‘be decreased to, e.mcT/IP98)0a3gam or | ess,
| eading 10 @ great advantage in fuel consunption as well. 5 In the
enbodi mrent of FIG 5, two cylinders and two pistons each identical to that
of the enbodinent in FIG 4 are coaxially coupled to have a sinplified
arrangenent, thereby further inproving3éhe efficiency. Accordingly, in FIG
5, portions corresponding to those 10 in the arrangement of FIG 4 are
denoted by the sanme reference nunerals, and a detail ed description thereof

o e O, e S s SR8 K0 e 80 £ ety P s
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roller 26 angfyi 4%7p are mounted through the head cover 163. In
the similar manner, valves lsea; 168b, 1693, iGQb, 170a
5 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. TQQ guide plates 174 |
10 and 175 are provided between the piSton'members 171 and
172 so that a rlolle.r 1'}6 ¢an be movéé -.free_ly lbe_tween 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
15 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
20 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
25  are éonnectedvﬁith each other by_a-connecting hember
187. Two guide plates 188 and 189 are providéd between

‘the piston members 185 and 186 so that a roller 190 can



pl ates 25a and 25b serving as a force point regulator are provided in the
pi ston 25. wdbs2sin 27 is nounted to 20 one end of a | eVRGT/TROFHPAIR4 23
‘and the lever nenber 28 is rotatably coupled to a crankshaft armor a power
_receiv- ing portion 30a of a crankshaft 32 through a fulcrumregul ator 29.
The power receiving portion .30a corre- sgog?s_to the crankshaft arm 30 of
the crankshaft 32 in 25 t he enbodi nent of FIG 4. In the enbodi nent of
FIG 5, the inlet pipes 21a and 21b, and the exhaust pipes 22a and 22b are
opened WO 95/ 25914 : PCT/ JP95/ 00384

- 24 - "and cl osesk owed \Fredliobetitewn) tak puedet platesdlssnangsiseg These
portions may have the sane arrangenent as that of a conventional four-cycle

engi ne and the dgieidiakctdipnamarmals tbhéheobxand Ghnecbiont ef. the
Assune that. the crankshaft 32 is rotated by a .
cylinder 162. Recesses 191a and 192a are formed in the
piston members 185 and 186 to decrease the weight
5 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
10 194, 195 in the similar manner as in the cylinder 161.
CYiinders 161 and 162 are fixed to a frame 200 so
thét the cylinders 1si aﬂé 162 are parallel with each
‘other fd have a center rod 201 of a crankshaft 202 being
in a direction no;mai to the axes of the cylinders 161
15 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 supporting roller 204a through a pin 204b between
20 guide piates.204c,‘204d functioning as a moving fulcrum
regulator for'ﬁovabiy supporting the lever member 203 in
the longituainal direction.thereof; The other end of
" the levér'member.203 is coupled to a power receiving
pdftidn of the crankshaft 202 rotatably. In the similar
25 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



starter notor (not shown), that, e.g., the piston 25 is noved in the
cylinder 20 to cone close to the left end in FIG 5, and that the fuel-air

nixtureﬁkﬁmﬁgﬁpreSSed at this tine:'v%en the fuel-air nbgrungmmanignited by
10 . the i1gnition plug 33a, the piston 25 is pushed to the right in FIG

5, and the lever nenber 28 is rotated in the clockw se direction through
the pin 27 as well as the force point regulator. Wen the | ever nenber 28
is rotated about the fulcrum pin 28a Tl3fckw se, the 15 crankshaft 32 is
rotated in the counterclockwi se direction. As a result, the piston 25 is
noved in the cylinder 20 to conme close to the right end in FIG -5, and then

exipl of on { 2KBUSHTHIESY D% S PUPBRA R, Ml 1e ] 207e cheghTSl HRC 11 A0

crankshaf t 3§Pa,g ggg,,-,e%glné@m YpI ¥ efh7dh ey 7R X R fhvaig Fdgrimace in

the second cylinder, the piston 25 in FIG 5 is noved to the left to
exhaust the psgavatogagot Micwally hsugbdre idda thededer memibal asequs! y the

fuel-air mxture is taken fromthe- _
the longitudinal direction thereof. The other end of
5 #he levér member 205 is coupled to a power receiving
portion of the crankshéft 202 rotétably,_

When a spark of.ignition plug (not shown).is
energized in the cqmpustion_chamber.i79, the fuel-air (|
mixture or the éombustion gas iﬁtroduced into the

10 chamber 179 throuéh the valve 167a, for.example; is
fired to push thé_pistonjhembers 171 and i72 toward the
head.cgyer 164 so as to compress ihe combustion gés
introduced into the chamber 180 through the inleﬁ valve
168a, for éxample. At the §ameitime,ﬂcbmbustion gas is

15 ~introduced into the chamber 194 and the combust gas is
exhausted from the éhahber 195 thfough_the_exhaust val§e

. 170b, for example. | _
~ When the piston member 171 is pushed to&ard the
chamberileo, the réllér 176 guided betweeh the.plates

20 174 and 175 is also movéd,in the same direction and the
lever member 203 is_swung in the counterclockwise direc{
tion around the pin*204b of the roller 204a while the )
roller 204a is guided between the plaﬁe 204c and 2044 in
the longitudinal'direétion'of.the lever member 203,

25 thereby rota@ing the crankshaft 202 in the cléckwise
direction about the center rod 201. - |

As a resuit of this operation,.the pisfon member



inlet pipe 21b. Wen an explosion takes place in another third cylinder as
the piston 200328861 to t he WO 95/ 25914 PCT/JP95/00384
PCT/ JP95/00384 - 25 - left end in FIG 5, the piston 25 is noved to the
right to conpress the fuel-air mxture taken in the inlet pipe 21b. The
piston 25 is noved in the cylinder 20 to cone close to the right end in
FIG 5. Wien the ignition 5 plug 33b i@n??eE the conpressed fuel-air

m xture at this tine, the piston 25 is pushed to the left. In this manner,
t he crankshaft 32 is continuously rotated in the direction shomn by an

arrow A FIG 6(a)ishpus the il%%oﬁéﬁéroéeédfgnin‘éy%é’ i ch

two cylinders havingthe arrangenent as sho In FIG ge coup to the
crankshaft 32, and2Figcest (o) itbOWPEEedééﬂo?oshﬁpﬁhQ{'eafEllQéhﬁﬁtfd&ééﬂ|nders

of the four-cycle engine in which a total four cylinders

combustion gas is compressed in the chamber 180. When
the compressed combustion ges is fired in the chamber

5 180 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. |

10 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

15 crankshaft 202 continuously.

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

20 Further, since the piston motion is transmitted to
the crankshaft using the movable fulcrum type lever
member 203, no side thrust of the-pieton members 171,
172, 185 and 186 with respect to the'inner wall of the
chinders 161 and 162 occur, thereby transmitting the

25 - motion of the piston members very smoothly to decrease
the energy loss. Accordingly, it is p0551ble to

decrease the idling speed from 1000 rpm to 50 rpm for



I dentical to that enployed'in FIG 5 are arranged to 15

arranged such that an explo- sion always takes place in_a
at the WRIS&¥ds of the |ever menber 28 of FIG .5, the 8F&

conti nuously
cause four-cycle operation. |In this case, if the four cylinders are

ush-

5{0

yul | manner .
ef ficiency

I's increased, thereby realizing a quiet 20 ‘engi ne having a smal |
vibration. In this enbodinent, the piston 25 arranged with a good bal ance
on the two sides of the pin 27, and thegiston 25 only linearly contacts

t he guide plates 25a and 25b of the | ever nmenmber 28 corresponding to the 25
conventional connecting rod through the roller 26. Therefore, during each.
expl osi on, the piston .25 does not .cause a large side thrust to act on the

i nner wal | ofxampl®.95F@5bhdr, since the lever members 203 and 205

by

10

15

20

25

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 cylinder 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 ahd-lsz, it is possible to

»

form the piston members as 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

PCT/ JP95/ 00384 - 26 - the cylinder 20. AcCordin%ly, t he ener ¥1Ioss'caused :



the side thrust becones small, so that a high-efficiency reciprocating

engi ne. canykyospeegt i tuted. Since a very large force does neicTapdscasss he

pi ston 25 due to the 5 side thrust, the piston 25 can be forned of a
ceram c. When the reciprocating engine can be formed by using a ceramc,
the internal tenperature of the cylinder 20 can be increased to twce to
three tines that of a conventional engirme.4l1t is known that the 10 heat
ef ficiency of the conventional reciprocating engine is 20% In this

enbodi ment, the nechanical |oss can also be |argely decreased. For

Tomani ng heat ToRsBdReRE itRoEeifE % Y ke 3 D ol Y

+ 70/ 3 + 20) % %oa.gogpre than 50% can be obtained. Since the tatal
coefficient of friction fromthe piston 25 to the .crankshaft 32 becomnes
very small, a snoot hNeRYyespetatifosis \op! €he o8- diEl iMiertate et ddat 1Y

i dl i ng speed can be reduced to, e.g., 50 rpmor less. FIGS. 7 to 10 show an
embodi nent of aehgineowildl be described. In FIG. 23, the piston member
| 5 i7l 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 ste§ in the combustion chamber 194 in
10 ‘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
15 195 is ignited'by ighition plugs (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
20 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
25 - 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



coaxi al four-cycle engine in which a cylinder having the arrangement of the
enbodi ment of FIG 5 is placed horizontally. Referring to FIG 7, a roller
43a is wooespshiytted in a guide groove 42a f ormed bet Weepcgmsdmouhat es 42b
and 42c formed in a piston 4la inserted in a cylinder 40a and is nounted to
one end of a |ever nenber WD 95/ 25914

PCT/ JP95/ 00384 - 27 - 45a through a pin 44a. The roller 43a, two gui de

pl ates 42b and 42c forma force point~r&gul ator and the pin 44a acts as a
force point of the.lever menber 45a. 5 -~ The |l ever menber 45a is
supported by a pin 48a acting as a novable fulcrumwhich is provided with a.

ey eohphRkshBELTdtled £ 56 {‘Zt?*eér&%?néfi&fz%ra.%%@%ﬁiﬂgd%%
crankshaft agiLg28i8h 8n the englne
- As has been described above in detail, according to
the embodiments using inner movable fulcrum type lever
5 nembers, an apparatus for mutual conversion between
circular motidn"and reciprocalemotion can be provided,
which can decrease an energy loss when converting the
reciprocal motion of, e.g., the.piston_of e_four-cycle [
reciprocating engine into rotary motion of the | |
10 crankshaft, and which can be reduced in weight by using
a ceramic as the meterial'to form the epparatus.
The present inVention can also he embodied using an
outer movable fulcrum type lever memher. The following -
.embodiments are those using the outer movable fulcrum
15 type lever member. | |
FIG. 24 is a cross- section showing the entire
structure of stlll another embodiment of the present
: lnvention. This embodiment is a four—cycle engine
- having a structure in which a coldmnar piston 212 is
20 provided in a cylinder 211 placed in a horizontally
position, and vertically opposing wall sorfaces 213 and
214 are formed in a notch.portion in a central.position
of the piston 212. Cylinder.heads ZilA and 211B are
respectively provided at both ends of the cylinder 211,
25 ‘and the cylinder 211 is equipped with an ignition plug
and intake and exhaust valves which are not shown in the

figure. Piston'rings not shown are provided at both -



10 crankshaft. The crankshaft arm49a is coupled to camshafts 50a and
50b t hroughWwO 95591461 and roll ers 62a, 62b, 62c, 62d, and 6ZTTAPeSEIRd | N
FIG 10 and serving as a coupling nmenmber, and drives canms 5la and 51b
nounted to the cam shafts 50a and 50b. The cans 5la and 15 51b drive _
val ves 54a and 54b through | ever nenbers 53a_and 53b havi ng novabl e ful crum
regul ators 52a and 52b, respectively. As shddn~in FIG 8, in addition to

the valve 54a, another valve 55a is provided to one side of the 20

cylinder 40a. The valve 55a is driven by a | ever nenber 56a in a simlar

manner. As- shown peitipherad, ehBsagddi théiﬁﬂséentffzyaéﬂér%’t&"é}{ , val ve

55b is provided to the other side of the cylinder 40a. val ve S
driven by a | evesesdihgr belrebn dhei thher WalDesf € cyReidsyr idnh tnd| G

‘8, pairs of ignition plugs 57a and 57b, and 58a and 58b are respectively
provided to the PWwStondes of the cylinder 40a.
' A rotation roller 217 is inserted between the
5 Qertically opposite wall Surfaces 213 and 214 and the
roller 217 has a diaméter substantially equal to the
distance between the wall surfaces 213 and 214. The
roller 217 is rotatably suppérted by an upper end of a
lever hember 218 which.functions.as a force point of

10 this member projecting downwardly from between the wall

surfaces. The wall surfaces 213 and 214 function as a

Fl

force point regulator for retaining the force point of
the lever member 218 by the roller 217 such that the
force point can freeiy dscillate in the clockwise and
15 counterclockwise directions. |
The cylinder 211 is supported at its lower portion
by a pair of support frames 215 ahd 216. Guide plates
219 and- 220 are mounted on internally opposing wall
surfaces 215 and 216 of these'support'frames 215 and 216
20 with spaders 215a gnd 216a inserted therebetween. A
rotafion.roller'221 rotafably supported at a lower end
of the leQe:'member 218 is insefted.between the guide
plates 219 and 220. The lower end of the lever member
_ 218 functioné as a fulcrum and is éupported between the
- 25 guide plates 219 and_zzd such that fhe fulcrum'can
freely moves'in the lengthwise direction of the -lever

member 218. Therefore,.this fulcrum is referred to as



WD 95/ 25914 PCT/ JP95/ 00384 28 FIG 9
Is a sectional side V|eM/taken along the portion of the |ever nenber 45a.
shown | words@2se14d. The crankshaft arm 49a coupl ed to the [PCEIPIS®AB40f t he

| ever menber 45a is rotatably supported by bearings 60a and 5 60b. The
engine shown in FIGS. 7 to 10 is basically the sanme as that showmn in FIG 5
and a description of the operation therf f wll be omtted. In this
engine, a lever nmenber identical to the*fever nmenber 28 used 10 bet ween
the piston 25 and the crankshaft 32 in FIG 5 is enployed in the driving
mechani sm of the valves 54a to 55b,- so that the engine can be rotated at a

hi gher speeda RedERhes rafic2umabyg ERENGRDAE| PPates PO AHHE MM ldrel S be
described with reference to FIGS. 11 and 12.” In FIG 11, the val ve

open|ng/closm@gemeehambsaglmoaableeﬂuIOr@mtfemuﬂatﬁ&ye A gui de groove 71
of a force point
A mid-point of the lever member 218 is rotatably
connected as an action point'with a crankshaft 222.
5 Therefore, when the upper end of'fhe lever.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 fulcrum in the clockwise'end coﬁnterclockwise _ |
directions.’ In this state, the rollers 217 and 221 .
10 respectively guide the lever member 218 in the length-
wise direction thereof between the surfaces 213 and 214
and between the guide'plates'219 and 220 as the crank-
shaft 222 rotates. As é result of this, the upper end .
of the lever member 218 is oscillated by reciprocal
15 linear motion of the piston 212 through the'roller 217,
and this reciprocal”motion is converted by the crank-
1shaft 222 1nto rotation motion w1th excellent
smoothness
Specifioelly;.a side thrust to be generated between
20 the piston 212 and the inner wall of.the cylinder 211 by
the reciprocal motion of the piston 212 in the right and
left is absorbed by rotation of each of the roller 217
and 221, and mechanical losses are eXiremely low.
In an engine according to this embodiment, it is
25 . possible to maintain stable rotation at a lower speed of
100rpm or lower, while the crankshaft 222 need not be

equipped wiﬁh a counter balance or a flywheel.



regul ator is formed in the distal end of a tappet 70 in a direction

per pendi cuingy osi2@otshe- movi ng direction of the 20 t appet PCT/IRISDOIB4r Ol | er
72 is inserted in the guide groove 71. The roller 72 is nounted to force
point of a |ever nember 74 through a pin 73, and a valve shaft 75 is
rotatably mounted to the action point or the other end of the | ever nmenber
74. The novable ful crumof the 25 | evel® enmber. 74 is ‘supported by a
roller 77 through a pin 76, and the roller 77 is held on an engi ne body 79
t hrough a gui de groove 78 of a fulcrun1regulator so t hat WO 95/ 25914

PCT/ JP9S/ 00384 myglerokb, Calefdelds 1ARslVaaliRal1 il TRedion of

the | ever nenber val ve orne on ?fe di stal ‘end of the val ve .
shaft 75. A waskeiat8bni &rf Héééléﬁath@nVﬂf VEhé herig i . i mountied \oml e 80

formed on the distal end of the valve shaft
car, and the axial output efficiency is thus remarkably
improved
5 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
10 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
15 | 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
20  force point 217;, while_the.movable fulcrum 221c
achieves linear reciprocal motion along the lengthwise
direction of the lever member 218
FIG. 28 is a graph in which a solid line shows a
relationship between the piston displacement and the
25 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



75 constantly closes, e.g., an exhaust hole 83 by the operation of a coi
spring 82 inserted between the washer 81 and the engi ne body 79. The tappet
70 is rogoubsasers by the engi ne body 79 acting as an i nputPCI@PISHO03 abl e
force point regulator and the valve shaft 75 is regul ated by the engine
body 79 acting as an output action point regulator. Wen .the valve
openi ng/ cl osi ng mechanismis forned in £$i5'nanner, the vertical novenent
of the tappet 70 15 regul ated by the*1nput force point regulator is
snoothly transmtted to the valve shaft 75, and the novenent of the valve
shaft 75 is regulated by the output action point regulator as well as by a

wel | 71a on b'a%weeﬁggéi Q;ﬁ}hgénwfoﬂl{b&ﬁ:'@rdiﬂé“ﬁ_xiltﬁé)rd's?&bdétifdiﬁ distal end

of 20 the“tappet 70. , even if the engine speed iIncreases, the
val ve 80 al wpysckskl gwbmt betuelboeql sooneaenigmiit idie fsapetaiéedor eci sely so

as not to cause so-called crush. Therefore, the engine speed can renarkably
i ncreases aswithpar edmbusthencgas ebeinmasulbicientiy raompressed,
' thereby generating a maximum combustion pressure. On
5 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
10 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 beinglsufficiently compréséed in the
present invention. - |
15 Next,'specific explanation will be made to phases
‘in which the piSton 212 of the embodiment shown ig
FIG. 24'm6ves with displacements forming an absolute
sine cufvé, with reference to FIG. 31.
FIG. 31 helps énalyzation of operations of the pis{
20 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 hithin thé_cylinder 211 of the pistoh 212,
L1 denotes distance between the action point 222c and
25 the rotation center 221c of the rotation.rdllér 21 as ah
'movéble fulcrﬁm'of thé'lever membef 218; L2 denotes a

distance between the force point 217¢c and the the action



FIG 12 shows an exanple in which the val ve opening/closing nmechanismis
appl i ed to W0 9SRMI4 over head WO 95/ 25914 ~ PCT/IP95/00384 _
PCT/ JP95/ 00384 - 30 - can) valve. FIG 12 is different fromFIG 11 only in

t hat the val ve opening/cl osi ng mechanismis driven by an over head cam 85 in
pl ace of the tappet 70 and that a guide grogve 78 is fornmed between a guide
plate 78a and 5 an engi ne body 79. The®dpération of this nechanismis
basically the sane as that of FIG 11. Al of the above enbodi nents are
related to appara- tuses for conversion between rotary notion and |inear

reci procal noti opoidhe2d st | MMt EILIERhe @r@nkShart’ ebat €¢d Henotes
apparatuses for directly converting rotary motion into reciprocal pivot

motion of a |eves metdlelon RtdAius3 cthane zrakishadet 22ROr cageasyesesh 111 of
such an apparatus. Referring t6 FIG 13, a rotor arm
angle between the lever member 218 and the crankshaft
222, and @ denotes . a rotation angle of the crankshaft
5 222. |
More specifically, the dlsplacement y of the piston
212 of the embodiment shown in FIG 24 is expressed by
the following equation:
y = Llsina o _ eee (2)
io Here, the following equatinn~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
15 follows:
y = L1{r/(L1 - bZ)}sine
The displacement of the piston 212 is accordingly
expressed as follows: _
= (L1/(Ll - L2))rsine | e (4)
20 As is-apparant frnmnthe 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. Thua, the displacement of the piaton
212 is an ideal one so that a heat energy generated
‘25 within'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



101A is coupled to a motor 100 through a rotating shaft 15 101 and is
driven by it. A lever nenber 103 is coupled to the other end of the rotor
arm 101A through a pin 102, and a novable ful crum 104 of the |ever menber
103 is wpesablay supported between a pair of parallel gwotgoredmssss 106 and
107 of a fulcrumregulator through a 20 roller 105. Al these
constituent el ements are housed in a rectangular case 109, and especi ally

the portion of the notor 100 is sealed in a shock absorber filler 110. In
this arrangenent 111, when power is sup 'ied to the notor 100 to rotate t he
shaft 101, as the notor 100 25 - rotates, the free end of the rotor arm

101A or the pin 102 perforns a circular notion to forma trace having

al nost the s Sbaeigscaﬁﬁéceéatw ﬂ%lgéf'amésﬁm 98 withD D raels
PCT/ JP95/ 00384 - 31 - |A A Accordingly, the roller 105 is linearly noved

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
5 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 membér having an outer movable fulcrums
10 constituted by applicatiog 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
15 lever member having an internal mo&able fulcrum accord-
ing to the present invention. Note that data in the
table ére characteristics under condition where each
engiﬁe has a St:oke of 86 mm and a bore diameter of 86 mm
:and is operated at 3000 rpm. To simplify the following
20 "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
25 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



bet ween the guide plates 106 and 107, and the |ever nmenber 103 reciprocally
rot at es abowip sshsgovabl e ful crum 104 as the center. By thi pcatpspgsdent ,
rota- 5 tion of the rotary arm 101A is snoothly converted into the

reci procal notion of the | ever nenber 103. Note that the angle of

reci procal swing nmotion of the | ever nmenber 103 can be changed by changi ng
the ratio of the distances anong the ful ct A T04, the force point 102, 10
and the action point 112. In FIG 14, the bl ades 125a, 125b, 126a, 126b of
a flying object are constituted by using two sets of the basic arrangenments

111 each identi cal g40yukhhakh p?@%ﬂébcf't%e a"i;buﬂzlh%lflél(%)tﬂ.fz’oﬁrt t(%ntloékew’

and FIG 14(b) 15 - 1s a an vi-ew. ferring to ary sks
121 and 122 are g8Uph8UcdivéheistdBrendiid S 18 e e} movadfieshown) and

driven by them Rotary notions of the disk 121 is transnmtted to bl ades
125a, 125b and t foterwh Zhengimk dckbididy anethe’ Presbddb indeéntion, the

respectively. Gears are fornmed at the periphery of the disks 121 and 122
so that the di skeutputahelss 2is aramarkably low, ife., 2.7%. The
5 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
10 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,
15  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.
20 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:
25 Friction coeffiéientsf |
conventional engine ...;.;.,......... 0.366

internal movable fulcrﬁh z-engihe +.. 0.340



meshed with each other to drive the blades 125a, 125b in synchronismwth

t he bl ades 126a 126b. These bl ades are serving as | ever nenbers through
novabl egfdy % regul ators 123 and 124, and convepcedrdsnbssaf | appi ng.:
The di sks 121 and 122 may be driven other than the notors such as a rubber
string. 1In such a case, one WO 95/ 25914

PCT/ JP95/ 00384 -32- end of the rubber string nmay be hooked to the hook 127.
FIG 15 shows a structure in which one Shd of a | ever nenber 133 is coupled
to the peripheral portion of 5 a rotary body 131 through a pin 132. 1In
this case, the lever nember 133 is used as the armof a crane using a

UL e T 1a8ee ROLRES A5l bR 3550 Bl Lo ST
crane. . The friction coefficients are determined on the

j-basis of.a mechanical engineering handbook. lthough

'-these friction coefficients vary depending on surface

5 pressures of pistons, the above coefficients are deter-
mined since a piston normally presses a cylinder w1th an
average pressure of about 30.2 kg/cm2 in a conventional
engine, with an average pressure of.about 18.9 kg/cm2 ‘
in an internal movable fulcrum Z-engine, and witn an

10 _average pressure of about 7.1 kg/cm2 in an outer mova-
ble fulcrum Z-engine. i

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
15 a movable fulcrum lever member as a moving pouer trans-
mission mechanism.involves no loss. _

In a conventional engine, an indicated workload is
normally said to be about 38% of the total heat genera-
tion workload of a fuel. This is evaluated as 80.17PS

20 from calculation. An.effective workload (i.e., an axial
| workload) is obtained by subtracting a mechanical loss
from the indicated workload. Where the workload due to
a side thrust is estimated to be 85% of a mechanical
loss, the mechaniCal loss is 17.25PS. This mechanical
25 loss is subtracted from the indicated workload, thereby
obtaining an effective workload_of 62.7PS from -

calculation. Calculationgis made supposing that the .



10 In an enbodi ment of FIGS. 16 and 17, a support shaft 143 is

i nclined ywoositssgh to the rotating shaft of a notor 141 t hrpexgiresoo¥esnt i ng
menber 142, a rotatable roller 145 acting as a moving fulcrumis nounted

m dway al ong the support shaft 143, and the roller- 145 is 15  sandw ched
by two parallel guide plates 146 and 147 functioning as a moving fulcrum
regulator. Wth this arrangenent, the_suﬁpé?t‘shaft 143 fornms a rotational
trace formng a circular cone having the roller 145 as the.vertex. Hence,
when a triangular plate 148 is 20 mounted to this support shaft 143, the

plate 148 can hanRpllcd] ApssherPaAPBLLeE AbyanPAotu1btlh FonelRURIdR

exanpl e in which a humanoi d foot .is constitute y using three se

basic arrange- r@jinel Bkblublihg andidéCtRachti Wepkicad 19 &hadl SEOWHAH 25
FIG 13. More specifically, the distal end of a | ever nenber 103A of the

basi ¢ arrangenmemf &l Tenventiioadlt enginase 109B of the basic arrangement
111B, and the distal . : : ' :
A side thrust loss output (J) is especially
5 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
10 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. | |
15 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
20 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.
25 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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of - a |l ever nenber 103B of .the basic arrangenent 111B is fixed to a case
109C of the basic arrangenent 111C. Wen di sks 100A to 100C of the basic

arrang 1 to 111C are driven by nmotors (not showsgpygolfessfspective 5
| ever ﬁgﬁgér§£i03A to 103C are swung to performthe novenent of the

humanoi d foot in which the | ever nenber 103A acts as a fenoral region, the
| ever menber 103B as a leg and the | ever nmenber 103C as a foot. FIG 19
shows an exanple in which a humanoi d-as? s 10 constituted by using
three sets of the basic arrange- nents 11la, 111B and 11C each identical to
" that shown in FIG 13. Mre specifically, the distal end of a | ever nenber

PRI BT o L A R Rl L L
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is reduced by 33.0%. The engine of the present inven- '
tion has a schematic size of 685.0 mm x 610.0 mm x
5 615.0 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 q,
(per weight) of 1.47 PS/kgf at a rotation speed of
10 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
15 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. |
20 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
25 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



to 111C are driven by notors 100a, 100B and 100C, the respective |ever
menbers 103Rotlosr2$@48C are swung to 20 per form t he novenenPCTIPISI0384
humanoi d armin which the | ever nenber 103A acts as an upper arm the |ever
menber 103B.as an arm and the | ever nenber 103C as a hand. FIG 20 shows

still another enbodi ment of the present invention which is constituted as,
e.g., the 25 bal ancer of a robot. FIG %&Kh) IS a side view, and FI G
20(b) is a plan view. In this enbodinment as well, two sets of the basic

arrangements 111A and 11B each WO 95/ 125914

PCT/ IP95/ 00384 - 341301 50l | CAbsgLet AL FNOMR iF1cH. Casloass, usednTle
distal end of a lever nenber 103A of the first basic arrange- nent 111A is

fixed to the di spattensh odnd@rard iowesh et Poktl,2 37 @jrec Prioy iledmatthenr epper
portion of a case 109B of 5 t he second basic arrangenent 111B, at an
angle of [err] portion of a cylinder 230 of a two-cycle engine. A
cylinder head 233 is provided at a top end of the
5 éylinder 230. The inlet port 230 is connected to é
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
10 gas of petrol and lubrication oil from the carburetor
231a. ’ |
A piston 234 is inserted in the éylinder 230. This
piston 234 is provided with a notch portion 236 in which
guide walls 2§5a and 235b are forméd so as to extend in
15 ‘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 directioh perpendicu-
lar to the center axis of the piston 234 such that the
rbtation roller 237 is rofatable;_and this rotation
20 roller 237 is rotatably secured to a force point 239 of
the lever.member 238. These guiae walls 235a and 235b
together with the rotation roller 237 function as a
movable force:point regﬁlator. _ | |
| 'Anothef end of the lever meﬁber 238 is a movable
25 = 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



A col umar weight 152 is nmounted to the distal end of a |ever nenber 103B
of a second basic arrangenent 111B. Accordingly, the pivot direction of the
| ever nmenber 103A of the first basic arrangenent 111A and that of the 10

| ever myrdsansd@3B of the second basic arrangement 111B feerapesmessagl e of
[err]. As a result, if this balancer is nounted to, e.g., a robot which

wal ks with two feet and the | ever nenbers 103A and 103B of the basic
arrange-- ments 111A and 111B are pivoted in accordance with the 15

output fromthe attitude sensor of the $bbot by driving the |ever nenmbers
103A and 103B by neans of the notors 100A and 100B, respectively, a very
fine attitude control operation can be performed. The ‘enbodi nent of FI'G 5

o e HIRRELE LB Shgne EEOOEOSHL, TORAEL Buldl SRAD A0 3 ot P
menber 28. Hawavehonagegkthld &othhendi sétafiddordl Bseniqd nedtidi@n it is
possible to convert the“reciprocal notion of the piston 25 into a plurality
of 25 r ot alsi @nmovableofalepdmorégulatsom a plurality of crank-
A pin 244 used as an action point is fi#ed between
5  the force point 239 and the support pqint.24o 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 'fx;om' a rotation main shaft 245. '
The piston 234 is provided in a cylinder 230 and
10 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
15 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.
20 More specifically, in the two-cycle engine of this
.embodimént, when a mixed gas'takén-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 _
25 thereby pressing down the piston 234. This motion of
" the piston 234-15 transmitted through the roller 237 to

a lever member 238 having an outer movable fulcrum, and



shafts sinultaneously by neans of a plurality of |ever nenbers. WO

95/ 25914 WO 95125914 PCT/ JP95/ Oeg8aPsogs®m4- | G
21 shows an enbodi nent for outputting a plurality of rotational notions
fromone reciprocal piston novenent. In the figure, a circularly cut
portion 25AA is forned at a substantial middle portion 5 of a piston
25A. At each one end of four~|ever menbér $28A, 28B, 28C and 28D acting as
a force point is provided with rollers 26A, 26B, 26C and 26D are nounted
rotatably by means of pins and the rollers 26A-26D are engaged between the

! 5550 00 ERAR et g oA My Py 98 EhbscBbELE

of the lever nengess 286\ wRBEh drvarts AHa rEETA Il fiotiddAand8Da are
rotary motion and transmits the motion to the rotatien
maiq shaft 245. .

5 1In 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

10 leQef member 238, since the piston 234 and the lever
member 238 are connected with each other by the movable
force point regulator coe;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

15 in comparison with a conventional engine. 1In the same
way, the movable fulcfum 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 asla”movable fulcrum regulator. Therefore,

20 reciprecal 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.

25 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



rotatably supported between pairs of guide plates 28cA, 15 28dA; 28cB,
28dB; 28cC, 28dC; and 28cD, 28dD acting as fulcrumregul ators. The end
portions of the |ever nenbers 28A-28D act- ing as action points are

rot at abwp 9snsMged to crank arns 30A, 30B, 30C and 30D. POTAPIS/N00384
Accordingly, when the piston 25A is reciprocally driven in the cylinder 20,
four synchronously rotational outputs can be obtained sinultaneously. FIG
22 shows a four-cylindered radial engi% according to still another

enbodi rent of the present 25 i nvention.” In the figure, first and second
common cylindrical cylinders 161 and 162 are so arranged that the axis of
the cylinders 161 and 162 are parallel with WO 95/ 25914

PCT/ JP95/ 00384nsumfttogach other. Both ends of the cylinders 161 and 162
are

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

5 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
10 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

15 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

20 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

25 the figure whereby a mixed gas is compressed. 1In this
'state, when the mixed gas is ignifed.by an ignition plug

not shown, the piston is pressed in the downward



cl osed by head covers 163, 164, 165 and 166. Two val ves 167a, 167b are
mount ed t hr @igRpkdig head cover 163. In the simlar manner, yarupssosssda,
168b, 169a, 169b, 170a 5 and 170b.are nounted through the head covers
164, 165 and 166. First and second piston nenbers 171 and 172 are provided
in the cylinder 161 and are connected with each other by a connecting
menber 173. Two guide plates 174 10 an®7175 are provi ded between the

pi ston nenbers 171 and 172 so that a roller 176 can be noved freely between
the guide plates 174 and 175 in the direction normal to the axial direction

f the cylind - f dj '
menbors 171 and $75PbEGE S YR AT S i TR rphelg BaBholnd o
of the recesses éZéBaQPelFé’s%%thréEFQ&%ﬂ@dSti% thlelcd®ckifs@ndnd’8 so that

conbusti on chanbers 179 and- e formed between head covers 163, 164 and
pi ston plates 174oudtdr SpedkwisdRIlQict WnPikEi Ahe irddati®h 2oglerevi ded

for 20 seal ing the conbustion chanbers 179, 180 at the gaps between the
pi ston menbers 1Z317A1824 a237B hef cidrigelqroint regulators, with components
5 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
10 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
15 ° 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
20 comes to maintain continuous rotation by itself without
help of a starter mdtor. 'Consequently, tw6 outputs in
form of rotation in opﬁbsite directions can be obtained
-.simﬁltaneouSly.through fwo rotation main shafts 245A and
 245B, from oﬁe single cylindér 230 and one Single piston
25 234,
'-FIG. 39 shows an embodiment of a four-cyclé engine

of a horizontal coaxial type in which cylinder heads



161. In the simlar manner, - first and second piston nmenbers 185 and 186 are
provided in the cylinder 162 and 25 are connected with each other by a
connecting nmenber 187. Two gui de plates 188 and 189 ar i bet ween
the pi st?¥EMers 185 and 186 so that a roller 190 can$€ﬂh3%#@§ﬁ25914
PCT/ JP95/ 00384 37 be noved freely between the guide plates 188 and 189 .in
the direction nornmal to the axial direction of the cylinder 162. Recesses
191a and 192a are formed in the piston sgnbers 185 and 186 to decrease the
wei ght 5 t hereof, and the open ends of the recesses 185 and 186 are

cl osed by piston plates 192 and 193 so that conbus- tion chanmbers 194 and
195 are forned between -head covers 165, 166 and piston plates 192, 193.
Seal i ng nenb@ﬁslAlgadaﬁélpr QVEdéﬁspﬁ‘Ft%‘é‘alY nRrevided uhetdh endsiRs s

one cylinder 250 placed in a horlzontal position such
that the heads 251A and 251B face each other, and in
which one single piton 252 is driven to rec1procate
) between the cylinder heads 251A and 251B. .In FIG. 39,
two rotation roliers 254A and_2$4§_are inserted between
a pair of guide plates 253A and 2533 provided in the
piston 252 which is inserted in the chinderlzso. These (
rollers 254A and 254B are respectively secured to the
10 ends of lever menbers 256A and 256B which function as
force points. .. : |
The lever.member 256A has anotheroend which is sup-
ported by a movable fulcrum reoulator_consistino of a
rotation roller 258A inserted between a pair of guide
15 members 257A and of a pin 259A connecting the lever
lmember and the roiler, The lever member 256A is con-
nected at its mid-point with a crankshaft 261A by a pin
260A.
The lever member 256B has anotherlend_which is eup-
20 ported by a movable fulcrum regnlator 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 member 2568 is con-
nected at'its.mid-point with a crankshaft 261B by a.oin '
25  260B. _ -
The crankshafts 261A and 251b connected to the

lever members 256A and 256b contained in the crank -



10 194, 195 in the simlar manner as in the cylinder 161. Cylinders 161
and 162 arewbdbyweti4 0 a frane 200 so that the cylinders 161 mcuird§Mo3sd e
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 15 and 162. The
roller 176 is rotatably nounted to one end _of a | ever nmenber 203 through a
pin 204. The | ever nenber 203 is supportédsﬁy‘a novabl e ful crum 204
constituted by a supporting roller 204a through a pin 204b between 20

gui de plates 204c, 204d functioning as a noving ful crumregul ator for

novably supporti I r r i e_l ' kLna

‘t her eof .- The ot h%&?arﬁagr}% o?é/t haefqae@\%glrne%g%gegi%&ai ggg%hg?gd tkggaégg@dgjr?g'
receiving porti ogh@dudiien Wtk dif ta 201162t ab&kbkhowh) therebyi taragbve
manner, the roller 190 is rotatably nounted to one end of a | ever nenber

205 through a pia &46.instalkedronndheccat@haift .suphast edmbiiravesvahtake
ful crum 207 '

valves 262A and 262B as well as exhaust valves 263A ;nd
5 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

10 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.

15 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

20 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

25  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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constituted by a supporting roller 207a through a pin 207b between gui de
07c, 207d of a moving fulcrumregul ator for novably supporting the -
| ever nmember 205 in the | ongi tudi nal direction thereof. poffipososar end of .5

pl ates 2

t he | evOPEAYE

r 205 is coupled to a power receiving portion of the

~crankshaft 202 rotatably. Wen a spark or ignition plug (not shown) is
energi zed in the conbustion chanber 179, the fuel-air mxture or the
conmbustion gas introduced into the 16 60 ehanber 179 through the valve

167a, for exanple,

t he head
chanber

is fired to push the piston /nenbers 171 and 172 toward

cover 164 so as to conpress the conbustion gas introduced into the .

180 t hroug

h the inlet valve 168a, for

the sane tine,

| e. t
conbusti on gpiugs 364A an¢n3§ﬁﬁukRPﬁrﬁh?wphé”bﬁgﬁbgg9$94t§ﬁa FA®Sconbust gas

i's exhausted from

exanpl e.

10

15

20

25

265A,

5¢ &?hfé‘?seranag%ééﬁ PN R 12 AT Vekbye 170D, for

included, and that exhaust ports 267A and 267B as well

as intake pofts 268A and 268B are specifically

illustrated."The othef.components of FIG. 40 will be

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

.énd explanation thereof will be omitted here.

FIGS. 41 and 42 show an embodiment in which the _ ‘ B

baéic structure of the embodiment shown in FIG. 24 is

used in two sets thereby to extraCt outputs from two

' pistons cdmbined by one single crankshaft. Those

components of FIGS. 41 and 42 which correspond to the

compcnénts of FIG. 24 are referred to by the same or

similar reference numerals.

In FIG. 41, two cylinders‘leAfénd 211B having an

equal inner diameter and extending in tbe horizontal

direction 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

6f 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 center portion of

the piStOn.212A toward a downward direction, such that

the plates 213A and 214A are fixed to the body of the



When the piston nmenber 171 is pushed toward the chanber 180, the roIIer 176
gui ded bet SE % plates 20 174 and 175 is al so noved § FT

direction Snd-¢ghe | ever menber 203 is swung in the countercloc mnse dlrec-
tion around the pin 204b of the roller 204a while the roller 204a is guided
between the plate 204c and 204d in the longitudinal direction of the |ever
menber 203, 25 thereby rotating the er@ikshaft 202 in the cl ockw se
direction about the center rod 201. As a result of thls operation, the

pi st on nmenber WD 95/ 25914

PCT/ JP95/ 00384 - 39 - 171 gges toits Iomer dead 0|nt and t he Eﬁston
member 172 goesPiSteR 21y dSHFHH Mithé é’rﬁﬁét?H{“ﬁBGGCQGSES Estlon gas

5 camresaed | Ralhe SO e RidRCoT StRRd SRR LT 09 12
member is inserted between the roller guide plates 213A and
214A, and the roller 217A is rotatably_installed on a
5 force point of a lever member by a'pin 217cA. A roller
221A is installed.on a pin 221cA which serves ae 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
10 project into the crank chamber 274 formed in a lower |
portion of the eylinder b}eck 272. The roller 221A and
‘the pair of guide plates 219A and ZZOA constitute a
movable fulcrum regulator. |
A round hole 222cA which functions as an action
15 pqint 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
20 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
25 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



172 is pushed toward the head cover 163 to rotate the |ever nenber 203 in

t he cl ockwi se direction about the novable fulcrum 204 to further rotate the
crankshaft 202 in the clockw se direction as shown by an arrow A. 10 '
Thus, soWIS28¥4expl osi on steps occur in the chanbers 17FCTABWN0IY, and 195
in the order nentioned and so-called four-cycle steps, i.e., inlet,
conpres- sion, explosion and exhaust steps are perforned at each of the
chanbers 179, 180, 194 and 195 to rotateg4he 15 crankshaft 202
continuously. According to the enbodinent of FIG 22, it is possible to
forma four-cylinder engine using two cylinders 161 and 162, thereby
enabling to reduce the size, weight and volunme of the reciprocating engine.
20 Fuat beilt 27acen@ha pulleyn 280 i as conreching tdampdnentise _
crankshaft using the novable fulcrumtype-l-ever nenber 203, no side thrust
of the pistonthergbyste7driveca oan ipdtakediam the mamshafthe Thiser wal |
of the cylinders 161 and 162 occur, thereby transmtting the 25 noti on
of "the pi st onCABnBERYeFeiptakg PRt yexRAURE Rk¢es provided on the

cylinder head at predetermined timings,'thefeby to

5 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

10 obtain three rotation outputs. Thérefpre, those
compqnents which are common to thdse'of FIG. 40 are
referred tolby'the saﬁe reference’numerals and detailed
‘explanation of those components will be omitted in the
following. _

15 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

20 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

25 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



"the energy loss. Accordingly, it is possible to decrease the idling speed
from 1000 si78or20  PM for WO 95/ 25914 PCT/IP95/00384

PCT/ JP95/ 0034 - - exanple. Further, since the |ever nenbers 203 and 205
can be formed to have the sane length with each other, it is possible to
design the distance fromthe axis of the cylinder 161 to the center of the
crankshaft rod 201 5 to be equal to thabé3between the axis of the
cylinder 162 and the center of the rod 201 so as to minimze the vibration
of the four-cycle reciprocating engine. Further, since no si de thrust

h 171, 1 8 6 h
Cner 10 val 1L AUERBEER REcPsPILE 8FdtE3° ??a*.%ép FEPE9 & Form ¢ ne
bi ston menber s g5, GeaneR ARl $h9BR chHSELEE téegughosbw_efmam of the

pi ston nenbers as well as the/ total weight o e engi ne.
regulator, such that this fulcrum can freely move

between the guide plates 257A1. Therefore, the rotation
5 torque of the lever member 256Al1 is converted into
rotation of a 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
10 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,
15 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
20 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
fhis crankshaft 260B2 is formed to be integral'with the
_crénkshaft 260A1 such that these two crankshaft main-
25 tains a phase difference of 180°, outpﬁts from these
two crankshafts are extracted and united together as the

second rotation output'indicated by the arrow.



FIG 23 shows a radial engine with 8 cylinders 15 enbodi ed i n accordance
with the present invention wherein two sets of the four-cylindered engine
as sho F 22 are conbined to formthe 8-cylinder rocatlng
engi nem%%néggyl i ndered engine of FIG 23 can be for mg’%"&é&?our
cylinders 161, 162, 261 and 262. 20 The cylinders 161 and 162 have the
sane structure as those shown in FIG 22. Therefore, explanations of the
structure with respect to the cylindetsegd6d and 162, as well as those of
the cylinders 361 and 362 can be onitted here except for the fact that the
| ever nmenbers 25 203 and 205 are connected to one crankshaft arm 202a
and the | ever nenbers 403 and .405 are connected to another crankshaft arm
202b apart fron1tHefﬁﬁﬁFEGZEtb?n°th§E)95¢2€§1ﬁhe lever member 256A2

PCT/ 2F951 00384 41 190, e S5 £l ESESHad s SErETAEH &1 1

roller 258A2 which constitute a movable fulcrum
regulator such that this fulcrum can freely oscillate.
5 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. | |
10 The above embodiments are examples in which rec1p-
rocal motion of a piston 1s 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
15 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
20 of a pump is reciprocated by the action point regulator;
| mechanicalloutputs of two different types can be
extracted from one engine. | |
FIG. 44 is a view schematically showing the
structure of an_example of such an engine as stated
25 above. Reciprocal motion of a piston 291 1nserted in a
cylinder 290 hav1ng the same structure as in FIG 24 is

transmitted to a lever member 293 through a force point



rod 201. Now, operations of- the 8-cylindered reciprocating engine will be

descri bed. égslfs%ﬁ 23, the piston nenber 5 171 is posi tpErmdsadssst s
| ower dead BOTAE &s a result of the expl osion step in the conbustion

chanber 179 in the cylinder 161. In the same tinme, the piston member 185
is also positioned at its lower dead point as a result of the explosion
step in the conbustion chanber 194 in 16 65 the cylinder 162. At this
time, the chanbers 180 and 195 are in the |ast stage of the conpression
stroke, while, piston nenbers 371, 372, 385 and 386 are at the md position

in the cylinders 361 and 362, respectJ vel,y. en_th f ' in’
Eﬂe Fhanbersn%SBegﬁ%Pﬁﬂf consist; qgﬁﬁtﬂaééﬁy%ﬁaﬁF%i§RS§F§é§S?§gP gﬁémﬁ?? "
the | ever nenbers, 203 ! r 1 cl ' d

count er cl ockwi s’éo{)f?léc 'nga(}%r g‘ssgec%%.dﬁﬁgpotigﬁém?ﬁgag?aﬁ%%g?t 0rfod 201
in the directiog g hey RIaci At &Y Enn@lckdchhpoliaeengaenber s 403

and 405 rotate In gﬁﬁf&ﬁgﬂg cl ockw se and countercl ockwi se directions,
respectively, tRAgbERYr CONPIEESEHY ldver wRimkgas 293 tilse supported by a
5 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
10 plates 299A and 299B, thereby functioning as an action
point regulator. Thelpa%ﬁ'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
15 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
. 20 294 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,
25 - mechanical outputs of two different types can be
extracﬁed from one engine.

In the embodiment of FIG. 41, reciprocal motion of



chanbers 380 and 395 and the fuel gas is inlet into the chanbers 379 and
394, respectively. According to the present enbodi nent of FIG 23, all 25
the | ever nmenbers 203, 205, 403 and 405 can be nmade identically so that '
whol e stWR&SRMPM of the 8-cylindered engine can be for rreo"%éfe{q:’.%al ly with
. respect to the WO 95/ 25914
PCT/ JP95/ 00384 - 42 - crankshaft center rod 201, thereby further canceling
the vibration in the engine. As has bgegédgsCribed above in detail,
according to the enbodi nents using inner novable ful crumtype |ever 5
menbers, an apparatus for nutual conversion between circular notion and
reci procal notion can be provided, which can decrease an energy | oss when
converting thma qdistonsalrespecadvely éngertedeipi svoncylimdéwsir-cycle
reciprocating engine into rotary notion of the s
arranged in parallel with each other is transmitted
through lever_devices of a movable outer fﬁlcrum,type to
crank pins which have different rotation phases and are
5 connected with one single crankshaft, thereby to extract
one single oufput. ~However, two cylinders 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.
10 _ 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
15 305B, and this roller 307 is rotatably secured to a
force point of a first lever member 308. A roller 309
is inserted between the guide plates 306A and 306B, and
this roller 309 is rotatably secured to a force point of
a second lever member 310.
20 . 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
25 are thereby supported. _
In'FiG. 45, when the pistons 303 and 304 are

presséd downwardly in the cylinders 301 and 302 by



10 crankshaft, and which can be reduced in weight by using a ceramc as
t he naterhﬁbggﬁmﬁprn1the apparatus. The present inventi on RCHAIPAS5/80384e
enbodi ed using an outer novable fulcrumtype | ever menber. The foll ow ng
enbodi nents are those using the outer novable ful crum 15 type | ever
menber. FIG 24 is a cross-section showng_the entire structure of stil
anot her enbodi nent of the present invenrlgﬁ “This enbodinent -is a
four-cycle engine having a structure in'which a columar piston 212 is 20
provided in a cylinder 211 placed in a horizontally position, and

vertically opposin rf n 14 e dglen tch portion
in a central [Mﬁﬁ?éhﬁga e %%% ¥§f§ 3&5 t§E m%g%gg 3?12§3ﬁg 211% are

respectively provigdgl dré)Oééar@ﬂqsct@fd ttlaetmél Leder Aéhbe2b threadht he
cylinder 211 is equipped with an.ignition plug and intake and exhaust

val ves whi ch argovérlé hfowtd pdit fieguietorsi soasisitdgg ot gahden are
provi ded at both
plates 305A, 3058,'306A, and 306B and rollers 307 and

5 309. 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

10 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

15 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'

20 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 éonnected'by arms 322 and 323 to lever members

324 and 325 at positions apart by a predetermined dis-

.25 tance from ends of these lever members. Other ends 6f
the rotation shafts 320 and 321 are rotatably connected

through arms to lever members 326 and 327 at positions



WO 95/ 25914 ' PCT/ JP95/ 00384 - 43 -
peripheral -ends of the piston 212, thereby to-ensure sealing betmeen t he

i nner wall of the cylinder and t he piston. Arotation roller 217 is

i nsert ed WIS the 5 vertically opposite wall surfa®cTIPISHORId 214 and
the roller 217 has a dianeter substantially equal to the distance between
the wall surfaces 213 and 214. The roller 217 is rotatably supported by an
upper end of a |l ever nmenber 218 which f tions as a force point of 10

this member projecting downwardly from between the wall surfaces. The wall
surfaces 213 and 214 function as a force point regulator for retaining the
force point of the |ever nenber 218 by the roller 217 such that the force

poi nt can freapprésbyl bapeedetehminédckisisanendfridn end®WE aheiseckwi se.
directions.  The cylinder 211 is supported at its Lomer portlon by a pair of
support framedeyes ma@bers. Cui de pl ates '

Rollers 328 and 329 are rotatably secured at ends
of the lever members 324 and 325, thereby to constitute
5 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
10 332 of a rectangular parallelepiped except for Ievér-
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.,
15 wings of a'dragopfly. _.
In this structure, when rotation shafts 320 and 321
are rotated by supplying a power to an-electfic motor
‘not shown, the lever members 324 and 325 are recipro-
cally rotated around the axes of the rollers 328 and 329
20 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
25 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



219 and 220 are nmounted on internally opposing wall surfaces 215 and 216 of
t hese support frapmes 215 and 216 20 Wi th spacers 215a ionserted
t her ebet wekR52R8Y ot ation roller 221 rotatabl y supported :?Qgﬁfgg&gérsﬂend of
the | ever menber 218 is inserted between the guide plates 219 and 220. The
| ower end of the | ever nenber 218 functions as a fulcrumand is supported
bet ween the 25 gui de plates 219 and 22G6such that the fulcrumcan freely
moves in the | engthw se direction of the |ever nmenber 218. Therefore, this
fulcrumis referred to as WD 95/25914 s _

PCT/ JP95/ 00384 - 44 - a _npvable ful.crum and the quide plates 219 and 220
are referred tomg¥aRy@abricrumcreddoey izt And %%rria(?- Meldt a5 thee siiees,

5 Ther of or e, ORRBRTENAEALER Th TS HRAT R HhEse e F AR IR S | 222
motion of wings 324 and 325 as the lever members can be
changed. The other pair of wings 326 apd 27 can be

5 ariven in the same manner.
| As.has been described above, according to the
present invention, it is possible tb proﬁide an appara-
- tus for conversion between fotary motion and réciprocal
motion which enables reduction in enefgy losses when
10 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.



driven in the right and the left, the |l ever nenber 218 is rotated around
the center of the roller 221 as an outer fulcrumin the cl ockw se and
count er avQosese directions. In this state, the roll ers si7rrasiehbs@21 10
respectively guide the | ever menber 218 in the length- wise direction
thereof between the surfaces 213 and 214 and bet weenm the—gti-de—plates- 219
and 220 as the crank- shaft 222 es. As a resul &1 s the upper end
of the | ever nenbe byore0|procal { “ﬁ ?ion of
Qlter

t he piston 212 thr ughSﬁhe-r | "and this reci

converted by the criank- @ﬁét t0 rotation noti

snoot hness. Speci fi L a S|de iy ysth gombg generated betmeen 20 t he
pi ston 212 and the inner wall of the cyllnger 211 by the reciprocal notion
of the piston 212 jn the &g tiRd floef multaadbeehbedshynr peeheen of each of
the roller 217 and 221, and mechanical |osses are extrenmely low In an
engi ne accordmrmpulhﬂtmotiﬂﬂxaﬂdnmdtiprbcai ﬁBtionposembttslngnalntaln

stable rotation at a | ower speed of
: a lever member having ‘a fulcrum as well as an

s ection point{and_a force point one of which is rotatably
mounted at a point en a line connecting_a rotational
center andla'cirCumference of a rotary body,'the actien
point or force point being provided'with a first | ‘
regulator and the fulcrum being provided with a second |

10 regulator for functioning the fulcrum as a mevaSie
| fulcrum, _'.“" - |
wherein the'first regulaﬁor'is.eeupled'to-a
reéiprotating'body, and the first and'second regulators
include supporf members for supporting one of the force

15 point or action point and the fulcrumlte be movable in a
longitudinal direetion of the lever_meﬁber.

2. An apparatus for mutual conversion between
cirCUlat motion and reciprocal motidn,-comprising:
a rotary body;

20 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

25 a first regulator and the_fulcrum'beiné provided with a

second regulator for functioning the fulcrum as a

AR

movable fulcrum; and



100rpmor lower, while the crankshaft 222 need not be equipped with a
counter bal ance or a flywheel. = WD 95/25914 '

PCT/ JP95/ YRBRIN45 _ Therefore, energy | osses are not i nVol vt ity
accel - eration or deceleration if the engine is nounted on a car, and the
axi al out put effL;jjﬁggﬁﬂﬂ&:thﬁé?ﬁ?ﬁbrkably | TPT OV @i Sheet Has Been Répla@8, ' 25,

26, and 27 respefit]vgly showd 8er" of the metation c he -
n% En rotation
: con- nection

rotation roller 21 “ésha#tmaggmggggg of the Iever

center 221c of the—retatFeirroller 221 as a ful crum

poi nt 222c of the crankshaft 222 as an action 10 point, in the

embodi ment of FIG 2 reqipzocatingniody $mowhdghnpresofnthfi eGti®e ratio of
t he di stance between the ful crum 221¢c and the fqrce,poipt 217c.to the dis-
tance between tRPRLGY 2 HRD EﬁﬁUPPH@%aQFPSAGB iﬁﬁtgzgge £iiSt '

regulator is coupled;

. wherein the firs5t and second regulators include
5 | .support membefs_for_suppo;ting one of the force and
éction points and the fulcrum to be movable in a longi-
 tudinal direction of the.lever'member. |
3. An apparatus for mutual conversion between
circular motion and reciprocal motion, comprising:

10 .a rotafy body: _ |

a lever member having a fulcrum as well as a force
poinf and an action point which is rotétaﬂly_mounted at
a point on a liné connecting a rotational center and a-
circumference of_a rotary body, the force point being

15 provided with a first regulator and the fulcrum being
provided witP a second regulator for functioning the
fulcrum as aémovable fulcrum; and
| a feciprocating motof to which the force point
prdvided ﬁith the first regulator is coupled;

20 | wherein the first'and second regulators include
sﬁpport members for supporting the force point and the
fulcrum to be movable in a longitudinal diréctioh of the
lever member. | | |

4. An éppa:atus for mutual conversion between

25 cifcular motion and recipfocal motion, comprising:
o a rotary motor; and

a lever member having a fulcrum as well as a force

|
* c L M N *




Is 2:1. FIG 26 shows an exanple in which the ratio of 15 t he di stance
between the ful crum 221c and the force point 217c to the distance between
the ful g¥g'98megikc and the action point 222c is 4:1. As seerapPsswessshese '
vi ews, the -action point 222c noves tracing an absolute circlie im accordance

with an oblate circular novenent of the 20 fﬁ{lmeé?ﬁ ﬂtﬁ gwhile the

novabl e fulcrunlgg;g_thLe¥§ reC|procaI e | engt hwi se
e TN

direction of the|lgyersmrhers 2 FIG 728" s a a solid line
shows a rel ationghip bgtmeenithe pﬂston dlsplace engi ne
rotation angl e, Mgzkhe,eabadFﬁ%ﬂf—shomn in FIG 24. This relationship foorns

bsol I
an absol ut e oo ] AealndldiP dutibh pUIREeLAIEn 48erBEaLEM L Subinagai deal piton

position at aq p&eind idH PAliHe @bhn@&t&hg @O¥busti6Aal center and a

circumference of a rotary motor, the action point being
provided with a first regulator and the fulcrum being
5 provided with:a second regulator for functioning the
fulorum as a movable fulcfum;'and'fhé'aotion point
provided withrfhe first regulator being coupled to a
reciprocating body of a rociprocatedrméohine; | ' (
wherein the first and second regulators. include
10 support memberé'for éupporting aoﬁioh poinf and the
fulcrum to bedmovable in a longitudinal direction of the
- lever member. |
5. An apéaratus for mutUél conversion between
circular motion and reciprocal motion, comprising:
15 a rotary body, and _
a lever member 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
20 provided with o first'regulator and the fulcrum.being
provided with a second fegulator'for fuhctioning the
fulcrum as a movable fﬁlcrum; _
wherein the force point providéd with the first
regulator is coupled to a piston of a rec1procat1ng
25 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




process fromO to [errj, so that ignition is obtained with a Conbustion gas
bei ng suffjci entI conpressed, thereby generating a maximnmu m,@ .
pressure. W 9525 Xthe ot her hand,. a rapid di spl acenent of ?Fg pi'ston 212 S
prevented during the expanS|on _____ s from[err] so that the conbustion

pressure is transn i-shofl 212 with theThsghaﬂhsséﬁkﬁmﬁ&Fy and

is effi- ciently C\ﬁwﬁﬂted*fn o, a nmedhanicab energy '
i ndicated by a contlnuous”ht"f = 29. This f| shoms
t hat the maxi num c N pressure is generated sin

obtained with a conmbustion gas being sufficiently conpressed |n the present
i nvention. 15 regulatQast hayge SUPPRTExXPPBREEF ofiOH FUPRBRr kiRe t pfm in
whi ch t he p|ston 21 of th di men own in

di spl acenent s f &% oggisrgwn% EFV@°Vﬁpiéca%f%r ﬁ%%ﬂt%ﬁtﬂ?% 31.

FIG 31 helps a ég¥ld%k§%fF§ gbeg &ﬁagekhe pis- 20 ton 212, |ever
a 0

menber 218, and FIG 24. In FIG 31, x denotes
a displacement in theg, An apparatus for mutual conversion between

5 c1rcular 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 which'ie rotatably mounted at
- a point on a'line‘connecting a rotational centef and a
.10 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;
wherein the force point prov1ded with the first
15 regulator is coupled to a piston of a rec1procating
motor, the piston ie 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 |
20 supporting the force point and the fulcrum to be movable
in a longitudinal direction of the lever member.

7. An epparetus according to claim 6; wherein said
inlet and exhaust units have velves for opening/closing
_inlet and exhaust holes of said cylinder, operating arms

25 coupled to said valves, and driving units for driving
said vales through said operating arms, said operating

arms have force point regulators coupled to said driving

NHR D FAR




| engt hwi se direction of the | ever nenber, y denotes a displacenent within
the cylinder 211 of the piston 212, Li denotes distance between the action
poi nt 222c and 25 the rotation center 221c of the rotation roller 21 as
an novabV@%™4 um of the lever member 218, L2 denotes aPAFIR584 bet ween
the force point 217c and the the action = WO 95725914

PCT/ JP95/ 00384 - 47 - point 222c,(_:,gml cted wth t kel Repieed: T
denotes a rotation ¢a T q af L 222, Qﬁ &Qﬁ Ie bet ween
the lever nenber 21 = 222, and [i | m% rotation
angl e of the crankshaft 5 ”f.'j;_ speC|f|caII ' ment y of
t he piston 212 of 't Fe—emodi ment shown in FIG 24.is expressed by the '
fol |l ow ng equanits: jction paoint regulators coupled to. said valves, .. (2)

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

5 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

10 between c1rcular motion and reCiprocal motion each of
said basic engine units compris:Lng |

a rotary body connected to the-outputiaxle}

a reciprocating motor including a cylinder’having
first and second end portions each.of which has inlet

15 and exhaust units of a fuel gas and an ignition unit
and a piston body hav1ng two piston members 1nserted in
the cylinder to face with the first and second end
portions; and '

a'lever member haying a fulcrum as well as a force

- 20 point and an action point - which 1s 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

25 fulcrum as a movable fulcrum; | |

- wherein the force p01ntlprovided with the first
regulator. is coupled to said piston body of the

e T T
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10 Here, the foIIowLng_equaLLon_ewdénéy rsinO = (L1 - L2)sin[err]
Therefore, the f omﬁn ' =r(L1 - L2)sin% ﬁQMMJ

.. (3) Thg(’&{a%ﬁ‘fon (2 Lm “ mgﬁl&ﬂ lnto t he equation §'§' as ,
follows: y = L1{r/ (L1 - di spl acenent of the plston 212 is
accordi ngly expressed as follgms y = (L1/ (L1 - L2)}rsinf[err]

... (4) 20 . ST STappareat=fi-em t-hersequation (4), this equation is
expressed only by Ilﬂeﬁ?f er s/ Of 2 Péfﬁ] and therefore, fornms an absol ute
sine curve as indicated by tHeisblid I|ne in FIG 28. Thus, the

di spl acenent of the plston 212"{'s"anideal one so that a heat ener y
generated 25 rﬁF%RFﬂCPhéngym¢?RﬁM th%.Rkﬁtﬁq|h94¥ﬂﬂ5y"EWFﬁédt@@

fromin formof a nechani ener Furt re,. i f anaof her |ne mhlch
have the same s%PuE?b eCh ilgﬁﬁﬁw %H? the first and second regula %

have support members for supporting the force point and

the fulcrum to be movable in a longitudinal direction of
S ﬁhe lever member. | |
9. An apparatus for mutual conversion between
circular motion and reciprocal motion comprising a lever
. member having a first regulator erevided at an end of
the lever member for functioning as a force point or an
10 . 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
15 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
20 or action points-and:the movable fulcrum such that the
force or action points and the movable fulerum are
movable in a lengthwiseedi:ection of the lever member.
10. An apparatus for mutual conversion between
circular motion and_reeiprocal motion comprising:
25 a rotary member; and |
| a lever member having a first regulator provided at

an end of the lever member fo:_functionlng as a force

; Thls Sheet Has Been Rei
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24 is connected to the crankshaft 222 with a phase difference of [err], and
two pi stWAES2®K driven and di spl aced with the phase di f fRGTARS003%4 [err]

mai nt ai ned, both the vibrations generated by the pistons cancel each 5

other and the engines can thus constitute a noi setess—engine unit. FIG 32

Is a table conpari the engipe—charact |st|c
four-cylinder ngngl%%STﬂ gach, PECuNI \r’;h Z%I ever r‘ﬂ&“ﬂﬁmmﬂ‘mm“ ter

novabl e ful cruns ip e@nsbltuted by appllcatlon of ¢ ha pres&nt™invention
is used as a power transpi-ssion fiéchani smfromthe piston to the

crankshaft, wdint her eigidetiohapedner,i at sesond 28gabgtoe providéd at
convent i onal connecting rod and those of an engine using, as a power

transm ssi on amstier &¥nd oflXhe llesesr membber fbavfugchnonmgrwl anovabl e
ful crum accord- ing to the present invention. Note that data in the table
are charactew@@ﬂ@h%#lﬁﬂ&ﬂfuﬁbnépﬁlénpﬂﬁéﬂéneééhween both of the ends

functioning as an action point or a fo;ce 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, whéfein

" the first and second.regulators have support
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engi ne has a stroke of 86 nmand a bore dianeter of 86 nmand is operated
at 3000 rprg,ogs'yggﬁi mplify the following 20 - explanation, ;@ﬁﬁ%ﬁfs wWth
t he above |'ever nechani sns nenbers will be referred to as an Interna

novabl e ful crum Z- mechani sm engi.fie- outer novable fulcrum z- mechani sm

engi nes. As is apparln_ 1 LomiklGs $3ZN d@n out put | oss| INe
thrusts of pistons iifi “canvientsgnal enigi-ng 7r eaches umuﬂmilmumll”wom put
power shown in the fﬁgg;gggﬁﬂﬂketthaF:b t he internal® mdvalsl ef uf crum
z-engi ne. i s about WO 95/ 25914

PCT/ JP95/ 00384 - 49 - 8.6% which.is reduced to _about half of the output

| oss of the conVRsRheRSI e JIAYRPLY, SHRPOS oS abPECLUPE BRFFOBngi ne
~according to the t 4 | QLN t SphSyl r w,

e o 90 *The BOLFEE Hnd MARcYanae" BylhBH sulhe his, R £8RRY b

i.e., put neans - e€clded by
action points and the movable fulcrum are movable in a

lengthwise direction of the lever member.
] o 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

10 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

15. 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

20 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 conbersion between
circular motion and reciprocal motion comprising a

25 rotary member,and a lever member having a first regula-

tor provided htian end of the 1é§er member for function-

ing as a féfce point, a second regulator provided at

This Sheet Has Been Refiléced :
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subtracting an exhaust |oss and a heat |oss froma conbustion output. In
the inner and outer novabl e ful.crum Z-engi nes of the present invention,

si nce t VO8I 2Blacenent of the force point by which the REHIPASPISS40

driven to nove is snmall while the piston is anLng——%he-nenen%—by—which t he

piston is rotated is small and the frlctlon coef f o t hat

the side thrust is —to-be- ‘ smal | . Jﬂﬂilm mam ent from
the top colum of Kl GiSFERCAS, Bﬂhé i n |cated p

conventi onal englna I s smElLérathan those of the |nternal and outer novabl e
ful crum z- ﬁEChanIC&F=Eﬁ§1ﬁeS'”bECaU§E”Of "a late raise and an early fall"
of the pi st onanbthérhead beenties nlevaeddferr @dvandund®ioning asAasi de t hrust
wor kl oad means a bal ance between respective pistons, and i s obtained by
firstly a sidmovabliet fibcrempyandtaquiidlen gaiorh Metweenr oth afd the t hen

nul tiplying the side thrust force by a friction coefficient. Conditions are
det er mi ned aseﬂé$I§“BCt26nin9 as arrraetich ReTl iratakably and .

axially secured on a line connecting a rotation center

5 -.of the rotary member and a circumference of the rotary
member, wherein - |
the first regulator is conneétéd with a piston of a
reciprocal motion motor; the piston is movably mounted ‘
in a cylinder, the cylinder has'ends'respectively
10 = provided with an intake/exhaust deviée'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
15 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
20 | 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 proVideé at another end of the leVer member for
25  functioning as a movable fulcrum, wherein
' the-firéf’regulator is-cohnected with a-piston 6f_a

" reciprocal motion membet; the piston is movably mounted

This Sheet Has Been Reﬂlaced ﬁ
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conventi.onal engine ...... ..., .. .. 0. 366 internal -novabl e ful crum
Z- engi ne WO 95/ 25914

PCT/ JP95/ 08%%%'%9’5‘0 - outer novable ful crum z- engine ...... ‘T"é"’isé%“"%e
friction coeff|C|enE5~ape determned.on the baS|s—e%—a—ﬁeehaﬁreaF—

engi neeri ng handbook. -4k thoughi; heselfhlctlon coe endlng
sur es::gfi st ons, jt he above c J!miﬁm“mm ot er -
Wi

on surface 5 pres
a cylinder can.aver age pressure

m ned since a p|st0H‘H6Fﬁa¥|y “presses-
of about 30.2 kg/cnR2 in a conventional engine, with an average pressure of
about 18.9 kg/cnR in an internal novable ful crum Z-engine, and with an 10

aver age preSSLweiQﬁazﬂﬁiﬁndptk khpeceylindgs Baver eRdvareBPecEivelyim '

Zenaine, Aso, A SANEIANN IS GAURSA.R hE5EcE’ ebetEhifRgOr o0 Cle
in/exhausting a fuel gas and an ignition device, and the
first and second regulators have support members for

5 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
10  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
15 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; aﬁd the force point regulator and the movable
~fulcrum regulator havé 5upport'members for movably
20 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
25 . piston movably_insérted in the.cylinder, intake and
| éxhauét'deviées for-takiné in and exhausting a fuel gas

provided at both ends of the cylinder, and an ignition

N




as has been expl ai ned beforehand, while an engine using 15 a novabl e

ful crum | ever nenber as a noving power trans- m ssion nmechani sminvolves no
| 0ss. | rwaesessenti onal engine, an indicated workl oad | SPCTIRISNMP4said to -

be about 38% of the total heat genera- ti-on workload of a fuel. This is

eval uated as 80. 17PS 20 fron1ca|cu|ation. An effective workload (i.e
an axi al workload) is obtained by subtracting a nmechanical loss fromthe
i ndi cat ed workl oad. Where .t he workl oad due to a side thrust is estimated to

be 85% of -a nechani cal |oss, the mechani ﬂmmmm)m,ﬂl
nmechani cal 25 |l oss is subtraeted I ope: kg™ |nd|c "ereby

obt ai ning an gifeebive workl qqm0$ 62d RS fronlcalculafldn "Cdlctlation is
made supposi ng that t he )

PCT/ JP95/ 00384 - 53 plueshbiny:cof™ ﬁdﬁé&,-ipfmeamemt ;elandovabl e ful crum
Z- mechani-sm

a plurality of lever'members'each'having a mid-
point functioning as'an action point rotaﬁably secured.
5 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-
10 . tioning as a movable fulcrum, wherein
the first regulators are connected to the piston of
the :eciprotal'moti§n motor such that the first regula-
tors are arranged'symmetfical_to each other.
17. Aan apparaﬁus for mutual conversion between
15 circular motion and reciprocal motion comprising:
first and second reciprocal motion motdré 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
20 cylinder, and an ignition device:'. |
first, second, and third rotary members;
first lever member having a mld -point functioning
as an action point rotatably secured on a line connect-
ing a rotation center and a circumference of the first
25 ~ 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

his Sheet Has Been Reﬂlaced
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engi ne excluding a side thrust workload is equal to that of a conventional
engine. A side thrust |oss output (J) is especially 5 remarkable in FI'G
32.. This ¥RPUISIIS 66.0 in the present invention which i's BFFEP¥Hee
reduced by 15%in conparison with a conventi onal ennge In conparison with
an internal novabl e fues Z=o engi ne accor di ng To the—precedi ng

i nvention, the side thrrl:lst ch 1) wf‘@u’t‘—ﬁh‘t Logg Ls redjm,

Al t hough various attdnpts K&fesBEen to reduce 9i H[mﬂ MBIEF

hi story of devel opnenfs=or-engi nes, none of those att’emStsLremc

remar kabl e reduction as in the present invention. 15 As a result,
out put i ncreasi memzr o ffurchtdoning astpumsvabéelfﬁIcrumrhe I nt er nal
novabl e ful crum Z- mechani sm engi ne using a | ever nenber according to the
precedi ng i nventi on @&fFond 3 ever: Rembgrenandnghremidrpeint Zfueehioning
engi ne using a |l ever nenber having 20 n outer novabl e fulcrun1of t he
present inventi it 3 AFTRS RNk, rokataplyc FRFUredt BRit 2ot i3S coPRReEFonal

engi ne

ing a rotation center and a circumference of the second
5 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
10 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
15 . provided at another end of the lever member for func— 
tioning as a movable fulcrum, wherein
the firét regulators of the third and fourth lever
members‘are_respecﬁively connected to the pisfons of the
first and seéond reciprocal motion motors such that the
20 first regulatoré'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.
25 direction in'synchronization with the third rotary |
member.

lé, .An-apparatus for mutual conversion_between

| This Sheet Has Been RT :




as a reference of 1.00. Thus, the enbodi nent using the outer novable

ful crum achi eves an increase of 23% conpared with a conventional engine. 25
Fur t her wobs2sesi ght of an outer novabl e ful crum Z- necharcmIPesengsae :
according to the present invention is estimated as 111.8 kgf, where this
engine is a 2000 cc . WD 95/ 25914

Comventonat eni no- e e oot TSI AL, o <
reduced by 33.0% Thg ithe preisent inverd- fioh has %a dchematic

size of 685.0 nm x 6%€ ==z==8%540 nm which is nuch nore conpact 't han

that of the GOSN OnR RH0IRA YbcipdoBE n380cA EBnkr#28n: M The outer

movabl e ful crum Z-mechani sm engi ne atcording to the present”invention
attains an output { pejtassi altmbed’; Bnd7 PS/ kgf at a rotation speed of

a lever member having a first regulator provided at
an end of the lever member for functibniﬁg as a force
5 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
10 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
15 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
20 has a third teguiatdr functioning as an action point on
a line extended froﬁ the end functioning'és the movable
- fulcrum, said”third regulétor being connected to a |
reciprocal motion member of a reciprocal motién motor.
19. An apparatus for mutual conversion between
25 circular motién and reciprocal motion comprising a

rotary member and a lever member having a first

regulator provided at an end of the lever member for

This Sheet Has Been Re’ilaced -

AERA AR




10 6500 rpn1 whil e the conventional engine attains an output (per
wei ght) of 0.97 PS/kgf at a rotation speed of 6500 rp [ tion,
t he appara Wg’rsbsééc}ardl ng to the enbodi - ment shown in FIG ?Pﬁg%%
reversi bl e engi ne, and can be 15 used as ‘a punp for conpressing and
feeding a liquid or a gas |fhan,faw_ 4 C notor not~sShown i S connected with
~the crankshaft 222 iﬁ= B ot at ezandlidei ge this ¢

reci procal |l y novi ng ﬂ TSLon-2k2 within the cyli nmmmn"““)nmmm In
this case, a side th ,_”'"" ; ccordance with recilprdcals nwution of
the piston 212 is- absor ed as rotations of rollers 217 and_ 221, and these
conponent s causéﬁéxﬂﬂémégﬂIﬂ§Nam§@ﬁ§ﬁ|Eaﬂntas§e§eCPn@E¢egglaQQr BFR- 35 are

Vi ews schenatlcall Wi n he s ure of aﬁ ngodl n whi ¢
the present |nvéﬁh %%ﬁ%&ﬁéd cyEVET MGNABT tioning
Cross-sections |n ﬁ&é¥§b£@ %Wic%uh?anEeglmﬁagle point between both of

the ends functioning as an action point rotatably and

5 . éxially secured on a line connecting a rotation center
of the rotary member and a circumference, wherein
tﬁe first regulator is connected with pistons of
first énd second reciprocal motion motors, each of the
pistons are movably inserted in a cylindér, the cylinder
10 has ends both respectively provided with intake/exhaust
devices for taking in/exh;usting a power gas, and that
the first and second regulators have suppdrt members for
movably supporting the force point and.the movable
fulcrum such that the force point and fhe movable
15 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 aéting as wings of a flying member, eéch having a
20 first regulator provided at an end of the lever meﬁber_
for functioning as a movable fulcrum, and each having a
point between the end and another end of the lever
member, for functiéning és a force point rotatably -
secured on a line connecting a rotation center of a
25 rétaty 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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WD 95/ 25914 PCT/ JP95/ 00384 - 53 - a
side view, respectively. In FIGS. 33 to 35, an inlet port 231 and an outl et
port 23WQ9sesprovi ded at an upper. portion of a cylinder PZIIPRS00384t WO- CyCl &
engine. A cylinder head 233 is provided at a top end of the 5 cyl i nder
230. The inlet port 230 is connected to a carburetor 23la secured to an
engi ne bl ock 241 through a. cranke-chaiber 241A-formed in the engine bl ock
*241. Lubrication 0|‘ {E stpplled .0 a’ ppéton 234 and a | ever nenber 238
together with petral, y jiecting a m xed 10 gas of petrol and
lubrication oil fromthe- “earburetor 23la. A piston 234 is inserted in the

cyli nder 230. JEfiertiivelon cR3fhettel’ €4 URE thibe 2pBPhed; Pasdion 236 in whi ch
gui de wal I s 2354 and 235b are forned so as to extend in 15 a direction

perpendi cul ar to treanseiforr dzivingf thBepRushDDtY3df rotfiptméibep!ier 237
is inserted between the guide walls 235a and 235b in a direction
per pendi cu- synchronization with each other, wherein

the first and'second'regulators'have support
5 ﬁembe;s for movably-supportihg the movable fulcrums such
that the lever members are movably supported in a
lengthwise direction of the lever members.

R A
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lar to the center axis of the piston 234 such that the rotation roller 237
i s rotat abl this rotation 20 roller 237 is rotata ,’ﬁgé; to a
force poi ntva%%gﬁg}"the | ever menber 238. These gui de wall styg a adr?éﬁ‘gSSb
together with the rotation roller 237 function as a novable force point
regul ator. Another end of the | ever nente/4€B8 is a novable 25 futcrum
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 WD 95/ 25914 : - PCT/ JP95/ 00384. -
54 - fixed to the engine block 241. These guide plates 242a and 242b.
together with the rotation roller 243 function as a novable ful crum
regulator. A pin 244 used as an action point is fixed between 5 t he
force point 239 and the support point 240 of the’ '
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| ever menber 238. The pin 244 is engaged with an eccen- "tric disc 246

whi ch has %‘?5@5 hole formed to be deviated froma rotati Ggrpbiloesfaf t
245. The pi'sto Y4 is provided in a cylinder 230 and |l o noves up and
down along the inner wall of the cylinder 230. Aring is provided on a
circunference of the piston 234, therebp yq@nsure sealing with respect to
fuel gas and oil. In .the enbodi nent shown in FIGS. 33 to 35, the 15

| ever menber 238 is supported by an outer novabl e ful crum regul ator having
the sanme structure as in the enbodinment shown in FIG 24, and the action
poi nt of the lever nenber 238 is rotatably connected to the crank hol e of
the eccentric disc 246 by the pin 244. 20 More specifically, in the
two-cycl e engi ne of this enbodi nent, when a m xed gas taken in and '
conpressed by the carburetor 23la is ignited by an ignition plug not shown
inthe vicinity of a top dead point in the intake and conpressi on process,
the fired m xed gas exp-nd& 25 t hereby pressing d?%P the piston 234.
Thi s notion of. ) o

4‘?‘\ 68 = ™
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FIG 2
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FIG 3



the piston 234 is transmtted through the roller 237 to a | ever nenber 238
havi ng an outer anabIe ful crum and WO 95/ 25914

PCT/ JP95/ OWSE%2595 . 5 then transnitted t hrough the pin EEI“?%“?ﬂ%
eccentric, di sc 246 which converts the reciprocal notion into rotary notion
and transnmits the notion to the rotatiog Agi(h shaft 245. 5 In the

enbodi nent 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 otherw se
be caused by a reaction fromthe 10 | ever frember 238, since the piston
234 and the | ever nenber 238 are.connected with each other by the novable
force point regul ator consisting of the guide walls 235a and 235b and the
rotation roller 237. As a result, an

3 33
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energy | oss caused by a side thrust is greatly reduced 15 i n conparison
with a con&&gg%ggﬁl engine. In the sane way, the novabl e fpirapésitoss t he

| ever nmenb s supported by the guide plates 242a and 242b and the
rotation roller 243 which are conbined together to operate as a novabl e
fulcrumregul ator. Therefore, 20 recgpyf4€nl notion of the piston 234 is
converted into rotary notion with less losses. In this case, since the

pi ston 234 is not pressed against the cylinder 230 with a strong pressure,
the main part of the piston 234 nay be fornmed of ceramics. 25 . Further,
since the side thrust is small, energy |osses are reduced so that the
idling speed can be set to 50 rpmor |less which | eads to advantages in view
of fuel - WD 95/25914

PCT/ JP95/ 0384 - 56 - consunpti on.
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FIG 5



If a reciprocating engine can thus be formed of cerami cs; the cylinder 230
can be set |l ue two or three tinmes higher than a con i ngi ne.
Al t hough 5&89%52{%3 known that a conventional reciprocati n\gﬁ'xe}?ljg?gn@k%“?t ai ns
only a heat efficiency of 20% this enbodiment can lead to a great :
reduction in mechanical |oss. For exanplg/4gupposing that a mechanical |oss
is recovered by 10% a high heat efficiency of 50% or nore can be 10
attained if the remaining heat | oss of 70%is reduced to one third, i.e.,
10% plus 70/ 3% plus 20% FIGS. 36, 37, and 38 show an enbodi nent whi ch uses
a cylinder 230 and a piston 234 common to the enbodinment of FIGS. 33 to 35
and is provided with | ever nenbers 15 238A and 238B with the piston 234
bei ng i nserted therebetween. Therefore, those conponents of  FIGS. 36 to 38
whi ch correspond to the conponents of enbodi ment shown in FIGS. 33 to 35
are referred to by common refer- ence nunerals, and expl anation of those
conponents will 20 be omtt i inthe following. In
t he ernbodi nent shown in FI GS/ 36
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both of the rotation main shafts 245A and 245B are rotated so that, for
exanmpl e, t &r?g,'#%tlgn-234 moves in the cylinder 230 to the vpé&i/npokioses t he
top end sh ' 5 the figure whereby a mixed gas is conpressed. 1In
‘this state, when the mxed gas is ignited by an ignition plug not shown;
the piston is pressed in the dowmward © /V095/ 25914

PCT/ JP95/ 00384 - 57 - direction in the figures and the |ever nenbers 238A
. and 238B are respectively rotated in the clockwi se and counter clockw se
ditections by the rotation rollers 237A and 237B of force point regul ators,
wi th conponents 5 242aA, 242bA, and 243A as wel |l as conponents 242aB,

242bB, and 243B bei ng posi'tioneg-dﬁi ﬁa%‘ﬁq%ggrunﬁ. The conponents 242aA,
\\. cr, HE

242bA and 243A constitute a_on |ator while the conponents

242aB, 242bB and 243B b4q ponktitute 2 va,pl,_e HAkrum
. N L] u_ . . .
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10 regulator. As the |ever nenbers 238A and 238B are rotated in the

di rections d above, the rotation main shafts 245A a AfosiosaC
respectivel %r%tzgélgd in the counterclockw se and cl ockw se gle.rrectl ons hy
“pins 244A and 244B. ‘As a result, the piston 234 noves in the 15

cylinder 230 to the vicinity of the bottepyegg in the figures, whereby
exhausting process is conpleted and a prinmary conpression of an intake gas
is sinmultaneously carried out in the crank chanber 241A. Wiile this process
is repeatedly perforned, the two-cycle engine 20 cones to maintain
continuous rotation by itself without help of a starter notor.
Consequently, two outputs in formof rotation in opposite directions can be
obt ai ned si mul taneously through two rotation nmain shafts 245A and 245B, :
fromone single cylinder 230 and one single piston 25 234. FIG 39 shows
an enbodi nent of a four-cycle engine of .a horizontal coeaxial type in which
cyl i nder heads :

400
/
45q
60a 60b
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FIG 9



WD 95/ 25914 _ _ PCT/ JP95/ 00384 - 58 -
251A and 2 espectively provided at both ends of on ' 250

pl aced in §$ﬁgs#§%£tal position such that the heads 251A aﬁb 2%?%a?g%e each
other, and in which one single piton 252 is driven to reciprocate 5

between the cylinder heads 251A and 251B8 /4@ FIG 39, two rotation rollers
254A and 254B are inserted between a pair of guide plates 253A and 253B
provided in the piston 252 which is inserted in the cylinder 250. These
rollers 254A and 254B are respectively secured to. the 10 -ends of Ilever
menbers. 256A and 256B whi ch function as é@rce poi nts. The | ever nenber 256A
has anot her end which is sup-__ported bv4 Oxpvabl e ful crum regul at or
consisting of a rotation rollfer [258A inserted betwedgn 4 pair of guide 15
menbers 257A and of a pin _259A donnecting the | eyer [merfber and the roller.

The lever nenber 256A i JocdiE] ndcted at its mid-point W &l crankshaft
261A by a pin #. %:ﬂﬁf—
30T S3b
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260A. The | ever nenber 256B.has anot her end which is sup- 20 ported by a
novabl e fu gul ator consisting of a rotation roller b ted

bet ween a B%é%ﬁﬁgui de nmenbers 257B and of a pin 260B con%g?mggb%ﬁ?e | ever .
nenber and the roller. The |ever nenber 256B is con- nected at its
md-point with a crankshaft 261B by a pi®/ZH) 260B. The crankshafts 261A
and 261b connected to the | ever nenbers 256A and 256b contained in the
crank WO 95/ 25914 . PCT/ JP95/ 00385
- 59 - chanber 269 are connected with a canshaft, for exanple, through a
belt and a roller not shown, thereby to drive a caminstalled on the '
canshaft. This camdrives intake.val ves 262A and 262B as well as exhaust
val ves 263A and 5 263B provided on the cylinder heads 251A and 251B,
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respectively, at predetermned timngs, thereby to achieve four processes
of a four- gine, i.e., expansion, exhausting, intak APsk;
conpressioﬁ&ﬁkésggresult, hori zontal synchronized reverse ?g atléﬁm?mﬁn 10
outputs are obtained fromthe crankshafts 261A and 261B, as indicated by
arrows in FIG 39. The engine shown in F)®4@39 is basically the sane as
that shown in FIG 33, and therefore, explanation to operation of the
engine of FIG 39 will be omtted here. 15 However, the engine of FIG
39 can be rotated at a higher speed if a structure simlar to the |ever
menbers 256A and 256B respectively provided between the piston 252 and the

crankshafts 261A and 261B i s used as ﬂr've nmec isms for intake val ves
262A and 262B as well as 20 the ex 5 st val V¥ 263A and 263B. FIG 40
shows an enbodi nment having a structufE wWiciristsppstantially the sane as
that of the enbodi- nment shown in FIG b, the enbodi ment of FIG
40 adopts a |ay-out which is nuc Df 25 practi cal
production and is also nore conpact |
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of FIG 39. Further, the enbodinment of FIG 40 differs fromthat of FIG 39
in that FI veal s ignition WO 95/ 25914 .
PCT/ JP95/ 0 3%%9‘-55‘20 _ plugs 264A and 264B (not shown in FI ETE1%8at cams
265A, 266A, 265B and 266B for driving valves are included, and that exhaust
ports..267A and 267B as wel| as intake pddtA4068A and 268B are specifically
5 illustrated. The other conponents of FIG 40 will be referred to by
"the sane references as those in FIG 39, and explanation thereof will be
"omtted here. FIGS. 41 and 42 show an enbodi nent in which the basic
structure of the enbodi nent shown in FIG 24 is 10 . used in two sets

thereby to extract outpdts fromtwo pistons conbi neg f—&%@gle
cornespond to the

crankshaft. Those conmpongnts of FIGS. 41 and 42 whi
conponents of FIG 24 are\referred to.by the sane

25—k 125b
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126~ 126b




simlar reference nunerals. 15 In FIG 41, tw cylinders 211A and
211B havin al inner dianeter and extending in the hegg :
di rection gvr@&fzggﬁed in a cylinder . block 272 surrounded bygﬁgat' radﬁ"ati ng
fins 271. . FIG 42 is a view cut along line 42-42 of FIG 41 show ng an
engi ne including a 20 cylinder 211A a4 a structure corresponding to
that of FIG 24. The other cylinder 211B al so has. the same structure. A

pi ston 212A is inserted in the cylinder 211A, and a pair of roller guide
pl ates 213A and 214A are provided 25 in an opening portion 273 open in-a
center portion of the piston 212A toward a downward direction, such that .
the plates 213A and 214A are fixed to the body of the WO 95/ 25914

PCT/ JP95/ 0084 - 61 - piston 212A by, screws with a predeterm ned di stance
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mai nt ai ned between the plates. Arotation roller 217A is inserted between
the roller Iates 213A and 214A, and the roller 217A4 |y _
i nstall ed aﬁbjbg% force point of a | ever nenber by a pin f?l/"(i;%é ﬁ'broller '
221A is installed on a pin 221cA which serves as a fulcrumfor the |ever
menber 218A. The roller 221A is retaine/@ Pdidvween a pair of guide plates
219A and 220A installed on the cylinder block 272 such that the plates 10
project into the crank chanmber 274 forned in a |ower portion of the
cylinder block 272. The roller 221A and the pair of guide plates 219A and
220A constitute a novable fulcrumregulator. A round hole 222cA which
functions as an action 15 point is formed in a md-point of the |ever
menber 218A, and a crank pin 275A of a crankshaft 275 is engaged in the
action point hole 222cA. Another crank pin 275B is also formed on the
crankshaft 275, and is engaged in an action point hole 222cB fornmed in a -

| ever nenber 218B 20 provided in conjunction with another cylinder 211B.

The crankshaft 275 penetrates through walls t he
O
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cylinder block 272 which are facing each other and form ing the crank
chanber 27 s thereby supported. A projecting shaft kshaf t
is used as"vgo?%}?sgﬁon 25 mai n shaft 277 for extracting gélc%}l}?f)’ﬁ sa;nd
anot her projecting shaft thereof is connected to a canshaft not shown and a
drive gear 282 of a starter notor througl /4QW0 95/25914 '

PCT/ JP95/ 00384 - 62 - a belt 279 and a pulley 280 as connecting conponents, -
thereby to drive a caminstalled on the canshaft. This camdrives intake
and exhaust val ves provided on the cylinder head at predeterm ned tim ngs,
thereby to 5 prosecute four processes of a four-cycle engine, i.e.,
expansi on, exhausting, intake, and conpression. FIG 43 is a perspective
vi ew schematically showi ng an enbodi nent which uses two basic structures
each corresponding to the basic structure shown in FIG 40 to
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10 obtain three rotation outputs. Therefore, those conponents which are
comon to %%Essﬁfl FIG 40 are referred to by the sane refpepidspisgser al s
and detail ed “éxplanati on of those conponents will be omtted in the

foll owi ng. 15 In this figure, a twin coaxial piston 252A is
inserted in a first cylinder 250A, and tHh¢ &0t put of the piston 252A is
extracted fromlever nenbers 256B1 and 256Al t hrough two novabl e force
point rollers 254B1 and 254A1. A ful crum at another end of the |ever nenber
20 ©  256B1 is supported by a pair of guide plates 257B1 and a roller 258B1
whi ch constitute a novable fulcrumregulator, such that this ful crumcan '
freely nove between the guide plates 258B Hheref ore, the rotation torque
of the l'ever menber 256B1 is converted inj K0 Ati on of a crankshaft
260B1, and is extracted as a first rotatit
ful crum at another end of the |ever _rrenbe 2
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WD 95/ 25914 : PCT/ JP95/ 00384 - 63 - is
supported it of guide plates 257A1 and a roller 258Al i ch

consti tut ebéo%’g%ﬁe ful crumregulator, such that this ful J%@H"aﬁ eely
nove between the guide plates 257A1. Therefore, the rotation 5 t orque of
the |l ever nenber 256Al is converted intpgr/@@tion of a crankshaft 260Al,
and is extracted as a second rotation output in the direction opposite to
the first rotation, indicated by another arrow. Another tw n coaxial piston
252B is inserted in a 10 second cylinder 250A, and the output of the

pi ston 252B is extracted fromlever nenbers 256B2 and 256A2 t hrough two
novabl e force point rollers 254B2 and 254A2. Note that the tw n coaxi al

pi stons 252A and 252B have driving phases opposite to each other and are
driven such that, 15 fore exanpl e, when the piston 252' s at a top dead
point, the piston 252B is at a bottom dead point. A supj ROi Nt at

anot her end of the | ever nenber 256B2




is supported by a pair of guide plates 257B2 and a roller 258B2 which
constitute a novable ful crum 20 regul ator, such that tRicgspésieesddm can
freely nowaosmi¥def ore, the rotation torque of the |ever nenber 256B2 is
converted into rotation of a crankshaft 260B2. Since this crankshaft 260B2
is formed to be integral with the cragWs haig 260Al1 such that these two
crankshaft main- 25 tains a phase difference of [err], outputs from -
these two crankshafts are extracted and united together as the second
rotation output indicated by the arrow. WO 95/ 25914 '
PCT/ JP95/ 00384 - 64 - A fulcrumat another end of the |ever nenber 256A2 is
. supported by a pair of guide plates 257A2 and a roller 258A2 which
constitute a novable ful crumregul ator, such that this fulcrumcan freely

oscillate. 5 Therefore, the rotation torque of the |ever nmenber 256A2
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is converted into rotation of a crankshaft 260A2, and is extracted as a
third rotation output indicated by another arrow of the sapprdbdspeission as
the arrow MOPREWi rst rotation out put. 10 - The above enbodi nents
are exanples in which recip- rocal notion of a piston is transmtted to - a
crank device through a lever device of | pa@bl e outer fulcrumtype and is
then éextracted as a rotary notion froman action point at a m d-point of
the | ever nenber. If the 15 | ever menber of this |ever device is '
extended fromthe position of the novable outer fulcrumand a novable
action point regulator consisting of a pair of guide plates and a roller is-
formed on the top end of the extended | ever nenber such that, for exanple,
a piston 20 of a punp is recEprocated by the action’ point regul ator,

FIG 44 is a view scherratically:i owi.ng the st

an engi ne as stated 25 aboveé:: Re¢i procal
inserted in a

mechani cal outputs of two diffe=gnt types can‘?g|ag!.g§ked from one engi ne.

0 f an exanpl e of such
\) ﬂ“ a piston 291
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cylinder 290 having the same structure as in FIG 24 is transmtted to a

| ever nmenber 293 through a force point WO 95/ 25914

PCT/ JP95/ 00W9252594 _ [equl ator consisting of guide plates DE¥INH8%91

and a roller 292, and is then converted into rotary notion of a crankshaft, .

295 connected to an action point 294. Apgthgb end of the | ever nenber 293

IS supported by a 5 novabl e ful crum regul ator consisting of a pair of

gui de plates 296A and 296B and a roller 297..This end of the |ever nenber

293 is further extended, and a roller 298 is rotatably secured to the

extended end of the | ever menber 293. This roller 298 i.s inserted between a

"gui de 10 pl ates 299A and 299B,. t hereby functioning as an action point

regul ator. The pair ¥ guide plates 299A and 299B are forned gg be

in ral with h r an r [ n whi ch weci pr W t hin
tegra th eag otFP'e adguzaeused a%%pgto | C 2ecp )ate§ t

a cylinder 300.
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This structure therefore can be used as a punp, for 15 ~exanple. In this
structure, reciprocal notion of the piston 291 is transmtt?g,r}é'%&o ank
devi ce 295 W% B’H“t he | ever device 293 of a novabl e outer & ype and
is then extracted as rotary notion fromthe support point 20 294 at a
m d-point of the lever member 293. Furtdrgy.4@ novabl e action point

regul ator consisting of a pair of guide plates and a roller is forned on
the extended top end of the | ever nmenber such that a piston of a punmp is
reci procated by the action point regulator. Therefore, 25 mechani cal
outputs of two different types can be extracted fromone engine. In the
enbodi nent of FIG 41, reciprocal. notion of WO 95/ 25914 '
PCT/ JP95/ 00384 - 66 - two pistons respectively inserted in two cylinders
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arranged in parallel with each other is transmtted through | ever devices
of a novable outer fulcrumtype to crank pins which have diplchrapssosgsot ati on
phases and V43 /25914 connected with one single crankshaft, thereby to-
extract one single output. However, two cylinders may be arranged apart
from each other and one single output ) /¥D extracted from between the
cylinders in a manner different fromthe enbodi nent of FIG 41. 10

FI G 45 shows an exanple of such a different manner. 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. Aroller 307 is
inserted between the guide plates 305A and 15 ~ 305B, and this roller 307
is rotatably secured to a force point of a first |lever nenber 308. A
roller 309 is inserted between the guide plates 306A and 306B, and this
roller 309 is rotatably secured to a force point of a second |ever nenber

310. 20 Rol l ers 311 and 312 are respectively secured to support
poi nts of other ends of the | ever nmenbers 308
| 2l7c
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and 310. These rollers 311 and 312 are respectively inserted between a
pai r of guiWeoghaiss 313A and 313B and between a pair of gupgfnkas®ms 314A
and 314B, and 25 are thereby supported. In FIG 45, when the pistons 303
and 304 are pressed downwardly in the cylinders 301 and 302 by WO

95/ 25914 - 22/40 PCT/JP95/00384 - 67 -
expansi on of a conbustion gas, the notion of these pistons are transmtted
to the |l ever nenbers through novabl e force point regul ators. consisting of
gui de pl ates 305A, 305B, 306A, and 306B and rollers 307 and 5 3009.

Si nce support points of the |ever nenbers 308 and 310 are respectively
supported by novable outer fulcrumregulators consisting of the roller 311
and the pair of guide plates 313A and 313B as well|l as the pair of guide

pl ates 314A and 314B, linear notiop,of the pi¢$tons 303
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10 and 304 are snoothly converted into rotary notion of a crank pin 316
of a crank o. Al of the above enbodiments relate tG@ypssh tus
for converzyéagﬁﬁﬁheen rotary notion and |inear recipro- ch nDtlgﬁéaThe
present invention, however, may apply 15 to an apparatus for directly
converting rotary notion into a reciprod /4@ ion of a | ever nmenber, as
explained in the follow ng enbodinent. FIG 46 shows an exanple of the
~apparatus. In this figure, rotation shafts 320 and 321 are respectively 20
connected to an electric notor through power transm s- sion mechani sns not
shown and are thereby driven to rotate. The rotation shafts 320 and 321 '
have ends rotatably connected by .arns 322 and 323 to | ever nmenbers 324 and .
325 at positions apart by a predeterm ned dig- 25 ‘tance from ends of
these | ever nmenbers. QQgr ends of ,the rotai(N1fhaI s 320 and 321 are

rotatably connected thrqgg: ar to\l evey nenbers| 326/ andy 327 at positions
Y ' S
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WD 95/ 25914 : PCT/ JP95/ 00384 - 68 -

apart by angfedeternlned di stance from ends of these:|ever ﬂ@ﬁhg Ho3ss0l | ers
328 and 32V2¥*PH at abl y secured at ends of the:-lever nenbers 4 and 325,
thereby to constitute 5 novabl e fulcruns. The roller 328 is rotatably

and rmovably supported between two paral |22 /gg de plates 330A and 330B,
while the roller 329 is rotatably and anany supported bet ween two
paral | el guide plates 331A and 331B. All of these conponents are contai ned
in a casing 10 332 of a rectangul ar parallel epi ped except for |ever
menbers 324 and 325. Conponents relevant to the other |ever nenbers 326 and
327 are also contained in the casing 332. In addition, the |ever nenbers
324, 325, 326, and 327 are forned |like a flying object, e.g., 15 W ngs
of a dragonfly. In this structure, when rotation shafts 320 and 321 are
rotated by supplying a power to an electriqg notor

s,

2l7¢

27

FI1G

221c



not shown, the | ever

t he axes q&ogggﬂﬁgllers 328 and 329 20

Si nce the rol
t he gui de plates 330A and 330B

rotation shafts 320 and 321 are srmoot hpH /bBverted into reciprocal

of the | ever 25 menbers 324

tion of the |ever

PCT/ JP95/ 00384 - 69 -

menbers 324 and 325 are recipro- cally rotated around
shafts as cent erpcTip9s00384 i ons.
€rs 328 and 329 are rotatably and novably supported between

as well as 331A and 331B, rotations of the
noti on
and 325. The angle of the reciprocal rota-

menbers can be changed in accordance with a di stance
between fromthe force points to the
novabl e fulcrumrollers 328 and 329 as wel |

WD 95/ 25914

as the

sizes of arns 3 ﬁnd 323, so that the angle of flapping notion of w ngs
324 and 325 as t ever menbers can be changed. The other pair of w ngs
0l

326 and 27 can

driven in the same nmanner.
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As has been descri bed above, according to the present invention, it is
possi bl e t gygyspXéde an appara- tus for conversion between ipiraposoasdsi on and
reci procal notion which enables reduction in energy | osses when 10

reci procal notion of a piston of a two-_or four-cycle engine, for exanple,
is converted into rotary motion, redu@®ohd® size and/or weight of the
engi ne, and further reduction in weight by formng the engine with

ceram Ccs. 70 Substitute sheet - 13 Novenber 1996 CL Al MS 1. An
apparatus for nutual conversion between circular notion and reciprocal
nmotion, conprising: a |lever nenber having a fulcrumas well as an 5

action point and a force point one of which is rotatably nounted at a point
on a line connecting a rotational center and a circunference of a rotary

body, the action - y o :
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<
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point or force point being provided wwth a first regulator and the ful crum
regul ator for functioni gTiIpesdodsaLr um as

bei ng proviydsesabish a second 10

a novabl e ful crum wherein the first

regul at or

is coupled t

0O a

reciprocating body, and the first and second regul ators each guiding a
roller pivoted to includes menbers for27/40 -

15 poi nt

direction of the |ever
bet ween circul ar notion and reci procal
' having a fulcrum as well

20 a |l ever

menber. 2.

nmenber

not i on,

on

nut ual
conpri si ng:
as an ac

e of the force

action point and the fulcrumto be novable in a | ongitudinal
An apparatus for

conver si on
a rotary body;
tion point and a

force point one of which is rotatably nounted at a point on a |ine

connecting a rotati
of the action poin

regul ator and the 1
functioning the ful

onal center and a circunference of the rotary body, one
and the force point being provided with 25 a first
ul crum being provided wth alN§€RN“LreQUIaUWTéﬁ”
crumas a E%%YﬁETIONAL ;ULM%%UM FULCRUM
EnerNE ANISM | Z_ ENGINE
INDICATED 2358. 0 |2402. 4 |2402. 4
POWER (PS) 80. 17 81. 68 81. 68
41 SIDE THRUST
| S| OUTPUT _ v
| ROSS @A) 438. 0O 207. 8 66. O
S
S| OTHER OUTPUT
% LOSS 8 77. 35 77. 35 77. 35
EFFECTIVE () 1842. 7 2117. 3 22590. 1
OUTPUT (PS) 62. 65 71. 99 . 76. 81
(kgf. m) 14. 96 17. 20 18, 34
FLYWHEEL 17. 43 0. 0 . 0.0
LOSS ) 0. 59 0. 0 0. 0
COUNTER - 4 20 '
WEIGHT 0. 49 8. g 'g. 0
LOSS - - - 0
ACTUAL @ |1811.0 |2117.3 |22509. 1
EFFECTIVE (ps) 61. 57 71. 99 76. 81
OUTPUT gt 14. 71 17. 20 18. 34
INCREASE RATE OF ' -
ACTUAL EFFECTIVE[ '~ ©F 17 1. 25
OUTPUT (0. 8O (0. 94) (1. OQ)
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novabl e ful crum and 71 Substitute sheet- 13 Novenber 1996 a

reci procati Qﬁg 40 which one of the action point and the nt
provi ded mﬁpﬁ) #lrst regul ator is coupled; wherein the ff%gPﬁgﬂgggecond
regul at ors/inctudes /guide /guiding a roller pivoted to 5
guide nmenbers for /- one of the force a®Ba4@on points and the fulcrumto
be novable in a longi- tudinal direction of the |ever nenber. 3. An

appar atus for nutual conversion between circular notion and reciprocal
notion, conprising: 10 ‘a rotary body; a | ever nenber having a
fulcrumas well as a force p0|nt and an action point which is rotatably
nmounted at a.point on a line connecting a rotational center and a

circunference of a rotary body, rce po i ng
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15 provided with a first regulator and the ful crum being provided with a
second -r egUhgleQbseipr functioning the fulcrumas a nmovabl e fpggipdsmbesand a
reci procating notor to which the force point provided with the first

regul ator is coupled; 20 wher ein the first and second

regul at ors/incl udes / gui de 20V#ABg a roller pivoted to nenbers
for : the force point and the fulcrumto be novable in a

| ongi tudi nal direction of the |ever nember. 4. An apparatus for nutual
conversi on between 25 circular notion and reciprocal notion, conprising:
a rotary notor; and. a | ever nmenber having a fulcrumas well as a force

72 Substitute sheet - 13 Novenber. 1996 point and an action point which is
rotatably nmounted at a point- on a line connecting a rotational center and a
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circunference of a rotary notor, the action point being provided with a
first reguksag ¢dasgad t he ful crum being 5 provi ded wi th a ravpvsiossigul at or
for functioning the fulcrumas a novable fulcrum and the action point
provided with the first regul ator belngﬁgoupled to a reciprocating body of
a reciprocated nmachine; 'each wherein /A0 st and second.regul ators

I ncl udes gui de guiding a roller pivoted to the 10 nmenber s
for action point and the fulcrumto be novable in a | ongitudinal
direction of the |lever nenber. 5. An apparatus for mnutual conversion

bet ween circular notion and reciprocal notion, conprising: 15 . a
rotary body; and a lever nenber having a fulcrumas well as a force point’
and an action point which is rotatably nounted at a point on a |line

connecting a rotational center an ci rcunference of e rotary body, the
~force point being 20 pr o \tth a first regulatqr jand the ful crum .
being o4 2458
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provided with a second regulator for functioning the fulcrumas a novable
ful crum whes 94a%9igre force point provided with the first ragmoiosss
coupled to a piston of a reciprocating 25 @ notor, the piston is novably
nounted in a cylinder, the cylinder has inlet and exhaust units of a power
gas at each of two ends thereof, and thg|#i4@t and second [err] guiding

-a roller /each has guide regul ators menbers for force point
and the fulcrumto be novable in a longitudinal direction of the |ever
menber. 6. An apparatus for nutual conversion between 5 circular notion

and reciprocal notion, conprising: a rotary body; and a | ever nenber having
a fulcrumas well as a force :
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poi nt and an action point which is rotatably nounted at a point on a line
connecti ng avd o§bisonal center and a 10 ci rcunference of

body, the force point being provided with a first regulator and the ful crum
being provided with a second regulator for functioning the fulcrumas a
movabl € ful crum wherein the force poi nB2pf &40 ded with the first 15
regulator is coupled to a piston of a reciprocating notor, the piston is
novably nmounted 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 /each
has guide first and second regul ators menbers for guiding a
roller pivoted to 20 ~ the force point and the fulcrumto be novable in
a longitudinal direction of the | ever nenber. 7. An apparatus according to
claim®6, wherein said inlet and exhaust units have val ves for _
openi ng/ cl osing inlet apd _exhaust holes of said cylinder, operating arnms 25
coupled to said val ves,| a driving units for driving
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sai d val es through said operating arms, said operating arnms have force
poi nt regul wbesasaapupl ed to said driving - [err] units, ach&firdaoizk

regul ators coupled to said val ves, and novable fulcrumregulators, and said
force point and each has second gui de anagi ful crum regul at or s/ have
menbers for guiding a second roller pidﬁﬁé -60 force point .and the novabl e
fulcrumto be 5 novabl e in a longitudinal direction of said operating
arnms. 8. Aradial engine including a plurality of basic engine units
radi al |y arranged around an output axle, each of the units being provided
for mutual conversion. 10 bet ween circular notion and reciprocal notion,
each of said basic engine units conprising: a rotary body connected to.the

out put axl e; '
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a reciprocating notor including a cylinder. having first and second end
portions eagipoahsdthpi ch has inlet 15 and exhaust units of parfploesaas and
an ignition unit, and a piston body having two piston nenbers inserted in
the cylinder to face with the first and second end portions; and a | ever
menber having a fulcrumas well as a fd4¢ 40 poi nt. and an action point
which is rotatably nounted at a point on a |line connecting a rotational
center and a circunference of the rotary body, the force point being
provided with a first regulator and the ful crum being provided with a

second regul ator for functioning the 25 fulcrumas a novabl e ful-crum
wherein the force point provided with the first regulator is coupled to
sai d piston body of the [err] reciprocating notor, the piston body is

novabl y nount ed
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in said cylinder, and the first and second regulators guiding a roller

pi voted to woemsesa4for/the force point and the ful crumto bBRCIVERISIoDI84i N a

| ongi tudi nal direction of 5 the | ever nenber. 9. An apparatus for mnutual
conversi on between circular notion and reciprocal notion conprising a |ever
menber having a first regul ator provi dedﬁf&ﬁ) end of the l'ever nmenber for
functioning as a force point or an 10 - action point, a second regul at or
provi ded at another end of the |ever nmenber for functioning as a novabl e
fulcrum and a portion between both of the ends func- tioning as an action
point or a force point rotatably and axially secured at a point on a line
connecting a 15 rotation center of a rotary nenber and a circunference
of the rotary nenber, wherein a reciprocal notion nenber is connected with
the first regulator, and the first- and secon@|f&gul atorsL has guide
guiding a roller pivoted to nenber for anabI7/the force
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20 or action points and the novable ful crumsuch that the force or :
action poi mvoosnash1k he novabl e ful crum are novabl e i n a | engbbrinms/oeliss ecti on
of the lever nmenber 10. An apparatus for nmutual conversion between circular
notion and reci procal notion conprising, .25 - a rotary nenber; and a
| ever menber having a first regul ator %@W’(Qad at an end of the |ever
menber for functioning as a force point or an action point, a second
regul at or another end of the | ever nenber for functioning as a novabl e
fulcrum and a portion between both of the ends functioning as an action
point or a force point rota- 5 tably and axially secured at a point on a
| ine connect- ing a rotation center of the rotary nenber and a

circunference of the rotary menber, whgjein-each hasNgui de the first and
second regul ators . ‘.’Q%\ < |
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/guiding a roller pivoted to nenbers for novably the force or
action 10 woahkf1g and the novabl e ful crum such that- the feeggpofoossati on
poi nts and the novabl e fulcrumare novable in a | engthwi se direction of the
| ever menber. 11. An apparatus for nutual conversion-between circul ar
notion and reciprocal notion conprising371540 . arotary nenber; a

| ever nenber having a first regulator provided at an end of the |ever
menber for functioning as a force point or an action point, a second

regul ator provided at another end of-the | ever nenber for functioning as a
20 nmovabl e ful crum 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 center of the rotary nmenber and a

circunference of the rotary nenber; and 25 a reciprocal notor
connected with the first regul$§ or @wherein each has guide
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the first and second regul ators have support 77 Substitute sheet - 13
Novenber 19%@9sgseding a roller privoted to nenbers for pepupdsloysss t he
force or action points and the novable ful crumsuch that the force or
action points and the novable ful crumare novable in a | engthw se direction
of the lever nenber. 5 12. An G9a40us for nutual conversion
between circul ar notion and reci procal notion conprising: a |lever nenber
having a first regul ator provided at an end of the | ever nenber for
functioning as an action point, a second regul ator provided at another end
of the 10 | ever menber for functioning as a novable fulcrum and a
portion between both of the ends functioning as a force point rotatably and
axially secured at a point on a line connecting a rotation center of a
rotary nenber and a C|rcunfeﬂbnceemﬁ the rotary nenber; and

1
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15 a rotary notor having an output shaft connected with the force
poi nt, wherwiowst2ss4f i rst regul ator is connected with a reci pcogpdsgomach has
notion nenber, and the first. and second regul ators /aui de gui di ng
a roller pivoted to nmenbers for nnvablyé ;p force or 20 action points
and the novabl e ful crum such that the f 9 éﬁgr action points and the
novabl e ful crum are novable in a | engthwi se direction of the |ever nenber.
13. An apparatus for mutual conversion between circular notion and

reci procal notion conprising a 25 rotary nenber and a | ever nenber
having a first regula- tor provided at an.end of the |ever nenber for
function- ing as a force point., .a second regul ator provided at anot her

end of the | ever mewser for fupe++en

poi nt between both of {he

ing as a novable fulcrum and a mddle

(a)
(b)




ends functioning as an action point rotatably and axially secured on a line
connecti ng r tion center 5 of the rotary nenber and I ﬁ& rence
of the rotd@?gﬁ%ﬂ%%r, wherein the first regulator is connecﬁgﬁM&ﬁﬁ

pi ston of a reciprocal notion nmotor, the piston is novably nmounted in a

- cylinder, the cylinder has ends respectgsﬁ}qcpo provided with an

i ntake/ exhaust device for taking in/exh ting a power gas, and the first
and second guiding a roller pivoted regul ators menbers for novably the
force point and the novabl e ful crum such that the force point and the
novabl e ful crum are novable in a 15 | engt hwi se direction of the |ever

- menber. 14. An apparatus for nutual conversion between circular notion and
"reciprocal notion conprising a rotary nenber and a | ever nmenber having a
m ddl e point for functioning as an action point rotatably and axially 20

~secured on a line connecting a rotation center. of the rotary nenber and a
circunference of the rotary nenber
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a first regulator provided at an end of the |ever nenber for functioning as
an aQtion point, and a second regula- tor provided at another end of the

| ever menber for 25 functioning as a novable fulcrum wherein the first
regukator is connected with a piston of Eprsé!hsrtl’t'étﬁa$hentt-|b3lember 1986
piston is novab| nDunted in a cylinder, the cylinder hmvé ends R
respectively pr nu"ﬂ“ take/exhaust devi ce for taklhg ,

i n/ exhausting: d ignition device, and the /; each ﬁFE ded@Qn .
first and second regulators gegbe for /guré?ﬁg_a rolter - i
pivoted to 5 novabl y/ the actlon porﬁt a HeSnovabl e rurcrunrsuch “that

h d
i rection of the | ever trenbis SeRBrERES o BRh, BER4F o SntFeaiofoRrerers,

bet ween

circular motlon and reciprocal motion, comprLSLng:
a lever member having a fulcrum as well as an
5 action point and a force point one of which is rotatably
- mounted at a point on a line connecting a rotational
center and a.circumference of a rotary body, the action
point or force point being provided with a first
regulator and the fulcrum'being provided with a second

10 regulator:for functioning the fulcrum as a movable
fulcrum,

wherein the first regulator is coupled to a
reciprocating body, and the first and second regulators
feach  /guida {guiding a roller pivoted to

Liﬁc-:m}&;a-p-peat members foréo;ppt’_-_n_hg#cm—em

15 point e action point and the fulcrum to be movable in a
longitudinal direction of the lever member.

2. An apparatus fof mutual conversion be.ween
circular motion and reciprocal motion, comprLSLng

a rotary body;

20 a lever member having a fuicrum as Qell as an
action point 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 rdtary body, one of
the action point and the force point being provided with

25  a first regulator and the fulcrum being provided with a
second ;egulator'for functioning the fulcrum as a |

- 'movable fulcrum; and



10 circular motion and reciprocal nmotion, according toliclaim 3}45 Nmpggn h

t he i ntake/ exhaust device conprises val ves for opening/cl gsPetg:.i.ril-et--an
outlét ports of a—cylinder, an action armconnected to thesvarves, and a
drive, device for driving the valves thr odySubssitute sheeti513 Nevembehd 996
actien armhas a fﬂm lmll Jm Hm tor con- nected to the driving device,
an action point r 4 My abl e ful crumregul ator both connected to
t he val ves, and the force point regulator and the novable / each has
second gui de . [ .qui di ful grum_ re ors , .nmenbers
for movably/ / second Foﬁ%&lﬂﬁquﬁéggt%°§% o Whic ﬁ@efggtg%ﬁopﬁﬁlgﬁd t he
novabl e ful crumi l.engthwi,se directi of .. the J ever. er...16. An
apparatus for nut %gﬁ'ngo%ﬁgho%nf%erf:\%eér??'@itr(?lﬂogt"d iw&ﬁﬁgﬁglergd‘irﬁrtocal
notion conpri sing: neG I hi.@n notor "having a cylinder, a 25

pi ston novably ingggiué%ct:o?t%gcgy |lr? ér, intake and exhaust dgghegs for

taking.in and exhausti Agekefiveen@AF1RERY adR0 RN Retidsalst TacTidegder -
and an ignition y ui {guiding 3 roller pivoted to
] 7&%:5%%;# members for/supsewsing one of the force and

action points and the fulcrum to be movable in a longi-
tudinal direction of the lever member.
3. An apparatus for mutual conversion betﬁeen
circular motion and reciprocal motion, comprisingﬁ
10 | a rotary body;
a lever member having a fulcrum as well as a force
point and an action point which is rotataﬂly mdunted at
a point on a line connecting é rotational center and a
circumference of a rotary body, the force point being
15 provided with a first regulator and the fulcrum being
provided with a second regdlator for functioning the
~ fulcrum as a movable fulcrum; and
a reciprocating motor to which the force point
provided.with the first regulator is coupled;
20 wherein the first and second regulatoégfggéludq;
/ i {guiding a roller pivoted to
[@ aﬁ#& members forzappg-—om and the
fulcrum to be movéble in a longitudinal direction of the
lever member. |
4. An apparatu§ for mutual conversion betweén
25 circular motion énd reciprocal motion, comprising:
a rotary motor; and. |

a lever member having a fulcrum as well as a force



a plurality of rotary nenbers; and a plurality of |ever ne'ggﬁﬁggaohﬁhawung
a md-point functioning as an action point rotatably secured on,a Lh.ew_ﬂ
connécting a rotation 5 center and a circunference of eﬁch«o?“tﬁé rb@%ry
nmenbers with eammﬂm ﬁlml regul at 62 Substitytaisheetan13Novamber 1986¢r
menber for fun I TW ":lm:e poi nt, and a second regul ator provi ded at
anot her end of the “ eter"metrber for functioning as a novable ful crum
wherein the first and second regul ators each has gui de nenbers for 10
guiding a roller pivoted to the force point and the fulcrum and the first
regul ators are comfddtte @ ahackilenopodnt; mhickcilsr 5040 tablyomonated sfch
that the first requl ators are arranged symetrical to each other. 17. An
apparatus for nut FalP%dHy &%t %@@He&trlé’@l & TRbetdAnRLd CraLRSr 404 2
noti on conpri si ng: first and _second reciprocal .notion

15 : .
each having a cyHqﬁkgHmﬁfﬁﬁggﬁoﬁfievéﬁl Y I&-P&d TS RETOR ﬁ&éﬂgp&%%éﬁk
and exhaust deV|c§%4%%%#ng%% gﬂf?S%te§h%%gébggegnéu%heg%ﬁlgggw1ggidg'

bot h ends of the _ iti
5 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 boedy of a reciprocated machine;

[each
wherein the first and second regulatorsZincludq;

fguide w@mﬁﬁ
10 /3 € members fqrmaction point an e
- fulcrum to be mqvable in a longitudinal direction of the.
lever member. '
5. An apparatus for mutual conversion bethén
circular motion and reciprocal motion, comprising:
15 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
20 = provided with a first regulator and the fulcrum being
provided with a 53cond 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
25 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 first and second



first, second, and third rotary nenbers; 20 first
havi ng a m d- poi nt—functioning—as—an action point rotata
| i ne”connecti ng a and a circunference of
menmber, a first Lﬂllﬁ llﬂ)mﬁm,H!H at an/3rRHRstituirshester
functlonlng as a force pol m, sand a'second regul ator provided at anot her
end of the | ever menber for functioning as a novable ful crum second

I'ever nenber having a m d-point Lunctlonlng as an actzf
d I t

secured on 5 |1 e e eSS Gy 2

| ever member for {4l | 904 &% JAIE & PP o eaﬁ{ecaonﬂorg%ﬁgé;o'e

provi ded at anot ever er for TuhctTonl ng nova

fulcrum and tm'&&fﬁEkiéH” f Y Ye J%ﬁﬂﬁgﬁbé?ﬂﬁlhaVIng a 10 m d- poi nt

functioning as an action p0|nt rotatably secured on a line connecting a .
rotation center and a g, an apparatus for mutual conversion between

S circula;'motion and reqigrocal motion, comprising:
a rotary body; and |
a levér 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 rétational center and a
10 Circumference bf 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;
wherein the force point provided with the first
1S requlator is coupled to a piston of a reciprocating
motor, the piston is movably mounted in a cylinder,"éhe
cylinder ha§ ialet and exhaust units 6f é fuel gas and

an ignition unit at each of two ends thereof, ‘and the

each _has guide
-first and second regulators \ members for

{guiding a roller pivoted to
20 (Sepposiving the force point and the fulcrum to be movable

in a longltudlnal d;rectlon 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

- 25 coupled to said valves, and driving units for driving
said vales through said operating arms, said operating

arms have force point regulators coupled to said driving



circunference of the third rotary nenber, a first regulator provided at an
end of the |ever nenber for functioning as a force point, and a second
regut ator 15 provided—at—anot her end of the | ever nmenber for func-
tioning as a nova i i n t h24fSubstituteysiheator $3 Moveambenh1B86and. -
fourth Iever ”e”bgmmmﬂlmummﬁl y connected to the pistong:;of the:first:
and second reci procal cnoti oh nbt drs such that the 20 first re I\H9f$wm H
are arranged synmretrical to each other, that the first reguﬁqk@igﬁbjﬁrhéﬁﬂ!“ui
first and second | ever nenb i =

the first and sedﬁ%ﬂt}:sr'ecch'?’d’é’alpq’n‘ﬂq Fegvdasosrs srupdrat tonsaid Malues.
second rotary nenbeys are rotated in a reverse 25 direciion in . :
synchroni zati on % WQﬁéa#ﬁr LRI ¥ g sygangd, Sz |é§r e RALnkiand
conver si on bet ween cirgul ar notion andws A | si ng:
movable "fuldtum regdlators[-

uiding a second roller ivéted to _
[ seppouiing the force point and the movable fulcrum to be

5 movable in a longitudigal direction of said operating
arms. | |
8. A radial engine including a plﬁrality of basic
engine units radially arranged aroﬁnd an output axle,
each of the units being provided for mutual conversion.
10 between circular motion and reciprocal motion, each of
said basic engine units comprising:
a rotary body connected to the output axie;
a reciprocatiné motor including a cylinder having
first and second end portions each of which has inlet
15 . and exhaust units of a fuel gas and an ignition unit,
and a piston body having two piston members inserted in
the cylinder to face with the Jirst and second end
portions} and
a lever member having a fulcrum as well ‘as a'force
20 - point and an action point which is rotétably mounted at
a point on a line connecting a rotational center and.a
circumference of the rotary body, the force point being
proQided with a first regulator and the fulcrum being
provided with a second gegulator for functioning the
25 fulcrum as a movable fulcrum;
wherein the force point pfovided with the first

regulator}is coupled to said piston body of the

ers are respectively connected ta-the=pistons-of =



a +yotary nenber; and a | ever nenber having a first regul ator provided at an
.end of the | ever—nenber—for functioning as a force 5 poi nt, a second

regul at or per nd of the | ever nmenber for functi a
- novabl e ful crlu mﬂmm“ammmgmm nt bet WSeBubstitutershest - dibove rohéﬁ a5
a

~an action point*rotatablw and+*axially secured on a |line m’ﬁ'&f’kn o
rotation center of the rotary nenber and a 10 ci rcunf ‘r‘f&é‘“vvﬁerﬁ tga
first regulator is connected with a piston of a reciproc ti ot Brrdiler 9 ,,,,,,
the piston is novably nmounted in -a cylinder, the cylinder LITAS Bids: ;'.;_,__ N
respectively pr cﬁﬁ%%ﬁ‘h‘-% mMa%CAkee togh AiSt e Bady i m mpunted
I n/ exhausting a power, the fi rst and second

regul a- /each y;k
menbers / gui de 13; ﬁg-’t‘w@?'o [5'6‘1 RS de‘-‘.?

that the force ermableﬁf(9 i

direction of th (me

regul ator funct Itcixné nﬂ.\fcs.. W Ctb e %.T'L a lcngxtudxna" direction of

§ - the lever member.
9. 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 2 force point or an
10 action point, a second regulator provided at another ead
| of the lever member fo:.functioq;ng as a ﬁoveble |
fulcrum, and a portion between both of the ends func-
~tioning as an action point or a force point rotatably
and axially secured at a point on a line connecting a
1s rotation center of a2 rotary member end 2 circumference
of the rotary member wherein
a reciprocal motion member is connected w.th the
first regulator, and the first and second’ reguiéggggl
Lw-;p-b member for movW
20 or action points and the movable fulcrum such that the -
force or action points and the movable fulcrum are
movabie in a lengthwise direction of the lever member.
.10. An apparatus for mutual eonve:siqn between
circular motion and reciprocal motion comprising:
25 ' a rotary member; and :
a lever member having a first :egﬁlator provided at

an end of the lever member for functioning as a force



-a line extended fromthe end functioning as the novable fulcrum said third
‘regul ator being connected io dareci procal notion nenber of a reciprocal

ot onand. eci pi AR HERMFTNIRAMR : ' e SSBsRbtecthest - R‘e?fmwc.“.*'efﬁ__ﬂ

"having a first reful@tdr Pro¥ided at an end of the | ever ¢ 83
Substitute sheet - 13 Novenber 1996 functioning as a forc p0|nt "2 seéond |
regul ator pro- vided at another end of the |lever nmenber f rgiynﬁkﬁ“HUth%ﬁgn

ble ful d a mjdd] b b
as an act on Séfﬁkﬂﬂﬁ;ﬁ Ay Se54%8' Bo18F, 2R §egBhdl, BnoblSESF, REOLNREcPEng —

d h
Firet regul ator PECEHHE A %ﬁ?tﬁg”?§%8%2msﬁb§%$§9ra TR
Motion motors, eqefysH1d %ll@r%ho,”%né“é BBYeRLY bBERELAIbbEno?Y khBdghas! Ne

cyl i nder

am

functioning as an action point or a force point rota-

5 tably and axially secured at a point on a line connect-
ing a rotation center of the rotary member and a
circumference of the rotary member, wherein

fgach has guide,
the first and second regulators

{guiding a roller pivoted to
members for movably /ewssewsens the force or action
10 points and the movable 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 motion and reciprocal motion comprising:
15 a rotary member;
a lever member having a first regulator providéd at
an end of the lever member for functioning as a force
point or an action point, a second regulator provided at

another end of the lever member for functioning as a

20 movable fulcrum and a portion between both of the ends

et

functlonlng as an action point or a force point
rotatably and axially secured at a point on a line
‘connecting a$roté£ion center of the rotary member and a
circumference of the rotary member; and

25 a reciprocal motor connected with the first

egulator, wherei . ,
regu reln /each has guide

the first and second regulators QdiifwShERoki.



10 has ends both respectively provided.w th intake/ exhaust devices for
t aki ng i n/ exha | —gas, .and that / each has guide the first and
second regul ators ers far |d|ng aroller pivoted to
movably the for E|\||n\umsm|\|ﬂ.'ﬂ movabl &7 SHubstiite tieatisal 3 Neverhero 1996 ot
and the novabl e | uns are.movabl e in a I engthw ge-direction of .fhe
| ever nember. 20. A flying nenber conpr|5|ng a pluralitly of

each incl udi ng por- t|o AG L ) f,a flying -Wﬁﬁé’

20 first regulato ;‘.< 1 2o | ever Dats e LR

functioning as 39 5 Fermr-Yangreacn RS 5OF58n bé?ﬂﬁéﬁlthe end

and anot her end e.leaever r fun t| n Or&,

rot at ably securgg ongé §h§h€g§§ggkﬁﬁ IFE g%h qH?er qe J%otary
nmenber and a ci iy ’Ifo?{ ?féefno@% & Fu %E:‘?:uﬁ\r TpTe[=Te N tyd cal

w th each other a plurali ary nmenbers havi ng out put sha t's

lengthwise dLreCulon of the lever member.

W

12. An apparatus for mutual conversion between
circular motion and reciprocal motion comprising:

a lever member having a first reguiator provided at
an end of the lever member for functioning as an action
point, a second regulator provided at anoﬁher end of the
10 lever member for functioning as a movable fulcrum, and a

portion between both of the ends functioning as a force
point rotatably and axially secured at a point on a line
connecting a rotaﬁion center of a rotary member and a
circumference of the rotary member; and
15 a rotary motor having an output shaft connected

with the force point, wherein

the first regulator is connected with a reciprocal
motion member, and the first and second regulﬁé%%%*%gha-
fquide /sm.x.ns.gﬁl.mmm.mh

/S4ppasi. members for mova y/ Gleppasidad. the force or
20 action points and the movable fulcrum such that the

force or action points and®the movable fulcrum are
movable-in 2 lengthwise direction of the lever member.
13. An apparatus for mutual conversion between
circular motion and reciprocal motion comp:ising a
25 rotary member and a lever member having a first regula-
tor'provided at an end of the lever member for function-

ing as a force point, a second regulator pfov;ded at



respectively connected to the force points; nmeans for driving the plurality
of rotary nenber—-n-synchroni zati on with each other, wherein / each has
guidé the first a ond regul ators / 8uiding roller pivoted to
nmenbers for mvab”ﬂ‘}i@%‘mwmguﬂul cr uné8s8Khsttyte shaet 1+ dgNovember §_9&Ge
movabl y support ed direction of the Iever nenher:s: -

.16 NGV e

another end of the lever member for functlonlng as a

movable fulcrum, and a middle point between both of the
ends functioning as an action point'rotatably and
axially secured on a line connecting a rotation center
S of the rotary member and a circumference of the rotary
member, wherein
the first regulator is connected with a piston 6f a
reciprocal motion motor, the piston is movably mounted
in a cylinder, the cyiinder has ends respectively
10 | provided with an intake/exhaust device for taking
in/exhausting a power gas, and the first and second
1595.@.9;_99.\.@ + / guiding a roller pivoted
regulators W members f’o%ﬁr%'ﬁm
/%ﬂ%'force point and the movable fulcrum such that the
force point and the movable fulcrum are movable in a
15 lengthwise direction of the lever member.
l4. An apparatus for mutual conversion between
circular motic. and reciprocal motion comprising a
rotary member and a lever member having a middle point
for functioning as an action point rotatably and axially
20 secured on. a line connecting a rotation center of the
rotary member and a circumference of the rotary mehber,
a first regulator provided at an end of the lever member
for functioning as an action point, and a second regula-
tor provided at another end of the lever member for
25 functioning as a movéble fulcrum, wherein
the first.regulator is connected with a piston of a

reciprocal motion member, the piston is movably mounted



10

15

20

25

| 79 Substitute sheet - 13 _November 1996 ..
A i

ll

in a cylinder, the cylinder have ends respEttlveLy

provided with an intake/exhaust device for taking

in/exhausting a fuel gas and -an ignition device, and the
/ each has guide

'flrst and second régulators / Addaebpnass members for

/sagifgw
movably /seppeseine the action point and the movable

fulcrum such that the action point and the mowvable
fulcrum 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 comprlses

valves for opening/closing inlet and outlet ports of a
cylinder, an action arm connected to the valves, and a
drive device for driving the valves through the action
arm, the action arm has a force point regulator con--
nected to the driving device, an action point reguiatsr
and a movable fulcrum regulator both connected to the

valves, and the force point regulator and the movable

/ each has second / quiding a
fulcrum rm‘w members for movably/
/ second roller pivoted to .
AEES;EEEEE;TEEéL?E?éEEEBint'and the movable fulcrum in a

lengthwise direction of the lever member.

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

a reciprocal motion motor 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
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a plurality of rotary members; and o
a plu_rality of lever members each having a mid-point functioning
as an action point rotatably secured on a line connecting a rotation
center and a circumference of each of the rotary members with each
other, a first regulator provided at an end of_‘t_he lever member for
functioning as a ferce point, and a seéénd regulator provided at another
end of the lever member for functionfng as a movable fulcrum, wherein

the first and second regulators each_has guide members for
guiding a roller pivoted to the force point and the fulcrum, and the first

regulators are connected to the piston of the reciprocal motion motor

“ such that the first regulators are arranged symmetrical to each other.

17. Ah apparatus 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, inteke and exhaust devices for
taking in and exhausting a fuel gas provided at both ends of the eylinder,
and an ignition device; |

first, second, and third rotary members;

first lever member having a mid-point .-functioning as an
action point rotatably secured on a line connecting a rotation
center and a circumference = of the first rotary 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
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second lever member having a mid-point functioning
as an action point rotatably seéured on a line connect-
ing a rotation center and a circumference of the second
rotary member, a first regulator provided at an end of
the lever member for functioning as a force point, and a
secdnd regulator ptovided 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.an actioh point rotatably
secured on a line connecting a rotation center and a
circumference of the third.rotary 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 func-
tioning as a movable fulcrum, wherein

the first regulators of the third and fourth lever
members -are respectively connected to the pistons of the
first and second reciprocal motion motors such that the
first regulatdrs are arranged symmetrical to each other,
that the first regulators of the first and second lever
members are respectively connected to the pistohs of the
first and second reciprocal motion motors, and that the
first and sécond rotary.members are rotated in a reverse
direction in synchronization with the third rotary
member.

18. An apparatus for mutual conversion between

i
i
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a rotary member; and

a lever member having a first_regulétor provided at
an end of the lever member for functioning as a force
point, a second regulatof provided at another end of the
lever member for functioning as a movable fulcrum, and a
middle point between both of the ends functioning as an
action point rotatably and axially'secured on a line

connecting a rotation center of the rotary member and .a

circumference, wherein

the first regulator is connected with a piston of a
feciprocal motion motor, the piston is movably mounted
in a cylinder, the cylinder has ends respéctively
provided with an intake/exhaust device for taking
in/exhaﬁéting a power gas, the first and second regula-
/ each has_guide / Jembars, [su_ig_iﬁ%wmm
tors A lmowbous for movably/cuppeuiime the °
force point and the movable fulcrum such that the force
point and the movable fulcrum are movable in a length—
wise direction of the lever member, and the lever member
has a third regulator functioning as an action point on
a liné extended from the end functioning as the movable
fulcrum, said third regulatqr being connected to a
reciprocal motion member of a teciprocal motion motor.

19. An apparatus for mutual conversion betwéen
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 member for functioning
as a movable fulcrum, and a middle point between both of
the ends func*'oning as an action point rotatably and

axlally secu*ed on a line connecting a rotation center

~of the rotary member and a circumference, wherein

the first regulator is connected with pistons of

first and second reciprocal motion motors, each of the

pistons are movably inserted in a cylinder, the cylinder

has ends both respectivély provided with intake/exhaust

devices for taking in/exhausting a power gas, and that .

/ each has guide
the first and second :egulatm members for

-/egd_l.nu_am::.ma:_n.ta.
movably/ewspesi-birg 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. | '
20. A fly ing member domprising:

a plurality 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 member
for functioning as a movable fulcrum, aand each having a
point between the end and another end of the lever
member, for functioning as a force point rotatably
secured on a line connecting a rotation center of a
rotary member and a circumference, said lever members
are a:ranéed symmetricél with each other;

@ plurality of rotary members having output shafts
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respectively connected to the force points; @rd="
means for driving the plurallty of rotary member in

synchronization with each other, wherein

/ each has gqui
the first and second regulators

/ guiding 3 ro

members for movably /e the movable fulcrums such

» b

that the lever members are movably supported in a

lengthwise direction of the lever members.



