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(57) Abrége/Abstract:

The present invention relates to internal combustion engines, particularly to a reciprocating piston type internal combustion
engine with a crank and multiple circular slide blocks, formed by substituting correcting rods with circular slide blocks. The
engine comprises a crank-and-circular slide block mechanism including a cylinder body, pistons, circular slide blocks, a
crankshaft and the like. In the cylinder body, there Is a sliding tract in which there Is a dynamic balance sliding piece. There are
at least three circular slide blocks connected into an integral, with the phase difference of the adjacent circular slide blocks being
180°, and the circular slide blocks being rotably received in the pistons or the dynamic balance sliding piece and all being
sleeved on the same crank pin. The engine of the present invention has excellent dynamic balanceability and compact
configuration; and compared with existing engines of the same type, its size and weight are 30-50% and the man-hour for

manufacture Is 50-60%, and 70% of the parts are commonly used ones, It Is reliable In operation, has long service life and low
energy-consumption.
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Abstract

The present invention relates to internal combustion engines, particularly to a
reciprocating piston type internal combustion engine with a crank and multiple
circular slide blocks, formed by substituting connecting rods with circular
slide blocks.  The engine comprises a crank-and-circular slide block
mechanism mcluding a cylinder body, pistons, circular slide blocks. a
crankshatt and the like. In the cylinder body, there is a sliding track in which
there 1s a dvnamic balance sliding piece. There are at least three circular
slide blocks connected into an integral, with the phase difference of the
adjacent circular slide blocks being 180°, and the circular slide blocks being
rotably received n the pistons or the dynamic balance sliding piece and all
bemy sleeved on the same crank pin.  The engine of the present invention has
excellent dynamic balanceability and compact configuration; and compared
with existing engines of the same type, its size and weight are 30-50% and the
man-hour for manufacture is 50-60%, and 70% of the parts are commonly

used ones. 1t 1s reliable in operation, has long service life and low eNergy-
consumption.
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FPME 961408P

Reciprocating Piston Type Internal Combustion Engine with a Crank and
Multiple Circular Slide Blocks

lechmcal Field

The present invention relates to internal combustion engines. particularly to a

reciprocating piston tvpe internal combustion engine formed by substituting
connecting rods with circular siide blocks

Background of Inventon

The existing reciprocating piston type internal combustion engines utilize
crank connecting rods to achieve the reciprocating motion of pistons. To
overcome the existing disadvantages of comparatively complex structure.
more reciprocating inertia forces. bulky body, and heavy weight of the crank
connecting rod mechanism, there has been invented a crank-and-circular slide
block mechanism to substitute for the crank connecting rod mechanism by
substituting  connecting rods with circular shde blocks, and which is
disclosed i CN85100358A entitled “Reciprocating Piston Type Internal
Combustion Engine with a Crank and Circular Slide Blocks™ invented by the
imventor. published in the Gazette of Patents by Chinese Patent Office. This
engme 1s simpler in structure and lighter in weight, and utilizes 2 circular slide
block provided with a gear transmission pair to substitute the connecting rod

mechanisim, - but it can only be used for a single-cylinder engine and its
dynamic balance is not good enough.

[n view of facts. the object of the present invention is to provide a
reciprocating piston type multi-cylinder internal combustion engime with a
crank and multiple circular slide blocks, which is characterized by simple and
compact structure, light weight, excellent dvnamic balance, desirable inherent

property for conventional components of internal combustion engines and
shorter manufacture period.

Summary of Invention

The reciprocating piston type internal combustion engine with a crank and
multiple circular slide blocks of the present invention (see attached drawings)
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comprises a crank-circular slide block mechamism inciuaing a cylinder body,
cvlinder heads, cvlinders. pistons, circular slide blocks. a fly wheel; a fuel
supply svstem; a lubrication system: and a cooling system. In the cylinder
body there is a slide tvpe sliding track in which there is 2 dynamic balance
sliding piece, and there being at least three the circular slide blocks, connected
by locating pins to form an integral, with a phase difference of 180° between
adjacent circular shide blocks. which are rotably mounted m holes of the
pistons or the dynamic balance sliding piece respectively, and all the eccentric
axle-holes n the circular slide blocks being sleeved on the crankshaft.

There may be two cvlinders (10,11) arranged in H-shaped paraile] to each
other: the shiding track (14) mav be in the cylindrical cavity shape, located
between the two cyvlinders and being perpendicular to the cylinders. the
pistons (15,16) are double-acting pistons. the dynamic balance sliding piece
(23) 15 m the  cylindrical shape matching the sliding track, the holes (22.27)

,

are at the middle of the pistons and of the dvnamic balance shding piece and
the centerline of the crankshaft (30) is located at the middle of the cvlinders

and perpendicular to the centerlines of the cylinders and of the shiding track.
thus formimg a H-type four-cvlinder engine.

The shdimg track may be a short cylinder located between the two paralle]
cvlinders and beimng perpendicular to the two cylinders, arranged in such a

manner that the shding track and the two parallel cvlinders presents a H- L

shaped arrangement. thus forming a H- L tvpe five-cylinder engine with the
dynamic balance sliding piece being single-acting piston.

The shiding tracks may be short cylinders located on either side of the two
parallel cvlinders, arranged in such a manner that the sliding tracks and the

two parallel cylinders present a H-L shaped arrangement, thus forming a H-

L tyvpe six-cylinder engine with the dynamic balance sliding pieces being
single-acting pistons.

The two parallel cylinders and sliding track there between them may all be
short evlinders and may present a V-shaped arrangement, and the pistons and
dynamic balance sliding piece are all single-acting pistons each having a hole
(59) at one end, and the centerline of the crankshaft (30) is located at the

lower ends of the cylinders and sliding track. Thus, a V-type three-cylinder
engine 1s formed.
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The circular shde blocks (37,38,39) may be in the flat cylindrical shape with
equal outer diameters and equal eccentricities of the holes (40).

The eccentricities of the holes (40) in the circular slide blocks (37,38.39) are
identical to the crank radius of the crankshaft (30).

The crank pm (31) of the crankshaft (30) can be included in the space
extending between the main journals (32,33) along the centerline to make the
crank overlap degree te 100%.

The circular slide blocks (57,58,39) are tixedly connected to form an integral
bv two locating pins (43,44) svmmetrically disposed on both sides of the
axle-hole.

The circular slide block (38) mounted in the dynamic balance sliding piece has

an axial width twice as large as that of the circular slide block (37.39)
mounted m the pistons.

The circular slide blocks (57,38,39) each has an oil passage (47) connected
with the axle-hole (40) and the outer cylindrical surface. On the end faces of
the circular slide blocks (37,39), adjacent to the crank of the crankshaft there
are cross-shaped oil channels (48) connected with the axle-hole (40).

T'he pistons (15,16) and dynamic balance sliding piece (23) have oil apertures
(24.29.02) connected with the holes (£2,27) and the guide surfaces (21 ,26,60),
and there are o1l channels (23,28.61) on the guide surfaces.

The crankshaft (30) is a single-crank type crankshaft which has only one

crank pm, with all the circular slide blocks being mounted on the crank pin
(31).

The crankshaft (30) has an oil passage (35) along the cfankpin (31) axis and
o1l apertures (36) connected with the oil passage and the matching surface of
the crank pin which matches the circular slide blocks

Ihe circular slide blocks mounted in the pistons are with the same mass and
Identical center of gravity positions.
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The circular slide block (38) mounted 1n the dvnamic balance sliding piece has
the mass equal to the sum of the mass of two circular slide blocks (37.39)

mounted 1 the two double-acting pistons, and 1ts centroid i1s symmetric to the
two axle-hole centers of the two circular shde blocks.

The dvnamic balance shdig piece or the dynamic balance sliding piece
assembly of a single-acting piston arrangement has the mass equal to the sum
of the mass of the two double-acting piston or the two single-acting piston
assemblies. and 1ts centroid 1s on the central axis.

The flv wheel at the end of the crankshaft can have its weight cut down
accordmyg to static balance m the crank direction.

The pulley at the output end of the crankshait can be counternweighted
according to static balance n the opposite direction in which the fly wheel has
its weight cut down.

The motion principle of the present invention 1s shown in Fig. 2. It 1s given
that the rotation radius of the center of crank pin, that is, the crank radius. is e:
all the circular shide blocks are fixedly connected to form an integral; the axle-
holes of all the circular slide blocks are coincident and sleeved on the same
crank pm: the eccentricities of all the axle-holes are e; and the phase
ditference of adjacent circular shide blocks 1s 180°.  Here, the circular slide
blocks in the pistons are referred to as working circular slide blocks and the
circular shde block in the dvnamic balance sliding piece is referred to as
balancing circular shde block.  When the engine 1s operation, the pistons and
the working circular slide blocks reciprocate along X axis in the cylinders, and
the dvnamic balance sliding piece and the balancing circular slide block
reciprocate along Y axis m the shding track; X axis 1s perpendicular to Y axis.
In the higure, M1, M2 and M3 are the displacement points of the center of a
crank pm, Al, A2 and A5 are the displacement points of the center of a
working circular shide block, and B1, B2 and B3 are the displacement points
of a balancing circular slide block. When the crankshaft, together with the

crank, rotates at an angular velocity w | the working circular shide blocks and
the balancing circular slide block will rotate oppositely at an angular velocity

- w _while the pistons and the working circular slide blocks ,as well as the

dynamic balance sliding piece and the balancing circular slide block, will
move simuoidally and consinoidally. The time for motionist. When wt =
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0. the centers of the crank pin, the working circular slide blocks and the
balancmmg circular slide block are located at pomnts M1, Al and BI
respectively, as shown by the double-dash dotted line. When the crank pin

rotates by wt angle, the centers of the three components are located at points

M2. A2 and B2, as shown by the dash dotted line. When the crank pin rotates
to wt=90°, the centers of the three components are located at points M3, A3
and B5. as shown by the solid line.

The law of motion of a piston can be represented by:
displacement: S;=2e(l —cos wt)

velocity: Vi=2ewsin wt

. D,
acceleration: as=2ewcos wt

The law of motion of a dvnamic balance sliding piece can be represented by:
displacement: S,=2e(1 —sin wt)

velocity: V= -2ewcos wt

. 9 .
acceleration: ay=2ewsin wt

The law of resultant motion of the piston and the dynamic balance sliding
piece can be represented by

: .‘ A >,
Acceleration: o =./c x+a’y = 2ew

: . o
direction: — =tg wt -
a
-] .
wt=0 =tg gt
4

Since the rotation angle of the crank 0 =wt, the acceleration is directed to the

crank pin center from the main shaft center, that is, the resultant acceleration
of the piston and the dynamic balance sliding piece is the centrifugal
acceleration, and the resultant force in motion 1s the centrifugal force.

On these grounds, all the various inertia forces of the crank-and-multiple
circular slide block mechanism can be converted into a centrifugal force
concentrated on the crank pin, therefore, the mechanism can achieve
theoretically complete static and dynamic balances just by cutting down the
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weight of the fly wheel and adding the counterweight to the pulley at the two ends
of the main shaft, according to static balance without increasing any special

devices.

The operation fashion of the present invention is the same as that of conventional

internal combustion engines.

In accordance with one aspect of the present invention there is provided a
reciprocating piston type internal combustion engine having a crank and multiple
circular slide blocks, which comprises a cylinder body in which a crank circular
slide block mechanism which consists of cylinders, working pistons, a crankshaft,
and working circular slide blocks 1s provided, each of said working circular slide
blocks is rotatably mounted in a respective circular opening of a working piston
and its eccentric axle hole is sleeved on said crankshaft, characterized in that, at
least one sliding track provided in said cylinder body, the axis of said sliding track
being spatially perpendicular to axes of said cylinders; a dynamic balance-sliding
piece disposed and moved reciprocatingly in said slide track, with a circular
opening formed in said dynamic balance-sliding piece; a balancing circular slide
block rotatably mounted in said circular opening of said respective dynamic
balance-sliding piece, said at least one balancing circular slide block and said at
least two working circular slide blocks connected to each other to form a unit by
locating pins; said crankshaft containing a main journal and having a single crank
structure; and said circular slide block unit sleeved rotatably on the crankshaft and

firmly fixed at a phase of 180 degrees between two adjacent circular slide blocks.

The present invention will be farther described with reference to the embodiments

and their attached drawings as follows.
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Brief Description of Drawings

Fig. 1 is a schematic view of the configuration of a reciprocating piston type
internal combustion engine with a crank and multiple circular slide blocks of the

present invention, showing as an H-shaped four cylinder engine.

Fig. 2 is a schematic view of the motions of a working circular slide block, a

balancing circular slide block and a crank pin of Fig. 1.
Fig. 3 is a schematic view of the configuration of a cylinder body of Fig. 1.
Fig. 4 is a schematic top view of the configuration of Fig. 3.

Fig. 5 is a schematic view of the configuration of the cylinder body in a V-shaped
three cylinder reciprocating piston type internal combustion engine with a crank

and multiple circular slide blocks of the present invention.
Fig. 6 is a schematic top view of the configuration ot Fig. 5.

Fig. 7 is a schematic view of the configuration of the double-acting piston in

Fig. 1.
Fig. 8 is a schematic top view of the configuration of Fig. 7.

Fig. 9 is a schematic view of the configuration of the single-acting piston in Fig. 5,

also of the dynamic balance sliding piece of the piston type structure ot the present

invention.

Fig. 10 is a schematic top view of the configuration of Fig. 9.

6a
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Fig. 11 1s a schematic view of the configuration of the dynamic balance sliding
piece m Fig. 1.

Fig. 12 1s a schematic top view of the configuration of Fig. 11.
Fig. 13 1s a schematic right view of the configuration of Fig. 12.

Fig. 14 1s a schematic view of the configuration of the circular shide block
(that 1s. the working circular slide block) m the piston of Fig. 1 and kig. 5.

Fig. 15 is a schematic left view of the configuration of Fig. 14.
Fig. 16 1s a schematic view of the configuration of the circular slide block
(that 1s, the balancing circular slide block) in the dynamic balancing shid block

of Fig. 1 and the circular slide block n the dynamic balance shiding piece ot
the piston type structure ot Fig. 5.

Fig. 17 is a schematic left view of the configuration of Fig. 16.

Fig. 18 is a schematic view of the configuration of the integral formed by
connecting together the three circular slide blocks of Fig. 1 and Fig. 5.

Fig. 19 is a schematic left view of the configuration of Fig. 18.

Fig. 20 i1s a schematic view of the configuration of the crank shaft in Fig. 1 and
Fig. 3

03 UG

Preferred Embodiments of the Invention

Embodiment 1

The reciprocating piston tvpe internal combustion engine with a crank and
multiple circular slide blocks of the present invention, as shown 1n attached
drawings 1, 3, 4, 7, 8 and 11-20, 1s a H-type four-cylinder engine, comprising
a crank-and-multiple circular slide block mechanism including a cylinder body
| sumilar to the ordinary one; a fuel supple system and a valve-actuating
mechanism which are conventional construction including an air inlet pipe(s),

carburetor 2, cam shaft 3 and the like; an ignition system and electric system
including an electricity distributor 4 and its transmission sprocket 5, generator 6
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atrd the ike: a lubrication system including 4 lubricant pumip 7 and the like: a
cooling system including a water pump 8 and the like: and a starting device
mcluding a starter 9 and the like.

The crank-and-multiple circular slide block mechanism 1s composed of
cylimders. cylinder heads, a shiding track(s), pistons, a dynamic balance sliding
piece. a crankshatt, circular slide blocks, a fly wheel, a pullev and the like.

The cvlmders 10 and 11 are two cylindrical cavities parallel to each other
horizontallyv m the cvliader body 1, provided with holes 12 for bear seats of a
main bearing bore perpendicularly passing through the walls of the two
cvlinders at the middle of the cavities. There can be ordinarv cylinder liners

in the cyvhinders.  There are cylinder heads 13 of an ordinary configuration at
the nwo ends of the cvlinders and mounted on the cylinder bodv.

The sliding track 14 1s a cvhndrical cavity located between the two parailel
cvlinders and bemg perpendicular to the two parallel cvhinders in the cylinder
body 1. the diameter of the cavity being equal to that of the cylinders. The
contour of the cross section of the cavity can also be of a quadrangular shape
with two pairs of opposite sides being arc line and straight line respectively.

The pistons 15 and 16, as shown 1n Figs. 7 and 8, are ordinarv double-acting
pistons working on two sides in crowns 17 and 18 at two ends of the pistons
there are piston ring grooves 19 for mounting piston rings. The middle
sections of the pistons are guide portions 20 presenting a flat rectangular -
parallelepiped shape. having two guide surfaces 21 in the form of arc-shaped
cvhindrical surfaces for matching the cylinders, in the center of the guide
portion there 1s a hole 22, on the two symmetric guide surfaces there are 4
axially cut o1l channels, and between the hole and the oil channels there are

4 o1l apertures 24. The pistons 15 and 16 are disposed in cvlinders 10 and
|1 respectively forming a four-cylinder configuration.

The dynamic balance sliding piece 25, as shown in Figs. 11-13, is in a flat
rectangular parallelepiped shape, having two guide surfaces 26 in the form of
arc-shaped cyvlindrical surtfaces for matching the inner cvlindrical surface of
the shiding track; i the center of the dynamic balance sliding piece there is a
hole 27, on the two symmetric guide surfaces there are 4 axially cut oil
channels 28, and between the hole and the oil channels there are 4 oil
apertures 29.  The dynamic balance shding piece is-disposed in the sliding
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track 4. The mass of the dyvnamic balance shding piece is cqual to the sum
of the mass of the two pistons 15-16, and 1ts centroid 1s on the central axis.

The crankshaft 30, as shown 1n Fig. 20, presents a single crank configuration,
with one end of the crank pin 31 beimng integral with the main journal 32 at one
end ot the crankshaft, and the mam journal 33 at the other end of the
crankshaft bemng sleeved on the other end of the crank pmm 21 and fixedly
connected together to form an mtegral by an ordinary fastener 34. and the
crank pm 31 bemg tully included within the space extending between two
main journals 32 and 33, that s, the crank overlap degree teing 100%. I
the crank pin 51 there 1s an o1l passage 35 along the centerline, having five oil
apertures 36 leading to the surface of the main journal 32 and the matching
surface ot the crank pm 31 which matchs the circular slide blocks. The
crankshaft 30 1s mounted n the main bear seat holes 12 in the cylinder body.

There are totallv three circular slide blocks 37, 38 and 39, with the circular
slide blocks 37 and 39. reterred to as working circular slide blocks, matching
the holes 22 of the pistons 15 and 16 respectively as shown in Figs. 14 and 13,
and the circular slide block 38, referred to as  a balancing circular slide block,
matchimg the hole 27 of the dvnamic slide block 25 as shown in Figs. 16 and
17..  All the three circular shide blocks present flat cvlinders with equal outer
diameters, with the circular slide blocks 37 and 39 being equal in thicknesses
and the circular slide block 38 having a thickness equal to the sum of that of
circular slide blocks 37 and 39. In all the three circular slide blocks there are
axle-holes 40 with equal eccentricities and equal diameters. In each shaft
hole there are fitted with bearing bushes 45 and 46 respectivelv. On both
honzontai sides of the axle-hole there are symmetnically cut out cyiindrical pin
holes 41 and 42 with equal diameters for fixedly connecting circular slide
blocks 37, 38 and 39 one by one to form an integral bv two locating pins 43
and 44 i such a manner that the phase difference between circular slide
blocks 37 and 38, 38 and 39 1s 180°, that is, the adjacent circular slide blocks
are 1 a mverted state n relation to each other and that the axle-holes 40 in the
three circular shde blocks are completely coincident. All  the axle- holes 40
~n the three circular slide blocks have oil passages 47 leading to the outer
cviimdrical surfaces. At the respective outside faces, that is, faces adjacent
to the crank, of the circular slide blocks 37 and 39 there are crossed oil
channels 48 connected with the axle-holes 40. The circular slide blocks 37
and 59 are with equal masses and identical centroids; the mass of the circular

slide block 38 1s the sum of the mass of the circular slide blocks 37 and 39,

9
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and its centroid 1s syimmetric with the center of the axle-holes of the circular
shde blocks 37 and 39. When assembling, the circular slide blocks 37 and
39 are fitted mto the holes 22 of the pistons 15 and 16 respectively, the
circular shide block 38 1s fitted into the hole 27 of the dynamic balance sliding
piece 25, and the crank pm 31 of the crankshaft 1s inserted into the coincident
axle- holes 40 of the integrated three circular slide blocks, thus sleeving all the
circular slide blocks onto the crank pin 31.  During operation of the mtemal
combustion engine, the pistons reciprocating in the cylinders move the
crankshatt to rotate, and the crankshaft drives the dynamic balance sliding
prece to reciprocate on the shding track. This embodiment, being able to
convert all the reciprocating ertia forces and centrifugal forces into the

rotational centrifugal force concentrated on the crank pin, will achieve
excellent dvnamic balance.

The two ends of the crankshaft 30 are mounted with a fly wheel 49 and a
pulley 50 ot conventional configuration respectively. From the fly whell 49
there 1s removed an appropriate weight in the direction of the crankshaft
center to the crank pin center. and on the pulley there is put some appropriate
counterwelght in the opposite direction to the weight removed from the fly

wheel. so as to enable the crank-and-circular slide block mechanism to
achieve static balance.

The operation of the embodiment 1s the same as that of a conventional internal
combilstion engine.

The embodiment has been implemented in the manufacture of a ZB-475F
Diesel engine, tor which the specifications are: cylinder bore D=735mm, piston
stroke S=70mm, power Ne=25 ps/2400rpm, the lowest fuel consumption
ge=192¢/ps.h, and net weight=65 kg. Compared with the existing engines of
the same model, its size 1s reduced by 55%, the weight reduced by 48%, and
fuel consumption lowered by 6%.

The embodiment has also been implemented in the manufacture of a ZB-480
gasolne engine, with D=80 mm, S=60 mm, Ne=32 kw/4000 rpm, ge=262
o/kw.h.  Compared with the engines of the same model, its size is reduced by
60%0. the werght reduced by 50%, and the fuel consumption lowered by 10%.

The embodiment has been further implemented in the manufacture of a ZB-
430 Q gasolme engine, with D=80 mm, S=60 mm, Ne=36 kw/4400 rpm,

10
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ve=250 g/kw.h.  Compared with the engines of the same model, 1ts size is
reduced by 60%, the weight reduced by 50% and the fuel consumption
lowered bv 11%.

Embodiment 2

Another embodiment of the reciprocating piston type internal combustion
engime with a crank and circular slide blocks of the present invention. as
shown in Figs 5, 6, 9. 10 and 14-20, 15 a V-type three-cvlinder engine. The
basic structuren and operation are substantially the same as embodiment |
[t 1s characterized in that cvlinder body 51, as shown in E 1gs 5 and 6, presents
a V-type configuration. Cvlinders 52 and 53 are short ones and parallel to
each other. Between the two cvlinders there is a shding track 354
perpendicular to them, it has a contiguration of short cylinder and is identical
in the configuration and dimension to the two cvlinders. At two ends of the
cvlinder body located at the intersection of the cylinders and the sliding track
there are bear seats 35 for mounting a crankshaft. The dynamic balance
shiding piece matching the slidin g track 54 presents a piston tvpe contiguration.
it and pistons matching the cvlinders 52 and 53 are single-acting pistons of
identical shapes and sizes. as shown in Fig. 9 and Fig. 10, composed of
cyhndrical crowns 56 and rectangular parallelepiped like guide portions 57,
On the crowns 56 there are piston ring grooves 58 for mounting piston rings,
and on the guide portions 57 there are holes 09 for mounting circular slide
blocks, and arc-shaped cylindrical guide surfaces 60 on which there are oil
channels 61 cut out axially and oil apertures 62 open to the guide surfaces
from the holes. The contigurations of the three circular slide blocks and the

assembly and the others in the embodiment are identical to those in
embodiment [

On the basis of embodiment 1 of the present mvention, a H- L type five-

cvlinder engine can be obtained by forming the sliding track into 2 cylinder
configuration and the dynamic balance sliding piece into a single-acting piston.

On the basis of this five-cvlinder engine, a H- L six-cylinder type engine with

a total of 4 circular slide blocks can be formed by adding, on either side of the
two parallel cylinders, a cylinder parallel to the sliding track and a single-
acting piston in the cvlinder, as well as a circular shde block in the piston with
the circular slide block being also sleeved on the crank pm of the singlecrank
crankshaft.  Adopting the formation procedure, a multi-cylinder engine
comparising any number of cylinders with multiple circular slide blocks can

11
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be formed.
On the basis of embodiment 2, adopting the formation procedure, a V-type
multi-cylinder engine comprising any number of cylinders with multiple

circular slide blocks can also be formed.

The configurations of mternal combustion engine in the embodiments are only
a part of examples of the present invention.

[ndustral Applicability

Compared with the prior art. the reciprocating piston type internal combustion

cngine with a crank and multiple circular slide biocks has the following
remarkable advantages and obvious effects.

|. The resultant acceleration in motion of the crank-and-multiple circular slide
block mechamisin of the present invention is centrifugal acceleration being
directed toward the crankshaft center and the crank pin center, for achieving
ideal dvnamic balance with excellent dynamic balanceability.

2. The present invenuon utilizes multiple circular slide blocks connected to be
an mtegral to substitute the connecting rods in a crank-connecting rod
mechamsm, forming a crank-and-multiple circular slide block mechanism to
make the motions of the mutually perpendicularly of pistons and dynamic
balance sliding piece(or piston type dynamic balance sliding piece), be
interact to accomplish a work-done motion, without adding anv other devices.
such as a gear transmission pair for the crank-and-single slide block
mechanism and to reduce the number of moving parts is reduced.

consequently the engine has compact configuration and more reliable
operation.

3. The present mnvention adopts a crank-and-circular slide block mechanism of
to substitute tor the crank-and-connecting rod mechanism. If given that the
crank radius 1s equal to the eccentricity of the axle-hole in a circular slide
block. bemng e, and the length of the connecting rod is also e. then the piston
stroke of the present invention will be 4e, while the piston stroke of a crank
connecting rod mechanism will be only 2e. That is, compared with an
mternal combustion engine with the same piston stroke, the present invention
has smaller size and lighter weight, being 30-50% of the existing internal

12
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combustion engine of the same type.

4. The mutli-cylinder mmternal combustion engine comprising the crank-and-
multiple circular block mechanism of the present invention utilizes a single
crank crankshaft without the need of adopting a multi-crank configuration to
make the structure much simpler. Particularly, when the crank radius is
equal to the eccentricity of the axle-hole in the circular slide block and the
crank pm 1s mcluded m the extension space of the main journal of the
crankshaft, the crankshaft case can be omitted to have the configuration
simplified. the machine size reduced, the weight lightened. while ensuring the
ngidity and strength of the crankshaft.

5. The present invention can achieve ideal dynamic balance and static balance
by adjusting the mass and center of gravity of the moving elements, such as
circular shde blocks, pistons, dynamic balance sliding piece as well as
components and parts thereof, and the mass distribution and center of gravity
ot the crankshaft and the flywheel and pullev at its two ends, thus. without
adopting any specific structure and devices, balance is achieved, while the

contiguration bemg simplified, size reduced and weight lightened
correspondly.

6. The mam moving parts in the present invention, such as circular slide
blocks. pistons, the dynamic balance sliding piece, the crankshatt and the like.
are counstituted by cylindrical surfaces and planes, so they have desirable
‘process -ability; less material consumption and shorter manufacture period,
which account for only 50-60% of that needed for making an existing engine
of the same type. Moreover, more than 70% of the elements commonly used

in the existing engines of the same type can be used in the engine of the
present invention, so it has good inheritability

/. The moving parts i the present invention are designed to have lubricating
o1l passages, oil apertures, and oil channels under pressurized hydraulic
lubrication for durable service life and high reliability in use.

8. The structural features of the present invention have enhanced the engine’s
high mechanical efficiency, high heat efficiency, less pollution exhaust and

significant energy saving properties, and performance tests show that the
engine s mechanical efficiency is up to 96% and its fuel consumption is

reduced by 6-16%.

13



CA 02232680 2003-10-07

Claims

1. A reciprocating piston type internal combustion engine having a crank and
multiple circular slide blocks, which comprises a cylinder body in which a crank
circular slide block mechanism which consists of cylinders, working pistons, a
crankshaft, and working circular slide blocks is provided, each of said working
circular slide blocks 1s rotatably mounted in a respective circular opening of a
working piston and 1ts eccentric axle hole 1s sleeved on said crankshaft,
characterized in that,

at least one sliding track provided in said cylinder body, the axis of said
sliding track being spatially perpendicular to axes of said cylinders;

a dynamic balance-sliding piece disposed and moved reciprocatingly in said
slide track, with a circular opening formed 1n said dynamic balance-sliding piece;

a balancing circular slide block rotatably mounted in said circular opening
of said respective dynamic balance-sliding piece, said at least one balancing
circular slide block and said at least two working circular slide blocks connected to
cach other to form a unit by locating pins;

said crankshaft containing a main journal and having a single crank
structure; and

said circular slide block unit sleeved rotatably on the crankshaft and firmly

fixed at a phase of 180 degrees between two adjacent circular slide blocks.

2. The reciprocating piston type internal combustion engine according to

claim 1, characterized in that, said sliding track 1s a cylinder structure.

3. The reciprocating piston type internal combustion engine according to
claim 1, characterized in that, said dynamic sliding piece 1s a single-acting piston

which does work on one end thereof.

14
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4. The reciprocating piston type internal combustion engine according to
claim 1, characterized in that, said working piston is a double-acting working

piston which does work on both ends thereof.

. The reciprocating piston type internal combustion engine according to
claim 4, characterized 1n that, the mass ot said dynamic sliding piece is equal to

the gross mass of two of said double-acting working pistons.

6. The reciprocating piston type internal combustion engine according to
claim 5, characterized in that, said working piston 1s a single-acting piston which
does work on one end thereof and the mass of said single-acting is equal to the

oross mass of said double-acting working piston.

7. The reciprocating piston type internal combustion engine according to

claim 1, characterized in that, said working piston is a single-acting working piston

which does work on one end thereof.

8. The reciprocating piston type internal combustion engine according to
claim 7, characterized in that, the mass of said dynamic sliding piece is equal to

the gross mass of two of said single-acting working pistons.

9. The reciprocating piston type internal combustion engine according to
claim 4, characterized in that, the mass of said single-acting piston is equal to the

oross mass of two of said single-acting working pistons.

10.  The reciprocating piston type internal combustion engine according to any
one of claims 1 to 9, characterized 1n that, said balancing circular block 1s disposed

between two working circular slide blocks.

11.  The reciprocating piston type internal combustion engine according to any
one of claims 1 to 10, characterized in that, the width of said balancing circular

block is twice as large as the width of each of said working circular slide blocks.

15
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12.  The reciprocating piston type internal combustion engine according to any
one of claims 1 to 11, characterized in that, one end of the crank pin of said

crankshaft is combined with a main journal, the overlap degree of said crankshaft

being 100%.
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