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2. Clmms
This invention. relates. primarily to internal
combustion engines, of the double acting type.
In. the double acting type of engine a double
ended piston is. employed for reciprocatory move-
ment. in a working cylinder, such engines being

grranged to provide a.combustion chamber at

each end of the cylinder for cooperation with
each end of the double ended piston. Engines

2

" as, a further object of my invention, a double
- geting engine of relatively large bore stroke ratio

of this general type are known in the art. and

employ a crankshaft which is directly operably
connected to the double piston without the use

10

of a connecting rod. of the more conventlona.l B

tyne of engine.

It is an object of my invention to provide an

engine having improved compactness for a given

output whereby in comparison. with known en-

gines of equivalent. output, an engine constructed

in accordance with my invention occupies con-

siderahly less space. Such an engine is desirable
for many uses as, for example, for driving maotor

15

which is most desirable for compactness while
al the same time realizing all the other objects
of my invention. Heretofore, in engines-of this
type, it has been deemed necessary to provide a
relatively small bore stroke ratio at a sacrifice of
compactness or to incorporate structural arrange-
ments at'a sacrifice of other desirable character-
istics. This is especially so in connection with
engines  dealing with conventional high gas ex-
plosion pressures and while my invention is pri-
marily directed  to such engines it may also be
of advantage in other machines utilizing un-
usually high pressure operation in the order of
engine pressures rather than ordinary pressures

- usually- dealt; with in compressors, for exambple.

20

velicles wherein space saving, along with weight

and cost reduction, are constantly striven for.

Another object. is to provide an engine of im-
proved. simplicity of parts especially in connec-

tion with a double acting type of engine.

A further: object. of my invention is to. prowde-

an improved double acting engine having its parts

so arranged as to provide improved mechanical

relationships of the parts and at the same time

minimize. the overall dimensions of the_ engine .

for an engine of a.given displacement.

Further objects of my invention.in its more
Iimited aspects are to provide a double acting
engine of improved compactness in which, not-

withstanding the necessity for tlie crankshaft to .
extend through the double ended piston, the, pis-

' '
]

However, generally speakmg, compressor prob-
lems are quite dlﬂierent from engine problems

and many’ a,rrangements accepntable for compres-
‘sors would result in failure if employed in modern
engine structures or in other high pressure ma-
chines. |

Another obJect is to prowde a double actmg

engine arranged for 1mproved mstallatmn in a

motor vehicle by reason of a novel construction
and,. disposition of the eylinder block valv:lng,
cylmder heads, and oil reservoir,

“An additional object is to provide an zmproved
and’ simplified assembly of engine block; crank-

‘shaft, and camshaft components.

Yet, another: object is to provide an Impmve_d
lubricant drainage from the valve chamber, above
the pistons, to the oil reservoir below. the pistons.

Further objects and advantages of my: inven-

- tion reside in the novel combination and. arrange-

ton rings. do not overtravel the slots or open-

ings.in, the cylinder; the. douhle ended piston is
of uniform diameter as is the cylinder in which
the piston slides: the piston intermediate hody
structure, providing the ties hetween the piston

ends,. lHes entirely within the cylinder bore; and

the crank as well as at.least those portions of
the. bearing block which are disposed. immedi-
ately adjacent the piston. slideway are. so. ar-
ranged as to.at all times lie within. the cylinder
bore. In addition, in order that. the optimum

of compactness and engine output be obtained,

I preferably locate the innermost piston ring of
each piston head of the double piston as closely
as practicable to the crankshaft and ta the cyl-
inder block openings for the crankshaft bear-
ings when such piston head is in the extreme
limit of its stroking movement inwardly.

" In earrying out my invention, I have provided,

40
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~ment of parts, more particularly heremafter 'set

forth, reference being made to the accompanymg
dmwmgs in which:
Fig. 1 is-a: longltudmal sectwnal plan vxew

- through a portion. of the engine;

. Fig. 2 is g transverse sectional elevational: wew

through g typical cylinder of the Fig. 1 engine;

Fig. 3 is a'sectional view of the left: hand: p1stcm-
and slidehead or bearing block' in’ their Fig, 1
positions, the view being taken as mdwated by
section lme g—3 of Pig. 1; .

Fig. 4 is a transverse sectional: view: taken
along line 4—4 of Fig. 3 but showmg_the bearing
block of the piston at the left end of Fig. 1, in one
of its extreme positions of movement laterally 90°
from the position.of Figs. 1 and 3, portmns of
the camshaft being also shown; | |
- Fig. 5 is a- dlagrammatlc view 111ustratm':r the
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motion of the bearing
piston:

Fig. 6 is a diagramimatic perspective view of
the cranksnaft.

In the drawings, reference character A repre-
sents the engine crankshaft scructure which, for
reasons of assembly of the engine, is shown built
up in a generally conventional manner. 'This

block relative to the

crankshaft structure has a plurality of sections 13

each composed of a central axial bearing portion
i {, and offset crank-forming end portion B, and
the diagonal portions §3 obliguely connecting

10

each of the hearing portions with a pair of the

terminal crank portions B. The sections (3 are .

appropriately connected in any well-known man-
‘ner, 25 by fasteners i§ which join a crank por-
tion B with an gkligue portion {2 of an adjacent
section 12, the engaged portions having matching
serratvions 15 to facilitate the assembly and in-
crease.the efficiency of the joint.

‘Each of the cranks B is embraced by a slide
head structure or bearing block structure C which

has a cylindrical bearing surface (6 having a
bearing fit with a crank B and a pair of diamet-
rically disposed bearing surfaces 17,
sliding fit in the slideway (8 ¢of a double ended
piston D. This slideway extends transversely of
the common piston and cylinder axis 192 and the

& having a -

Iy
!

elements of the slideway bearing surfaces 28, 2{

engaged by surfaces i1, I8 extend parallel with a
plane 212 which contains the axis 21* of the crank
B and which is perpendicular with the piston axis
{32 the same being also true of the elements of
surfaces 171, 18, The slideway 19 is thus disposed
pel_pendmular {o a plane containing the piston
axis 192 and the axis 342 of the bearing portions
11 of the crankshaft structure A. The slideway 9
and bearing block C are important in that they
provide sufficient area to take the high thrusts

under sliding action without developing undue .

wear and rattle. The bearing bleck, as will be
presently more apparent, presents critical regions
at its corners or regions 22 which lie immediately
adjacent the opposite extremities of the surfaces
1T and 18 in a direction transversely of the piston
ams, as viewed in Fig. 3.

- The slideway (9 is carried by the stluts 23 of
the hollow double ended piston D, each strut ex-
tending centrally inwardly from an assoclated

pressure-receiving head 24 of the piston, as shown

in Figs. 1 and 3. The struts have marginal por-
tions 25 extending inwardly beyonad the siideway
bearing surfaces 28, 21 to retain the block C in
‘proper position axially of the crank BE.  The

piston D is of generally cylindrical formation and

is promded with an inwardly extending annular
skirt portion 26 at each end. The heads 24 of the
piston are tied or connected together structurally
a8, for example, by an intermediate body struc-
ture 28.. This intermediate body structure is pro-
vided with a pair of diametrically disposed piston

slots. or. openings 271 extending axially of the

piston. The slots 27 are so arranged ag to pro-
vide unobstructed reciprocation of the piston and
are of minimum length such that when the piston
is at its extreme limits of reciprocatory travel the
respective ends of the slots 27 are disposed with
minimum practicable clearance with the crank-
shaft structure in order to attain the maximum
compactness for the engine.

Each of the skirt portions 2% is formed with a
plurality of ring-receiving grooves opening out-
wardly toward the cylinder bore for accomimo-
dating the desired number of cutwardly expand-
ing compression rings, oil rings, and the like indi-

ot
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cated at 29, the innermost ring being designated
at 39, the location of the latter being of material
significance in the more limited aspects of my
invention, as will be presently more apparent.
Fach ring is provided with a support land, that
for the innermost ring being indicated at 31.
‘The engine cylinder blcck structure E, accord-
ing to my invention, is shown disposed such that
the cylinders exfend horizontally as shown in
Fig. 2, but in the broader aspects of my invention
the axes of the pistons may extend vertically or
the engine turned at any other desired angle in
which svent the oil reservoir and certain acces-
sories may require re-orientation as will be readily

- understood. It will be understood that terms of

reference to the horizontal and vertical are em-
ployed only for convenience except as may be
expressly otherwise set forth in the appended
claims. Furthermore, my description will for the
most part, be directed to a cylinder and piston
assembly which is typical of the remaining cyl-
inders and pistons of the engine.

- The block E is formed in mating component
half-portions 32, 33 having planar face contact
vertically at plane 34 which passes throuzh the
axis 342 of crankshaft struecture A. The com-
ponent portions 32, 33 are formed with companion

cylinder bhore portions 39 so that when the block

portions are brought together each piston D will
oe slidably contained in what in effect is a single
continuous uniform diameter cylinder F open at
each side of the block and made up of the two
coaxial cylinder bore portions &9, as shown in
Fig. 2. The cylinder block portions are formed
with pairs of mating or companion openings or
recesses for receiving the bearing portions {1 of
the crankshaft structure as will presently be more
apparent. Thus the cylinder block portions to-
gether provide the openings 392 for receiving the
crankshaft structure. The cylinders F are closed
at each end thereof by a cylinder head G seated
at the side of the portions 32, 33 of block E, each
cylinder head having a plurality of combustion

- chambers 395 for the multi~cylinder engine illus-

ot
ol

CO

trated. Each combustion ehamber closes one end
of a cylinder F and is provided with the usual
spark plug 37 where the engine is of the conven-
tional spark ignition type. |

The engine illustrated is of the four-stroke
cycle type having g camshaft structure 38 extend-
ing longitudinally of the engine and driven from
one end of the crankshaft by gears 29, 48 in Fig. 4.
The camshaft has its axis 492 in the plane 34 and
is journalled in bearings 41 located at intervals
above bearings 1 and in suitable mating or com-
panion openings or recesses in the portions 32, 33
of block E. The camshaft operates intake and

exhaust valves 42 and 43 respectively, it being

understood that each combustion chamber 36 has
an upwardly extending valve~-receiving portion 44

accommodating the lift of a set of valves 42, 43
for controlling the fuel mixture intake to the

chamber 36 and the discharge of exhaust gases

therefrom as is well known for four stroke cycle

engines in general. Each of the component cyl-
inder block portions is provided with intake and
exhaust valve seats 422 gand 432 engaged by the
respective valves 42 and 43.

The valves 42, 43 have their stems 45 extend-
ing toward camshaft 38 for operation by cam-
followers or tappets 46, a spring 47 vieldingly
seating each valve and maintaining the tappets
in contact with the various cams 48 of the cam-
shaft 38. The block portions 32, 23 are provided
with intake and exhaust passageways 49, 50 ex-
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tending from the seats 422 and 43« of the: resnec---'

tive intake and exhaust valves 42, 43 upwardly so

as to open. at the upper faces of .block portions
32, 33 for communication with conventmnal in-
fake and exhaust manifolds (not shown).

For an engine.of the liquid-cooled type the

cylinder -heads G have cored chambers 5§ for the.
circulation of a coolant, these chambers opening
at 92 to the cored chambers 53 of the block

portions 32, 33 for surrounding the cylinders P
with the coolant. 'The chambers 53 are open

to each other for circulation of the coolant at 54

- In order to prevent leakage of the coolant at

the plane 34 where the block portions 32, 33 are

brought together in face contact, these face por-

tions:are preferably lapped and coated prior to

‘assembly with a. commercial rubber cement. or
other suitable sealing medium which will permit

s_

diameter M of the cranksharft. bearmgs I‘I'shquld:

be a minimum  consistent with allowahle stress
and bearing loads. For engines of the conven-
tional carburetor aspirator type, I have: deter=
mined that by utilizing available commercial
forged material for the crankshaft structure, the

- ratio of the cylinder bore J to H should be in

10
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the-block portions to be accurately fitted together

to preserve the desiredq relationship in the com-
ponent portions of the engine elements as, for
example, the cylinders and the: bearmgs for
the crankshaft and camshaft.

- The portions 32, 33 of the block E are held
together in assembled relationship, along with
the cylinder heads G, crankshaft A, and eamshaft
38, by a plurality of tie-bolts 54’ which extend
laterally: all the way through fthe component
cylinder block portions and through the eylinder
heads G, the opposite headed ends of the tie-bolts

20

excess of approximately 2.4, say 2.4 {9 2.6. If
the ratio is' materialy h1gher then exeessive de-
flection and. loads are placed. on the crankshaft
leading to failures at bearings 1t and at the
bearing block C, for example.  If this ratio . is
materially lower, then H is too large in. relation
to J from a. standpoint of necessary strength
and, of more importance, such relationship exacts.
a. magnified penalty on the ultimate size, weight,
and cost. of the engine for a given power output.

“The general relationship of J in terms of H 1is as

rollows:

(H) +(H) (H) Pl

Whele K is the length of the bearing I{, L is the
total allowable stress, and M is the apphed pres-
sure on the piston. For good practice, I have
illustrated the bearings (I as being of a length
K equal to half their diameter. As the allowable
siress of the material is about 20,000 p. s.. i. it
will be found that the ratio of J° to H is 2.4, In

~ time other materials may be discovered which

30

being seated on suitable faces provided by the

outer sides of the 10ng1tud1nally extendmg cylm-
der heads G.. |

In carrying out my mventlon I have pro- |
vided certain physical relationships of the various -

parts in order to obtain maximum compactness
of the engine which is of the greatest practicable
importance. In automotive, aircraft, or even
stationary power plant installations, engineers
have striven to provide an engine which will
produce more power for a given physical size, the
latter also necessarily including weight and cost.
In automotive. installations such compactness in

engine constructions is of the greatest import-

ance in providing a minimum of space for the
power plant and a maximum of space for the
passenger or load compartment as well as a
maximum of space. for wheel suspensions,. steer-
ing mechanism, and other vehicle equipment.
This, of course, means that if such vehicle is
powered commensurate with. standard practice
my- engine would occupy much less. space and
would be much lighter and 1ess cestly to manu-
facture. |

I have discovered that there are certam crltlcal |

relationships of certain of the parts of a double
~acting engine, these being interdependent on
each: other so that if they-are brought together
according to my teachings then the: desired com-
pactness will result, -On: the other hand, if
certain of the component relationships are not
observed, then this in turn reguires such distor-

will permit this ratio of approximately 2.5 to
be increased which will be of advantage in fol-

~ lowing the teachings of my invention and in my

P
N

reference herein to specific values of such ratio,

I naturally contemplate such deviations there-

from as may be made possible by the utilizing of
materials for the crankshaft which may he suite

- able as well as deviations occasioned by the use

4.

o0

of combustion pressures higher than the assumed

conventmnal pressure of around 600 p. s.i. How-
ever, for modern practice as a substltute for
present popular automotive engines the ratio
of approximately 2.5 is chosen as being deter-
minative of achieving the improvements set
forth herem for purposes of 111ustra,t1ng my in-

Ventmn

With the values of J and H havmg been de-
termined, the proper stroke of the engine is also
determined thereby as will be presently apparent
and is not to be taken as any arbitrary valué
according to my inventon. I determine the maxi-

mum proper engine stroke for the maximum of
compaciness as that value which will cause the
- bearing block C to travel in a path such that

- the continuity of the cylinder ¥ will not be in-

60

tion of other of the inherent relationships that -

“the advantages of my invention eannot be real-
1zed, at least not to the extent possible by such
observance, -

In an engine havmg conventional carburetor

rtype of aspiration, pressures in the combustion
chamber are developed, with fuels of the most
common octane rating, in the order of 600 p. s. i.

(pounds per square inch) although with super-

charging and for high octane fuels or for

diesel engine practice pressures of 1200 p. s. i.

and even more. are utilized. In constructing a
‘double acting engine, it is important that the

cylinder wall.

terrupted outwardly of the crankshaft axis 34

at a-distance greaterthan the interruption neces-
sarily requireq for accommodating the crank-
shaft A whereby the innermost piston ring 30
will not travel over any such interruption in the
As it is generally desirable to
provide the crankpin B with a diameter equal to
H, and as the bearing block C surrounds the
crankpin, it will be apparent that the sweep of
the corner regions 22 of block C present critical

limitations to the maximum proper engine stroke.
However, by providing an engine stroke of ap-

- ‘proximately 50% of the value of bore diameter J,

it will be found that my requlrements can bhe

'1ead11y fulfilled.
70

The minimum length-N as well as the width
N’ of the bearing block C as seen in Fig. 3
should be, from the standpoint of practical con-

‘silderations, approximately 1.25 times that of

~ the crankpin diameter H. By proportioning the

15

ratio of the bore J to the stroke O substantially
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2 to 1, while providing adequate ties for the op-
posite piston heads 24, then the travel of the
advancing corner region 22 will describe an
arcuate path P which, as seen in Fig. 5, will at all
times lie within the cylinder bore.
- In Fig. 5, the regions 22 are prefera.bly cuwed
at 56 in the direction ¢f the thickness of block C
concentrically with the cylinder so that they may
swing closely {0 the cylinder with substantially
minimum clearance and without breaking into
the cylinder and thereby not penalizing the max-
imum available stroke. Such clearance can, as
& Dpractical matter, be maintained as little as
020 times the diameter of the crank portion 12,
The travel of the extreme element of an ad-
vancing region 22 is illustrated by circular paths
5T and &3 for the respeective points 58 and 69 on
such element. It will be noted that these arcs do
not cut the cylinder. In similar manner the
travel of two points 61,
at the infermediate region 95 is shown by circu-
lar paths 063, €4 respectively which likewise do
not cut the cyhndel and the end faces of the
block C between the corner regions 22 are pro-
vided with the aforesaid curvature 55 concentric
with the cylinder bore. Thus, in the engine il-
lustrated, the crank portion B and block C lie
within the cylinder bere during operation of the
engine, this being especially desirable in connec-
tion with the crank and the corner regions 22.
The offset of the crank portion B is of such
amount in relatlonshlp with the cylinder bore J,
~and the bearing block structure C and slideway
{9 are so constructed and arranged, that the

regions 22 always lie within the bore of cylinder -

F when, during operation of the engine, the re-
gions 22 are disposed outwardly axially of the
bore from parallel planes 642 and 64F. These
planes are perpendicular to the cylinder axis 192
and are tangent with the crankshaft-recelving
openings 352. By maintaining such relationship,
the regions 22 will move in such a path that they
will not require .interrupting the cylinder bore
axially cutwardly from the interruption at 352
necessary to receive the crankshaft structure.
Therefore, if the piston rings clear to openings
352 then they may be disposed to move close to
these openings and yet always slide on uninter-
rupted pecrtions of the cylinder bore even though,
at times, the eritical corner regions 22 of the
hearing block structure C lie cutside of the par-
allel planes 542 and 64, In fact, in my arrange-
ment, no part of the structure C or crank poxrtion
B cuts the cylinder bore oufside of these parallel
planes and this arrangement permits the rings
to be posmoned for close approach to the open-
ings 35 and the realization of maximum com-
pactness for the engine as a whole.

It will be noted that the offset of the clank
portion B, which determines the stroke O, is of
such a predetermined amount in relationship
with the diamefer J of the cylinder bore ¥ that,
during operation of the engine, each of the ob-
ligue portions 13 of the crankshaft structure A
will sweep a path adjacent the intermediate
body structure 28 oi piston D such that, when
the piston is midway of its stroke as shown in
Fig. 4, such cblique portion will be disposed in
o direction transversely of the piston axis 198
with substantially minimum clearance 65 with
respect to a piston tie-portion or Intermediate
Liston body structure 28 which lies between a
piston opening 2T and one end of the slideway

{§ and which is disposed-at such time adjacent
a p..ane perpeadlcular to the piston axis (92 con-

£2 lying in an element :

)

N

NS
ot

a0

e
ot

40

60

D

-0of the cylinder hore.

8

taining the axis 342 of the crankshaft structure.
My reference to minimum clearance will be
readily understood as meaning the usual prac-
tical nominal minimum clearance for accommo-
dating necessary shop tolerance operations. In
production it is usually desirable to assemble
crankshaits as forged and without machining ex-
cept for the bearing and crank journals and
where necessary to connect the crankshaft sec-
tions. Where such a forged crankshaft structure
is employed, without machining the outer sur-
faces of the oblique porticns {3, and where the
piston D is not machined as to these portions
adjacent the region of minimum clearance at
65, this minimum clearance should be about one-
eighth of an inch plus or minus usual shop toler-
ances in order to most fully realize the advan-
tages of my invention. Of course, if the crank-
shaft or piston is machined at the region 65 then
this minimum clearance may be somewhat
lessened. The opposite head portions 24 of the
piston must, of course, be connected together
sufficiently to maintain the desired rigidity of the
piston to insure its proper operation and there-
fore adequate thickness of material must be im-
patrted to the piston intermediate body structure
28. When this is effected, certain of the impor-
tant objects ¢f my invention may be realized by
providing the obligue crankshaft portions (3 dis-
posed to move with substantially minimum clear-
ance with reference to the piston tie portions
thus insturing the maximum piston stroke and
the maximum compactness for the engine.

In connection with the piston rings 293, 30 it
will be noted that they are so disposed, in rela-
tionship withh the crankshaft-receiving openings
352, as to always remain in engagement with
porvions of the cylinder bore which are disposed
outwardly of these openings in a direction axially
of the bore during operation of the engine.

An important characteristic of my invention in
its somewhat more limited aspects resides in the
dispesitionn of the innermost piston ring 30 of
each piston D for movement contiguous to the
associated crankshaft bearings ({ and contig-
uous to the cylinder block openings 25* for such
bearings. By so locating these inner rings the
length of the piston is kept to a minimum and,
therefore, the width of the engine is minimized
along with the optimum in compactness, low
weight, and low cost. Furthermore, such ring
location in a sense determines the maximum
stroke of the piston as I deem it to be desirable
to have the piston rings always engage the con-
tinuously eylindrical uninterrupted wall portions
of the cylinder bore F' to avoid danger of the
rings expanding into cylinder openings with con-
sequent damage to the rings, lands, cylinders,
and leakage past the rings. Therefore, the rings
should not overlap any cylinder openings at least
to such an extent as to give rise to tendency of
the rings to expand into any cylinder openings
or to otherwise cause undesired wear of the cyl-
inder and rings and jamming and breakage of
these parts.

The innermost ring 38 associated with each pis-
ton head portion 24 has its inner surface boun-
dary, axially of the piston, disposed in a ring-
surface plane 64¢ which is normal to axis 192 and

disposed as shown in PFig. 1 when such piston

head portion is at the limit of its stroke inwardly
The stroke O is such in
relationship with the cylinder bore size J and the

bearing block structure C and slideway ({9 are so

constructed and arranged that the regions 22 al-
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ways lie within the cylinder bore when, during
operation of the engine, such region 22 is dis-
posed outwardly axially of said bore from such
planes 64¢.,

The be&rmg blcck C 15 thus mamtamcd of
minimum length in the direction of slideway 19
such that the corner regions:22 remain within
the cylinder walls at all-times. Inasmuch as
openings. in the cylinder walls are necessary. to
journdal the crankshaft and inasmuch as I have

provided an arrangement which: causes the piston

rings to avoid overlapping such journal openings,
certain. of the advantages - derived therefrom
wauld be, at least to some extent, lost if the bear-
ing block. C was arranged for such movement as
to require an opening in the c¢ylinder wall into
which the piston rings could expand Wlth ‘de-
structive results.

Certain of my engines arranged in accordance
with my invention provide a bore stroke ratio
J/O of 2, as aforesaid, with the desired good
results. Obviously some ldtitude in the ratios
set forth herein may be taken, and Y have cited
specific quantitative examples by way of illus-
trating the basic principles of my invention and
not by way of limitation as a matter of exXact
figures. Likewise such engines incorporate a ratio
of bore to crankshait hearing diameter J/H of 2.5
and 2.6 and g ratio of stroke to crankshaft bear-
ing diameter O/H of approximately 1.29.

The relationship of O/H is derived from

J J
from which
0
=125

thus further illustrating the desired relationship
of stroke O in terms of crankshaft bearing di-
ameter H dependent on a common relationship
which each has with the bore J.

Any suitable crankshaft throw a,rrangemcnt,

may be provided such as the Fig. 6 arrange-
ment of cranks for the four cylinder engine illus-
trated. Cranks { and 2 are in the same plane
but 180° from each other. Cranks 3 and 4 are
likewise in a common plane and 180° apart.
These two planes are related 80° from each other.
This four cylinder engine is, in e
cylinder engine as each of the four cylinders
hereinbefore diseussed in detail provides two com-
bustion chambers each having its piston head
for operating the crankshaft. Obviously any
number of cylinders may be used to construct
an engine within the teachings of my invention.

The split cylinder block B facilitates the as-
sembly of my engine. The bearing block C and
pistons are assembled on crank portions which are
thereafter connected at (4, i8. Then the block

sections 32, 33 are brought together to contain

the various parts shown in Fig, 2 and the tie-
bolts 54’ secured in place. |

The camshait bearings 41 are formed in halves
for assembly in the mating semi-cylindrical open-

ings 66 of the block portions 32, 33 whereby the

camshaft structure 38 is rotatably journalled at
its journal porticns 61. Between the openings
66 the cylinder block structure E is provided with
component mating portions %8 providing cam

chambers which accommodate rotation of cams

48, these chambers being open to each other by
passages formed by component semi-cylindrical
openings 69 in the faces of the block portions 32,
33. FEach passage £2 extends in the direction of

fect, an eight s5:
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the. camshaft axis 402 and is locdted adjacent g
bearing 41 as best sthown in Fig. 4. Lubricant is
supplied to the various moving parts -in any ap-
propriate manner (not shown) and the lubricant
tending to collect in the ecam chambers 68 drains
through passages 69 thence to the front of the
engine and through a similar passage 70 and
downwardly in the casing T{ which houses the
camshaft drive gears 39, 40 and thence into the
0il reservoir or sump provided by the pan T2.
This 01l pan is appropriately secured to the under
face of block structure B, when the engine 13
mounted as illustrated, by fasteners T3.

- In order to relieve the hollow portions of each
piston structure D of lubricating oil escaping
from the main bearings (1 and the bearing parts
at the crank portions B and slideway C, the block
portions 32, 33 are provided with passages formed
by the component mating semi-cylindrical open-
ings T4. Each of these passages has its-lower
end open {o the pan 12 and its upper end open
to a-cylinder ¥ in the plane 34 so that-each pas-
sage provides. drainage from one cylinder to- the
oil pan. I will be apparent that: the upper ends
of these passages 14 are protected by the heads
of each piston from exposure to the combustion
chambers 36 or to the portions of the cylinders
F which, during operation of the engine, lie out-
wardly from the piston heads in the direction of
the cylinder axes {192, The power is taken from
the rear end of the crankshaft structure 28 in
a manner conventional with engines in general.

Engines of various desired capacities may be
readily made following the teachings of my in-
vention. Engines having cylinder bores larger
than that illustrated will naturally develop more
total pressure on the piston with consequent in-
crease in size of crankshaift end bearing dimen-
sion H. This would have a tendency to limit the
available stroke except for the necessary increase
in crankshaft bearing diameter which, in turn,
accommodates g stroke of substantially half the
bore diameter. As fuels of higher octane rating
bhecome more available or with supercharged fuel
mixture or with diesel cycles, higher compression
ratios may be used thus increasing the piston
load for a given size cylinder bore and reguiring
inerease in size of crankshaft and dimension H.
This will have the tendency to somewhat shorten
the available stroke in relation to the bore and
increase the ratio of J/O hereinbefore set forth.
However, such ratio will still in the ultimate not
greatly exceed the ratio sef forth herein and even
in such instances the maximum in compactness
may be readily obtained by following the teach-
ings of my invention.

Features of novelly not claimed but disclosed
in my subject application are more fully disclosed
and claimed in the copending applications of
John P. Butterfield, Serial Nos. 16,645, 16646,
16,648, 16,649, 16,650, filed March 24, 1948, and
Patent No. 2,071,198.

I claim: |

1. A double acting engine comprising a cylinder
block with a piston bore therethrough, a crank-
shaft formed of interconnected sections journaled

in said block and extending transversely of said

bore intermediate the ends thereof, said crank-
shaft having journal bearing portions at obposite
sides of said bore extending at right angles to the
axis of the piston bore and a crank located within
said bore between said journal bearing portions
of such size and shape as to be continuously
positioned within said bore during crankshaft
rotation, the diameter of the bore being approxi-
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mately 2.5 times the diameter of the crankshaft
bearing portions, a double ended piston mountel
inn said bore and pierced by said crankshaift inter-
mediate the ends thereof, said piston having an
interiorly disposed slideway, a unitary bearing
block rotatably journaled on the crank and slida-
bly connected to the piston slideway, said piston
slideway extending transversely of the piston at
right angles to the bore axis, said bearing block
being of a length longitudinally of the slideway
of not less than 1.25 times the crank diameter,
said bearing block being shaped such that the
sliding bearing surfaces therecf remain continu-
ously within said bore during crankshaft rotation,
and said crank being of such shape that the ratio
of the diameter of the piston bore to the length
of the piston stroke is approximately 2 to 1.

2. The engine structure set forth in claim 1
wherein the opposite ends of the sliding bearing
surfaces of the bearing block are convexly curved
to permit the bearing block to have the maximum
stroke transversely of the piston while main-
taining the sliding bearing surfaces continuously
within the cylinder bore during crankshaft rota-
tion.

ALEXANDER G. HERRESHOFF.
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