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PISTON FOR INTERNAL COMBUSTION ENGINE

Benjamin L. Sheaffer, Palos Verdes, Calif., assignor to
McCulloch Corporation, Los Angeles, Calif., a corpo-
ration of Wisconsin ’

Filed Feb. 4, 1965, Ser. No. 430,339
7 Claims. (ClL 123—73)

This invention relates generally to internal combustion
engines and relates more particularly to pistons for two-
cycle engines.

While the invention has particular utility in connection
with pistons for two-cycle engines, and. is shown and de-
scribed in such connection, it is to be understood that its
utility is not confined thereto.

As is well known, there are certain problems and dif-
ficulties involved in the provision of- snitable pistons for
internal combustion engines. For example, there is the
problem of eliminating or reducing to a minimum piston
distortion due to internal strains and stresses set up by the
rise in temperature resulting from the combustion of gases
in the cylinder combustion chamber and it is an object of
the present invention to provide a piston wherein the
problems and difficulties involved therein are solved and
overcome. : i

Another object of the invention is to provide a piston
of this character that runs much cooler than prior pistons
of which I am aware.

It is another object of the invention to provide a piston
of this character that is relatively light in weight and
wherein loads on the piston pin bosses will not distort the
piston skirt.

Still another object of the invention is to provide a
piston of this character wherein the piston pin wear is
greatly extended, such wear having been found to be ex-
tended over 20%.

A further object of the invention is to provide a piston
of this character that is very much lighter in weight than
conventional pistons, thus correspondingly reducing iner-
tia and problems resulting from high inertia factors and
lowering reciprocating weight. '

A still further object of the invention is to provide a
piston of this character that will work efficiently under
all operating conditions. : i .

Another object of the invention is to provide a piston
of this character that is well balanced and has the re-
quired stability. -

Still another object of the invention is to provide a
piston of this character that is adapted to efficiently and
effectively control transfer ports in the walls of cylinders
of two-cycle engines,

The characteristics and advantages of the invention are
further sufficiently referred to in connection with the fol-
lowing detailed description of the accompanying draw-
ings, which represent one embodiment. After consider-
ing this example, skilled persons will understand that
many variations may be made without departing from
the principles disclosed, and I contemplate the employ-
ment of any structures, arrangements, or ‘modes of oper-
ation that are properly within the scope of the appended
claims.

Referring to the drawings, which are for illustrative
purposes only:

FIG. 1 is a longitudinal section through a two-cycle
internal combustion engine having a piston embodying the
present invention operably disposed therein, said piston
being at the top of its stroke;

FIG. 2 is a sectional view taken on line 2—2 of FIG. 1;

FIG. 3 is a lower end view of the piston; and

FIG. 4 is a sectional view taken on line 4—4 of FIG. 2.

Referring more particularly to the drawings, there is
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diagrammatically shown a two-cycle internal combustion
engine, indicated generally at 18, having a cylinder block
11, the upper part 12 of a crankcase indicated generally
at 14, and the lower part 15 of the crankcase. The crank-
case is of any suitable well known type and has an engine
crankshaft 16 therein which includes a crank 17.

While the engine may be water cooled, it is shown
as being of the air cooled type and the cylinder block is
provided with a plurality of cooling fins 18 of the usual
character and arrangement. There is a cylinder head 19
which is shown as being integral with the cylinder block
but, it is to be understood, the cylinder head could be a
separate part secured to the cylinder block by any suitable
well known means and in any suitable well known man-
ner. The cylinder head is also provided with cooling fins
20 and there is 2 combustion chamber 21 in the inner side
of said cylinder head.

A liner, indicated generally at 22, is cast in the cylinder
block, said liner also being cast of suitable material, such
as, for example, iron.

Liner 22 has a longitudinally extending interior bore 23
defined by a wall 24, said bore 23 being open at both
ends.

An upper end portion of the liner wall 22 is provided
with a plurality of external, annular ribs 25 spaced apart
longitudinally or axially and when the liner is cast in the
cylinder block said ribs securely anchor same in position
in said cylinder block and against any longitudinal dis-
placement. At one side the liner is provided with a boss
26 having at least one exhaust passage 27 which are in
communication with the bore 24 of the liner by way of an
exhaust port 28. The exhaust port is disposed at an in-
termediate position relative to the length of the liner and
is adapted to be controlled by & piston, indicated generally
at 39, reciprocably mounted in the bore 24.

At the oposite side of the liner there is an external boss
31 having an inlef passage 32 therethrough which com-
municates with the bore 23 of the liner by means of an
inlet port 33. Inlet port 33 is positioned below the exhaust
port 28, and said inlet port 33 is adapted to be controlled
by said piston 39 and to be uncovered when the piston
is in an upper range of movement.

At generally right angles to the bosses 26 and 31 for
the exhaust and inlet passages, the liner is provided with
diametrically arranged bosses or what may be termed
blisters, each of which has a plurality of transfer passages
or channels 35, 36 and 37, respectively. These passages
are inclined upwardly and away frecm the side of the
cylinder or bore 23 having the exhaust port 28, the upper
ends of said passages being at substantially the same level
and terminating in a horizontal plane below the plane
of the top of said exhaust port 28. The lower ends of
the passages or channels 35, 36 and 37, are shown as
terminating upwardly of the lower end of the cylinder
or bore 23, the lower ends of the passages 36 and 37
being lower than the lower end of the passage 35. While.
a plurality of transfer passages or channels are shown, it
is to be understood that there may be only one or two

* ormore than three.:

70

The piston 30 has a flat topped head 40 and a depending
skirt 41. Depending from and integral with the head 40
of the piston are a pair of laterally spaced bosses 42
which have axially aligned openings 44 therethrough for’
reception of wrist pin bearings 45 in-which a wrist pin 46
is operably disposed. The upper end of a connecting
rod, indicated generally at 48, is operably disposed on-
said wrist pin in the space between the bosses 42, the
construction and mounting of the connecting rod on said
wrist pin is of well known character and need not be
specifically described herein.

At its lower end the connecting rod is provided with
the usual enlargement having a substantially semi-cylin-
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drical notch 49 therein for reception of a portion of the
crank pin 17a of crank 17. There is also the usual clamp
part 50 having a substantially semicylindrical notch for
reception of the rest of the crank pin, 174, said clamp
part 50 being secured to the enlarged part of the connect-
ing rod 48 in the usual manner by screws or bolts, not
shown.

Piston 30 has a pair of openings 54 in the skirt in
alignment with the openings in the bosses, said openings
54 being positioned at diametrical sides of the piston
and in longitudinal alignment with said skirt openings
54 the skirt having arcuate relieved portions or notches
55 in the free end, said notches 55 being at diametrically
opposite sides of the piston. Notches 55 are of the same
size and character and openings 54 are also of the same
size and character. This is done to keep the piston in
balance and said notches and openings provide a piston
of very light weight with the advantages of such light
weight, as pointed out above.

Openings 54 in the piston also serve another purpose;
that is, they serve as ports for the flow of fluid from
the crankcase to the transfer passages or channels 35,
36 and 37, as will be described hereinafter.

The general sequence of engine operation

Assuming that the engine is in operation and starting
the description of such operation with the piston at lower
dead center, the openings 54 in the piston skirt will be
in communication with the transfer passages or channels
35, 36 and 37. A fuel mixture has been drawn into the
crankcase interior 56 and compressed therein by the
downstroke movement of the piston. At this time the
inlet port 33 is, of course, closed by that portion of the
piston skirt between the openings 54 at the right hand
side thereof, as seen in the drawing, and the exhaust
port 28 is uncovered and open.

For the first 45° to 70° of crankcase rotation from
bottom. dead center the transfer or scavenging channels
35, 36 and 37 are open so that the fuel mixture charge
in the crankcase may flow therefrom through the openings
54, passages 35, 36 and 37, and into the cylinder above
the piston. For the first 60° to 90° of crankshaft rotation
from the bottom dead center the exhaust ports are open
to facilitate scavenging fiow of combustion products
therefrom. As the piston moves upwardly it begins to
cover the exhaust port 28 and the upper ends of the
transfer passages 35, 36 and 37. When the piston head or
the top of the piston reaches the upper edges of the
transfer passages 35, 36 and 37, said passages are closed
against the flow of fuel mixture upwardly into the upper
portion of the cylinder 23. This occurs before the upper
end of the piston reaches the upper edge of the exhaust
port 28, so that the exhaust port remains open for a
longer period than the transfer passages. When the
upper end of the piston reaches the upper edge of the
exhaust port the latter is fully closed and the fuel mixture
charge in the cylinder above the piston is compressed
with further upward movement of the piston.

As the piston moves upwardly from this position the
fuel mixture is compressed in the upper part of the cylinder
above the piston and in the combustion chamber 21. At
the same time the skirt of the piston begins to uncover
the inlet port 33 which is connected with the carburetor
or other charge forming device, not shown. The upward
movement of the piston has created a partial vacuum in
the crankcase and as soon as the piston skirt begins to
uncover the inlet port 33 a fresh charge of fuel mixture
begins to be drawn through said inlet port 33, and thence
into the bore or cylinder 23 and into the crankcase interior
56 with which the piston below its head 40 is in full
communication.

When the piston has reached upper dead center, as
shown in FIG. 1, and the fuel mixture in the upper end
of the cylinder and combustion chamber 21 has been fully
compressed, it is then ignited by a spark plug, riot shown.
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Upon ignition of this fuel mixture in the combustion
chamber the piston is driven downwardly in its power
stroke. As the piston moves downwardly it first reaches
the upper edge of the exhaust port 28 and begins to un-
cover said port so that the exhaust gases or combustion
products begin to escape through said.port. At the same
time the piston has closed the inlet port 33 and begun to
compress the fresh fuel mixture charge in the crankcase
interior 56.

Upon further downward movement of the piston the
upper ends of transfer passages 35, 36 and 37 are un-
covered and since the openings 54 in the piston skirt com-
municate with said transfer passages the fuel mixture
being compressed in the crankcase flow through said
openings 54 and into the transfer passages 35, 36 and 37
and thence upwardly into the upper part of the cylinder.
Because of the inclination of the transfer passages 35,
36 and 37 away from the side of the cylinder having the
exhaust port, the fresh charge of fuel or the fuel mixture
flows upwardly in the upper part of the cylinder toward
the side away from the exhaust port and circulates so as
to clear out or scavenge the combustion products in the
upper end of the cylinder and the combustion chamber
21 and drive such combustion products downwardly along
the side of the piston having the exhaust port and thence
out of said exhaust port.

When the piston reaches lower dead center it begins
its upward movement or stroke and the cycle of opera-
tion described above is repeated.

The invention and its attendant advantages will be
understood from the foregoing description and it will be
apparent that various changes may be made in the form,
construction and arrangement of the parts of the inven-
tion without departing from the spirit and scope thereof
or sacrificing its material advantages, the arrangement
hereinbefore described being merely by way of example,
and 1 do not wish to be restricted to the specific form or
uses mentioned except as defined in the accompanying
claims, wherein various parts or portions have been sepa-
rated for clarity of reading and not for emphasis.

I claim:

1. In a piston for an internal combustion engine:

(A) a piston head;

(B) means for operable connection of a connecting

rod to said piston;

(C) and a generally cylindrical skirt depending from
said head, said skirt having oppositely arranged
openings therein, said skirt having notches at op-
posite sides and in parallel alignment with the open-
ings in said skirt, means connecting said rod with
said piston comprising a pair of laterally spaced
bosses integral with said head and depending there-
from, the outer sides of said bosses being spaced in-
wardly from the plane of inside configuration of
the skirt, said bosses having aligned openings there-
in which are also aligned with the: openings in the
skirt, and a wrist pin in said bosses with its ends in
spaced relation to the inner surface of the skirt.

2. In an internal combustion engine, including:

(A) wall means defining a cylinder having a piston
Teceiving bore open at the inner end, said cylinder
having

(a) at least one exhaust passage therein com-
municating with the piston receiving bore by
means of an exhaust port,

(b) an inlet passage communicating with said
piston receiving bore by means of an inlet port
spaced closer to the inner end of said cylinder
than said exhaust port,

(c) at least one blister positioned at an angle to
said ports,

(d) at least one transfer passage in said blister
for the flow of fuel and oil into the cylinder
bore, the inner end of said passage terminating
short of the inner end of the cylinder;
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(B) and a piston reciprocably disposed in the piston
receiving bore of the cylinder, said piston including

(a) a piston head, ' '

(b) means for operably connecting said piston
with an engine connecting rod,

(c) and a generally cylindrical skirt depending
from said piston head, said skirt having at least
one opening therein adapted for communica-
tion with the transfer passage while the piston
is within a predetermined range of movement
in the bore of the cylinder so that fuel and oil
may flow through said opening, about the
means for operably connecting said piston with
an engine connecting rod, into said transfer
passage, and thence into the cylinder bore out-
wardly of the piston, )

the means connecting said rod to said piston including a
- pair of laterally spaced bosses depending from said pis-
ton head and a wrist pin in said bosses with its ends in
spaced relation to the inner surface of said skirt, said
bosses having aligned openings therein which are also
aligned with the openings in the skirt, said bosses being
spaced inwardly from the plane of inside configuration of
the skirt, the free end of said skirt having notches in
parallel alignment with respective openings in said skirt.

3. In an inernal combustion engine, including:

(A) wall means defining a cylinder having a piston
receiving bore open at the inner end, said cylinder
having :

(a) at least one exhaust passage therein com-
municating with the piston receiving bore by
means of an exhaust port,

(b) an inlet passage communicating with said pis-
ton receiving bore by means of an inlet port
spaced closer to the inner end of said cylinder
than said exhaust port,

(c) at least one blister positioned at an angle
to said ports,

(d) at least one transfer passage in said blister
for the flow of fuel and oil into the cylinder
bore, the inner end of said passage terminating
short of the inner end of the cylinder;

(B) and a piston reciprocably disposed in the piston

receiving bore of the cylinder, said piston including

(a) a piston head,

(b) means for operably connecting said piston
with an engine connecting rod,

(c) and- a generally cylindrical skirt depending
from said piston head, said skirt having at least
one opening therein adapted for communica-
tion with the transfer passage while the piston
is within a predetermined range of movement
in the bore of the cylinder so that fuel and oil
may flow through said opening, about the means
for operably connecting said piston with an
engine connecting rod, into said transfer pas-
sage, and thence into the cylinder bore out-
wardly of the piston,

" (d) a crankshaft having a crank pin,

(e) means supporting said crankshaft in operable
relation to the piston receiving bore of the
cylinder,

(f) and a connecting rod, one end of said con-
necting rod having an operable connecting with
the crank pin of said crankshaft, the other end
of the connecting rod having the operable con-
nection with the piston,

the free end of the skirt having notches therein in parallel
alignment with the respective openings in said skirt, the
means connecting said rod to said piston comprising a
pair of laterally spaced bosses depending from the head
of the piston, said bosses having aligned openings therein
which are also aligned with the openings in the skirt, the
adjacent end of the connecting rod also having an open-
ing therein aligned with the openings in said bosses; and a
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wrist pin disposed in said aligned openings in the bosses

and connecting rod, and said bosses being spaced inwardly

from the plane of the inside configuration of the skirt.

4. In a two-cycle internal combustion engine assembly:

(A) a cast iron cylinder liner having a longitudinally
extending cylindrical bore therethrough open at both
ends, said cylinder liner having

(a) a plurality of annular, longitudinally spaced
external ribs on an upper end portion,

(b) =2 boss at one side having an exhaust passage
therein communicating with the bore of said
liner by means of a port,

(c) said exhaust port being located intermediate
the ends of the liner and intermediate the ends

. of the stroke of a piston reciprocably mounted
in said bore,

(d) a second boss having an inlet passage there-
through communicating with the cylindrical bore
of the liner by means of an inlet port,

(e) said inlet port being spaced closer to the
inner end of the liner than said exhaust port,

(f) a pair of blisters at right angles to the exhaust
and inlet bosses and arranged diametrically op-
posite to each other, each of said blisters having
a plurality of passages formed therein opening
into said cylindrical bore and extending toward
the outer end of said liner and inclined away
from the side having the exhaust port, the upper
ends of said transfer passages in said blisters
having their upper ends terminating longitudi-
nally inwardly of the outer edge of the exhaust
port;

(B) a cylinder block cast about said liner and leaving
the outer ends of the inlet passage and the exhaust
passage free;

. (C) and a piston for reciprocable motion within the
bore of the liner, said piston having a head and a
generally cylindrical skirt, the latter having oppo-
sitely arranged openings therein adapted to be in
communication with the transfer passages, said skirt
having notches at opposite sides and in parallel align-
ment with the openings in said skirt, and means
connecting a connecting rod with said piston com-
prising a pair of laterally spaced bosses integral with
said head and depending therefrom, the outer sides
of said bosses being spaced inwardly from the plane
of the inside configuration of the skirt, and said
bosses having aligned openings therein which are
also aligned with the openings in the skirt and a
wrist pin in said bosses with its ends in spaced rela-
tion to the inner surface of the skirt whereby fluid
from the crankcase of the engine may pass into the
piston, through said openings in the skirt thereof,
thence into the transfer passages and into the upper
end of the bore of the liner, said inlet port, exhaust
port and transfer passages being controlled by the
piston. ’

5. In a two-cycle internal combustion engine assembly:

(A) a cylinder liner having a longitudinally extending
cylindrical bore therethrough open at both ends, said
cylinder liner having
~ (a) a boss at one side having an exhaust passage

therein communicating with the interior bore of
said liner by means of an exhaust port,

(b) said exhaust port being located intermediate
the ends of the liner and intermediate the ends
the stroke of a piston reciprocably mounted in
said bore,

(c) a second boss having an inlet passage there-
through communicating with the cylindrical
bore of the liner by means of an inlet port,

(d) said inlet port being spaced closer to the
inner end of the liner than said exhaust port,
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(e) at least one blister at substantially right angles

angles to the exhaust and inlet bosses, said-

blister having a plurality of passages formed
therein having at least a portion of their length
opening into said bore and extending toward
the outer end of said liner and inclined away
from the side having the exhaust port, the upper
ends of said transfer passages in said blister hav-
ing their upper ends terminating inwardly of the

8

aligned openings therein which are also aligned with
the openings in the skirt and a wrist pin in said
bosses with its ends in spaced relation to the inner
surface of the skirt, whereby fluid from the crank-
case of the engine may pass into the piston through
said opening in the skirt thereof, thence into the trans-
fer passage and into the upper end of the bore of the
liner, said inlet port, exhaust port and transfer pas-
sage being controlled by the piston.

7. In an internal combustion engine; wall means de-
fining a cylinder having a piston receiving bore extending
longitudinally therein, said cylinder having

(a) at least one exhaust passage therein communicat-

ing with the piston receiving bore by means of an
exhaust port, i
(b) an inlet passage communicating with said piston

outer edge of the exhaust port; 10
(B) a cylinder block cast about said liner and leaving
the outer ends of the inlet passage and the exhaust
passage free; T
(C) and a piston for reciprocable motion within the
bore of the liner, said piston having a head and a 15

generally cylindrical skirt, the latter having oppo-
sitely arranged openings therein adapted to be in
communication with the transfer passages, said skirt
having notches at opposite sides and in parallel align-

terminating inwardly of the outer edge of the
exhaust port;

receiving bore by means of an inlet port, said inlet
port being spaced closer to the inner end of said
cylinder than said exhaust port,

ment with the openings in said skirt, and means con- 20  (c) at least one blister positioned at an angle to said
necting a connecting rod with said piston compris- ports, a plurality of generally paralle] transfer pas-
ing a pair of laterally spaced bosses integral with said sages in said Dlister, said passages being inclined
head and depending therefrom, the outer sides of toward the outer end of the bore away from the ex-
said bosses being spaced inwardly from the plane of haust port, the transfer passage adjacent the exhaust
the inside configuration of the skirt, and said bosses 25 port being shorter than the other passages, the outer
having aligned openings therein which are also ends  of said transfer passages terminating‘ in sub-
aligned with the openings in the skirt and a wrist pin stantially the same plane normal to the axis of the
in said bosses with its ends in spaced relation to the cylinder, the inner ends of said passages terminating
inner surface of the skirt whereby fluid from- the short of the inner end of the cylinder with the shorter
crankcase of the engine may pass into the piston, 30 passages having their inner ends spaced further out-
through said opening in the skirt thereof, thence into wardly longitudinally of the cylinder than the inner
the transfer passages and into the upper end of the ends of the longer passages, a second blister posi-
bore of the liner, said inlet port exhaust port and tioned diametrically opposite the first mentioned
transfer passages being controlled by the. piston. blister, said second blister also having a plura‘hty of
6. In a two-cycle internal combustion engine assembly: 389 generally parallel transfer passages therein and the
(A) a cast iron cylinder liner having a longitudinally passages in said second blister being substantially
extending cylindrical bore therein, said cylinder liner similar to the passages in said ﬁr§t blister, a piston
having in said cylinder, said piston has{mg a head and a
(a) an exhaust port communicating with the in- generally cylindrical skirt depending therefrom, said
terior bore of said liner, 40 skirt having openings therein at ('ixametylcally op-
(b) said exhaust port being located intermediate PQSite Sld_es anq at the' 51de§ having said plxsters,
the ends of the stroke of a piston reciprocably said openings being so dlmens.loned as to be in com-
mounted in said bore, n}umcatlox}'wuh spme.of Sal‘d passages at various
(c) an inlet port communicating with the cylin- _ piston positions, said sk}rt having potches at opposite
drical bore of the liner, 45 ‘SIC.ICS ar_xd in parallel ahgnment. with the openings in
(d) said inlet port being spacéd closer to the inner sa}d skgrt, .and means connecting 2 connecting rod
end of the liner than said exhaust port, with sagd piston comprising a pair of latera!ly spaced
(e) at least one blister spaced circumferentially bosses integral with said head and depending there-
from said exhaust port approximately 90°, said from, the outer sides of said bosses being spaced
blister having at least one passage formed there- 50 mwardly‘frorn the ‘plane of the.lnsxdg conﬁgurapon
in extending toward the outer end of said liner of the skirt, and said bosses having aligned openings
and inclined away from the exhaust port, said therein which are also aligned with the openings in
transfer passage being open along at least a por- the skirt and a wrist pin in said bosses with its ends
tion of the inner side and having its upper end 55 in spaced relation to the inner surface of the skirt.
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