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This invention relates in general to an internal
combustion engine, single or mulitiple eylinder,
two or four cycle type, but is more particularly
Gescribed as of a two cycle blower aspirated or
super-charged diesel or semi-diese] type in which
the crank shaft and piston are connected by g
lever mechanism., This lever is pivoted and con-
nected to the crank shaft and to the niston rod
upon a substantially definite ratic and is so
1ocated that it lies approximately at a 90° angle
to the cylinder bore at its mid-travel position
and the piston rod is supbstantially parallel to the
center line of the cylinder at each end of the
stroke.

Although internal combustion engines embody-
ng the leverage princinle have been built and
used experimentally, the vprier use resulted in
tne use of the lever as an end in itself. 1t did
not alter in any way the source of the nower
potential which is determined by the volumetric
cificiency. The basic improvement resulting
from the prior art was the reduction of friction
hetween the piston and the cylinder wall and
the tendency to a3 mechanical advanisge in con-
cenirating a longer stroke into a much shorter
crank pin travel. |

This invention exceads and improves the prior
art in the construction whereby the leverage
heokup as diselosed to make its cpreration practi-
cal, is merely a means used, togethar with other

novel structural featurss, to alter and improve

v1e conditions essential fo o grester power out-
rut at the scurce which ia dirvectly reflected in
& Supericr secavenging cyele in two svele glesel
cperaticn. Furthermore the prior art is objer-
tionable hecause the weight cembinations. tha
driving ratios and proportions have not been
adepted and set forth in accurate reiationshion
for satisfactory results. This prevented the ac-
complishment of the true peotential of this en-
gine in the way of nower output and unrestrained
operation. The leverage princinle, because of the
mass and welight involved in the linkaga is not
comnasinle with that of an inherently high speed
constructicn such as the typical gasolina angine
which attains its higher vower cutput at high

peeds. The critical inertis foree in-
12 operation of a lever at high crank

2d by the added weight vroduces = COYi1-
hination that results in execessive vibration or
wreakage of parts. -
Anothier onjection heretofore encountersd has
neen the inability to recognize snd cvercome tha
need 10 reduce the size of the ponnecting rod
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upber end bearing which would in turn reduce the
mass and weight of the lever itself as well as the
mass and weight of the connecting and piston
rods. This prior construction held to the theory
of obtaining maximum piston travel to minimum
crank throw which necessitates o very large upper
end connecting rod bearing with still excessive
kearing pressure at this point causing g restrained
action in the entire cyecle of operations.

To overcome these serious objections, the
ratios and proportions of the entire rower link-
age are changed in this invention so that the re-
sulting getion may reflect a pronounced Cower
increase and g sharp reduction of the inertia
forces, removal of execess bearing pressures, and
producing a free and unrestrained operating ac-
tion. |

Among the advantages of the present lever con-
struction are the practical elimination of Ppiston
slap caused by the angularity of the connecting
rod in the conventional internal combustion en-
gine, the practical eliminstion of the wear on
the piston, piston rings, and eylinder walls eaused
py pressure of the piston on the cylinder walls

‘as occurs in the conventional engine, and the

reducticn of the friction by relieving the wall
pressure thereby further aiding in the develon-
ment of a high even torque over a broad range
of speed; and improving the accessibility and ease
of servicing. |

A primary ohject of this invention is to se-
cure maximum volumetric or scavenging and me-
chanical efficiency by obtaining more acvantage-
ous piston travel when the crank pin is in the
best position to transmit this power, to produce
minimum movement of the piston while the ex-
haust ports or valves are open, as it applies to the
two cycle diesel type, to obfzin superior seavens..
ing, and to obtain maximum volume of intake air
when the crankpin is likewise in the most od-
vantageous position. No internal combustion en-
gine can have a greater power potential than that
which is made possible by the amount of sir it
can trap within the cylinder to supnort combnus-
tion. In two cyecle diesel operation, this is ealled
scavenging, It is the displacement of burned or
pUrning gasss with fresh oxygen hearine air. The
present construction takes advaniage of a longer
dwell of the piston at the bottom of the stroke.
Py so doing, a complete reversal of construction
rractice is made in whieh the norts at the hot-
tom of the eylindar are used for the exhausting.
while a valve is used in the head for the air
mtake and is se timad that a longer and nracti-
cal seavenging cyecle is thereby an accomplished
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fact. This construction permits a higher scav-
encine efficiency than heretofore known and
thereby results directly in a superior power de-
velopment.

By making the cylinder ports the exhaust out-
1et and the valve in the head the air intake, it
follows that the life of this valve is greatly in-
creased over that of a valve used to release burne-
ing exhaust gases, and at the same time a marked
advantage is further obtained by such place-
ment of the air intake that the incoming and

cooler air cools the vital parts which thereby re-
duces detonation and gives longer life to these
critical parts.

Another primary object of this invention is to
improve combustion DProcess cycles in two cycle
diesel operation.

A further object of
sharp reduction of the hiech inertia forces
herent in the leverage principle.

Another necessary object 1s to produce an un-
restrained action in the leverage movement.

A further object of the invention is to secure
more efliciency In supercharging and to gain
additional volumetric efficiency.

In obtaining these okjectives and other ad-
vantages, this inventicn sets forth a new and
improved set of ratios, proportions and com-
binations of the integral parts of the leverage
mechanism and other pertinent functioning
parts of the engine to cive the most advan-
taceous engine performance, to relieve stresses
and strains within the engineg and to obtain low
hearing pressures.

Other objects of the invention will appear in
the specification and will be apparent from the
accompanying drawing in which the single figure
is a sectional view of an internal combustion en-
gine, in accordance with this invention,

Referrineg now more particularly to the
ing, an internal combustion engine having many
more or less conventional parts is shown in the
drawing and comprises a piston 13 reciprocable
in a cylinder shell {2, sultably mounted in a ver-
tical casing 14. Intermittent the ends of the
cylinder are discharge openings (§ communicat-
ing with a discharge manifold {8 and having s
gas discharge opening 20 at one side of the casing.

At the top of the cylinder is a cylinder head 22
suitably secured to the casing in which is a re-
cess 284 for receiving a projection 26 of the pis-
ton which also has a recess 28 at cne side thereof
to cooperate with a portion of the recess 24 to
provide a reduced combustion chamber. Coop-
erating with the combustion chamber are a con-
ventional fuel inlet (not shown), an energy cell
30 and a starting glow tube or spark plug 32 in
accordance with our aprlication for Turbulence
Chamber for Internal Combustion Engines, Se-
rial No. 125,824, filed November 12, 1949.

At the top of the combustion chamber is an
air intake valve 34 having a stem 36 engaged by
one end of a pivoted rocker arm 38, the other
end of the arm having operating means includ-
ing a rod 40 actuated in a conventional manner
by a cam 42 on an engine cam cshaft 44. An air
inlet pipe 46 is suitably connected to a chamber
48 outcide of the valve 34 to admit air through
the valve to the combustion chamber in a well
known manner.,

Pivotally connected internally to the piston by
a bearing 50 of moderate size is a piston rod $2.
The lower end of the piston rod is connected to a
suitable bearinz 54 at the outer end of a lever
56 on a center line §8 near the outer end of the

prime importance is a
in-
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lever. The other end of the lever is connected
by a bearing 60 mounted in the casing and upon
an axis 62 such that when the lever is in its sub-
stantially horizontal position, the piston and the
piston rod are substantially at the center of their
strokes.

Connected to the lever B8 intermediate the
ends and near the oufer end is a bearing 64 for
the upper end of a connecting rod 66 which is

located upon an axis 68 parallel to the aXes 58
and 62 of the piston rod and lever respectively.

The lower end of the connecting rod 66 is con-
nected to a bearing 710 suitably mounted upon

" an engine crank shaft 12 in a well known man-
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hausting.

ner, the position of the connecting rod being sub-
stantially vertical when the piston is at both
opposite limiting positions.

In one side of the casing {4, opposite the
movable end of the lever §6 is an opening 14 nor-
molly closed by a plate 16 through which the
lever and its connections with the ends of the
piston rod 52 and the connecting rod 86 are ac-
cessible for insertion, removal, adjustment and
repair.

In the two cycle diesel engine, to cbtain a more
advantageous ratio between the piston move-
raent during the power stroke and during the
scaveneing interval as well as the movement dur-
ing the interval of air intake, to the rotation of
the crank while the exhaust is opén, the propor-
tions of the reciprocating parts are established
which likewise accomplishes the result of ob-

taining maximum pressure Ol the crank pin

when it is in the most advantageous position to
accept and transmit this thrust, that is, during
the power stroke.

At the bottom of Fig. 1, line A represents the
approximate angular position of the connecting
rod 66, and line B the angular location of the
crank shaft relation to its center and this pos!-
tion represents the location of the top of the
piston at the top of the exhaust opening (6 prior
to its opening. The line C represents the angue-
lar position of the connecting rod and the line D
its anzular connection with the motor crank at
the time of the exhaust valve closing. The
angle subtended by the lines B and D is approxi-
mately 10315° of the crank travel. During this
time, the piston has moved only about 15% of
its total movement while the exhaust is open ap-
proximately 299 of the crank rotation. This
ratio permits the attainment of a preater vol-
umetric efficiency by permitting a longer power
stroke followed immediately by a pronounced
dwell of the piston while the crank is in move-
ment of 103°. Because of this pronounced pis-
ton dwell, the exhaust ports or valves open for
more efficient scavenging which in turn provides
greater capacity for the entering oxygen bearing
air through the intake valve or ports.

By receiving the air intake through a valve in
the head and discharging the exhaust near the
bottom of the cvlinder, a remarkably free and
unrestricted exhaust exit is made possible be-
cause of the unusual and novel timing of the air
intake valve and the freedom of the exhaust gas
exit, the exhaust cycle can be reduced to a new
and superior minimum duration. This reduc-
tion in the exhaust cycle is automatically re-
flected in an increased duration of the power
cycle which is also of highly superior duration.
This extra length of power stroke permits a more
complete burning within the cylinder before ex-

This condition is reflected in a re-
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markable non-stalling characteristic of the en-
gine.

These highly superior and novel timing ratios
Or approximately 110° (as interpreted upon the
crankshait) for the scavenging stroke, 120° for the
compression, 130° for the power stroke and 103°
for the exhaust. Such highly desirable timing
ratios have not heretofore been obtainable.

The air inlet valve is timed to open approxi-
mately 5° of erank shaft travel after the exhaust
ports are uncovered by the movement of the
piston and closes approximately 16° after the
exhaust ports are closed. 'This designed lag in
the inlet valve closing permits a blower or a
supercharger to force additional air into the
cylinder aiter the exhaust ports are closed. Ip
this way, supercharging may be effected if de-
sired.

The operation of this engine is in a well known.
two cycle of the diesel type, each down-stroke is
a pressure stroke and each up-stroke is a com-
pression stroke. The proportions of the operat-
ing parts for the most satisfactory results should

have the following limits: The Iength of the

lever 56 expressed in distance between the cen-
ters 62 and 58 of the extreme end bearings should
be held within the limits of 1.25 to 1.60 times the
length of the piston stroke. The ratioc in the
present form of the invention is approximately
1.34 times the piston stroke. 'This ratio may be
changed within the limits mentioned depending
upon the performance characteristics desired.

The distance from the center of the bearing
on the fulcrum end of the lever to the center
68 of the bearing for the upper end of the con-
necting rod should not be less than 53 percent
of the total distance between the vearing cen-
ters 62 and §3 located at the extreme ends of the
lever, In the present form, the center 68 is two-~
thirds or 6625 percent of the distance between
the centers 62 and 58. |

In the two cycle blower aspirated or super-
charged type of diesel engine, the length of the
piston rod should not exceed 1.90 times the stroke
of the piston nor be less than 1.40 times the
stroke of the piston. In the present form, the
ratio is 1.70 times the piston stroke. This may
vary within the limits depending upon the design
of the cylinder ports and of the piston itself,
T'o further minimize any restraint in the com-
plete leveragse linkage, the included angle formed
by the connecting rod approximately at the ex-
treme horizontal positions of the crank throw
should not be more than 34° nor less than 25°,
In the present form, the included angle is 2914°
which may be varied within the specified range
depending upon variations of design.

The lever linkages proportioned within the
foregeing limits overcome the three major handi-
caps predominant in the prior art. In the present
éngine, this gives (1) a greater freedom in rotg-
tive and reciprocating movement: (2) g greater
reduction and equalization of bearing pressures:
and (3) a smaller and more compact lever which
has an appreciable reduction in reciprocating
weight., The use of these proportions and
ratios - produces a free running and more
- pbowerful engine per cubic inch displacement
than heretofore produced by such an engine with
or without benefit of the lever combination. A
supercharged or blower aspirated two eycle diesel
engine would thus prove more advantageous for
use of the leverage mechanism than a 4 cycle
type of engine as there is downward pressure
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upon the piston at all times thereby minimizing
the extreme stresses caused by the heavy in-
ertia forces. Because a diesel engine is essen-
tially a heavy duty type working under very
high pressures, the mass is heavier and more
rugged, thereby accommodating to a better ad-

‘vantage the greater inertia and reciprocating
- weight forces inherent in the lever linkage. For

the industrial type engine, the low and medium
speed range may be taken as up to approximately
1600 crank shaft revolutions per minute.

- Thus all the factors surrounding the princinle,
cycle and construction of the diesel type of en-
gine makes an ideal combination for the low and
medium speed lever construction as described and
shown herein producing thereby a power plant
of high horse-power output with very smooth
running characteristics.

While a lever engine having the construction
and specified limits of certain of the operating
parts has been described in some detail, it should
ke regarded by way of example and illustration
rather than as a limitation or restriction of the
invention as various changes in the construc-
tion, combination and arrangement of the parts

-as well as metallurgical advancements such as

the use of titanium alloys permitting higher
Speeds may be made without departing from the
spirit and scope of the invention.
- We claim: |

1. In an internal combustion engine of the
lever type having a piston with an extending
pivoted piston rod, a crank shaft having a crank
with an extending pivoted connecting rod and 3
lever pivotally mounted at one end and pivotally
connected to the ends of the piston rod and the
connecting rod, the connecting rod being pivoted
to the lever at a distance from the pivot of the
lever substantially two-thirds of the distance of
the pivot of the piston rod from the pivot of the
lever, the arrangement being such that the con-
necting rod and the piston rod are substantially
parallel to each other and to the axis of the pis~
ton at both limits of the stroke of the piston and
the axis of the crank shaft is in the vertical plane
of the connecting rod when said rod is at either
of the limits of the stroke of the piston an air
inlet valve in the cylinder head of the engine, and
exhaust port openings in the lower portions of the
cylinder and uncovered when the piston is near
the lower end of its stroke at which position a
slower piston movement is obtained to provide a
longer scavenging cycle, a relatively shorter ex-
haust cycle, and an expansion stroke of greater
duration than the compression stroke. |

2, In an internal combustion engine of the
lever type in accordance with claim 1, In which
the distance from the center of the bearing at
the pivoted end of the lever to the center of
the bearing for the upper end of the connecting
rod on said lever is not less than 58% of the total
distance between the said bearing centers at the
extreme ends of the lever.

CLLARENCE C. CHRONIC.
CLIFFORD A. SHAFFER.
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