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UNITED STATES PATENT OFFICE.

_GEORGE: K. DAVOL, OF SAN FRANCISCO, CALIFORNIA.

mTERNAL-ct)MBUST'mN ENGINE.

1,194,522,

Specification of Letters Paten

>atented Aug. 15, 1916.

Appl{catlon filed November 12, 1912, Serlal No, 730,884.

To allwhom it may concernd -

Be it known that I, Georer K. Davor, a
citizen of the United States, residing in the
city and county of San- Francisco, in the
State of Californin, have invented a new
and useful form of Internal-Combustion
Ingine, of which the following forms &
specification. ’ : -

My invention has particular reference to

ot

10
tho two-stroke cycle. It provides a means
of utilizing the crank chamber for the com-
pression of the scavenging. air iwithout ren-
dering the engine parts innccessible and is a
way to supply an exceptionally large vol-
wme of scavenging air. It permits of the
scavenging air being compressed without
bringing 1t in contact with lubricated sur-
faces, It provides for a very efficient: means
of supporting and guiding the working pis-
ton-and presents g simpTe, light, and .me-
chanically advantageous design. .These an
many other important ends are attained by
my invention. . L ,
In the accompanying drawings: Tigure 1
shows n section taken through the center of
the engine in a plane perpendicular to the
axis of the crank shaft.  Kig. 2 shows a sec-
tion taken through the center of the en
on line. X—X, Iig. 1. Fig. 3 shows a
eross section talken on line Y—Y, Figs. 1, 2
and 5. TFig. 4 shows n cross soction talken
on line W—W, Figs. 1, 2 and 5. Fig. &
shows an end external view of the engine.
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Similar parts are designated- by the sanie -

roference numbers in all the drawings.
Some minor parts are not shown in all the
drawings.
Referring to the drawings, the frame of
the engine comprises two side columns 1
and 2 joined at their upper ends and secured
at their lower ends to the engine base 3, on
opposite sides of the crank shaft-4. The
45 crank shnft 4 is carried by the bearings &
held in the base, the top surface of the benr-
ings being faced off level with the top sur-
faoe of the base. The bearings are fitted to
make air tight, connections with the base.
The upper end of -the frame - where the
two. side columns joiny
form and is bored vertically: to receive the
wotking cylinder. 6. - The cylinder 6 is
pushed into -this bored hole in the frame
from below until the shoulder 7 hears
aguinst the frame. This shoulder takes the
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‘nternal combustion engines operating. on .

. Two flat surfaced end plates,

ine -
in the plane of the axis of the crank shaft or .
. by bolts or not,

takes a cylindrical .

cylinder thrust. The cylinder 6 has tight
contact with the bore in the frame through-
out the circumference at its upper end, and
at a point between the upper and lower
ends. In this way an inclosed space 8 is
provided between the frame and eylinder,
forming a water jacket, while ‘the open
space 9 in the cylinder head is connected to
the passages in the frame opening into this
central bore.

The two side columns 1 and 2, extending
downward from the upper portion of the

.frame have the whole or a portion of their

two sides which face the ends of the crank
shaft, faced off to form plane surfaces per-
pendicular to the axis of the crank shaft,
and the two columns are preferably of the
same width in the direction of the axis of
the crank shaft, as is shown in the drawings.
Further, the side of either of the two col-
umns which faces either end of the crank

d - shaft lies in the same plane with the corre-

sponding side of the opposite column.

10 and 11,
are secured to the lower ends of the two
columns by fitted bolts or by bolts and
dowels 12, and so connect the opposite col-
umns. These end plates have their lower
edge or side in contact with the upper face
of the base, and-may be secured to the base
as desired ; they must, how-
ever, make contact or connection or joint
with the base and tops of the bearings, 5,
sufficiently tight to hold the pressure of the

scavenging air.

Actual metallic contact between end plates
10 and 11, and top surfaces of base and bear-
ings is not an absolute necessity, as a slight
clearance packed with rubber or otherwise
will effect the same ends, the essential re-
quirement being that un air tight joint may
be made between these parts, which is most
simply made by actual contact. It is now
seen that the base and bearings together with
the two side columns and the two end plates
form an inclosed crank chamber open only
at the top.
~ The two. columns 1 and 2 are hollow and
form passages 18 and 14, which connect the
crank chamber with the central bore in the
upper end of the frame, or when the cylinder
6 is in place, with the air passage 9 within
the cylinder head.

The two columns have their two inner
opposing surfaces faced off to present two
planes preferably converging toward each
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other at their upper ends, and ngainst these
two surfaces are held two glides 15 and 16,
which are wedge shaped or thinner at their
upper ends than at their lower ends. By
making the angle of convergence of the sur-
faces of the columns the same us that of the
wedge shaped slides, the inner or opposing
faces of the slides when in place will present
two parallel vertical planes. These slides
15 and 16 are made the same width as that
of the columns ngninst which they are held,
so that the end plates 10 and 11 secured to
the columns are also substantially in contact
with the slides. The contact between the
end plates and the columns and between the
end plates and the slides is sufficiently close
to be substantially air tight against the
pressure of the scavenging nir. It is now
scen that the inner surfaces of the two slides
15 and 16, together with the inner faces of
the two end plates 10 and 11, form a ver-
tical passage of uniform rec angular cross
section, opening from above into the crank
chamber, and in this passage or guide so
formed reciprocates the cross head 17.

The cross head 17 is of rectangular cross
section and fits and fills the section of the
guide as shown in Fig. 4 and acts as u plun-
ger or piston to compress the scuvengin¥ air
within the crank chamber. The cross 1ead
17 carries the wrist pin 18 which engnges
with the connecting rod 19 which in turn
has the usual connection to the crank on the
crank shaft 4.

The inner faces of the columns 1 and 2
may, of course, be finished to present ver-
tical surfaces and the slides 15 and 16
omitted, but this would be at a considerable
sncrifice, as the slides allow of adjustment
for wear and inaccurate workmanship and
also serve the important purpose of center-
ing or adjusting the position of the piston
within the cylinder.

It is of course not essentinl that the con-
tncting surfaces of the glides with the col-
umns and with the cross head be plane sur-
fuces although this is my preferred form;
cylindrical or other forms of surfaces could
be employed without departing from the
essentinls of my invention, )

The cross head 17, which is closed midway
in its length by the diaphragm 20, carries
the working piston or plunger 21. rigidly at-
tached to the diaphragm by bolts or other-
wise. The upper part of the cross head 17
is formed by two side extensions which ex-
tend upon opposite sides of the piston or
plunger 21, and so reduce the “overhang”
or distance which the end of the piston or
Elunger extends beyond the end of the cross

ead. This feature is important as the pis-
ton is in this way guided with greater ac-
curacy than if the cross head terminated, for
example, at the diaphragm 20. These side
extensions of the cross head reciprocate on

1,194,723

the slides 15 and 16 within the spaces be-
tween the cylinder 6 and the columns 1
and 2. Thus the cylinder 6, extending down
between the slides and columns together with
the cross head having sides extending up
on both sides of the cylinder and carrying
the working piston or plunger hetween the
extensions, malkes an important and effective
combination. The piston or plunger is thus
rigidly held and guided to reciprocate with-
in the cylinder 6, and if reasonable clear-
ances be provided there need be no actual
contact between the rigid body of the piston
and the rigid walls of the ceylinder, and the
necessary gas tightness or working fits be-
tween piston and eylinder, will be secured
bgl other means, ns for example by the usual
elastic packing rings as shown in Figs. 1
and 2.

Near the lower end of the cylinder 6. ex-
haust openings or ports 22, Tigs. 2 nnd 8,
are provided in the walls of the cylinder,
which ports are overrun or uncovered by
the piston at the lower end of its stroke.
These exhaust ports open on opposite sides
of the cylinder and connect with exhaust
passages, to accommodate which the sides of
the cross head are cut away us is shown
clearly in Fig. 5.

Near the upper end of the passages 13 aned
14, in the columns 1 and 2, openings arve
provided which ave closed by the suction
valve plates 23 and 24 These plates have
openings through them which are covered hy
the flap valves 25, which are shown in Iig.
1, partly open. These suction flap valves
permit air to enter the passages 13 and 14
from the outside but prevent passage of aiv
in the opposite direction.

The slides 15 and 16 ave secured to the
columns by the bolts 27, which pass through
large holes in the columm gides allowing ver-
tical movement to the slides. The shides are
adjusted by the vertical serews 28 bearing
agninst their lower edges.

Inspection doors 20 are
the columns 1 and 2.

Guide strips 30 are attached to the columns
above the end plates and assigt in guiding
the cross head.

1 will now deseribe the action of the en-
gine: On the rising stroke of the pistan and
cross head, a partial vacuum is formed in the
crank chamber and passages 13 and 14 This
causes the externnl air to apen the suction
valves 25 and enter the passages 13 and 1.
The cubic capncity of these passages is so

roY()rtioned that the charge of air so drawn
in does not enter the crank chamber at all.
as the snid passages in the columns ave lavge
enough to hold the entive amount. On the
descending stroke of the piston and cross
head, the valves 25 close nnd the air en-
teapped within the erank ehnmber nnd pas-
sages 13 and 14 and connecting the spuce Y

placed in each of
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within the cylinder head, is slightly com-
pressed. During this downward stroke, the
working gases within the cylinder 6, expand
and at the lower end of the stroke are re-
Jeased and exhausted through' the ports 22.
The scavenging valves 26 in the cylinder
lhead nre:then opened by a suitable means
not shown, and communication established
between the- working' cylinder and the air
passages 9. The air compressed within the
crank chamber and column passages 13 and
14, then expands and rushes through the
scavenging valves 26 and the cylinder, scav-
enging out the cylinder and charging it for
the next compression or up stroke of the
piston. The air so rushing through the scav-
enging valves consists only of that air drawn
through the suction valves 25 into the side
passages 13 and 14. The air which actually
filled the crank chamber expands only sufti-
ciently to approximately fill the passages 13
and 14, but not sufticiently to enter the ex-
treme end of the passages 13 and 14, or the
eylinder head passages 9. On the succeeding
upward stroke of the cross head 17, this sume
air is again drawn back into the crank cham-
ber, being displaced in the pnssa{;es 13 and
14 by fresh outside air entering through the
valves 25. It is thus seen comprehensively
that the same body of air remains in the
crank chamber and acts as n displacer of the
air drawn from the outside into the side
passages 13 and 14, being forced back and
forth from crank chamber into side pus-
sages. This fenture is of great advantage
as by it the outside scavenging air is kept
substantinlly free from contact with lubri-
cated surfaces during the preliminary com-
pression, so that no dust is enrried by it into
the crank chambers or into a pump cylinder,
and no lubricating oil can be carried by it
into the working cylinder ; both of which ac-
tions have been observed in the operation
of other existing internal combustion en-
gines.

On nccount of the cross head having a
cross section of reetangular form which can
conveniently be made large, the amount of
seavenging nir handled cun conveniently and
with ndyantage be made lnrge. The benring
surfaces of the cross hend on the slides is also
conveniently made exceptionaily Inrge and
subject to ensy and efficient adjustment,

The form of the frame of the engine com-
prising as it does two separate legs or col-
umns r[m\'ing no integral connection above
the base and below the upper end of the
frame, permits, by removing the end plates
10 and 11, the greatest degree of accessibility
to the working parts -of the en ine. " By
removing the end plates 10 and 1 and dis-

‘connecting the connecting rod, all recipro-

ating. parts, including working piston, can
e removed, as can also the crank shaft with-
out disturbing othier” parts of the cngine;

“any equivalents known in the

- with the engine base.

8

‘and this nccessibility is attained with the

simplicity attendant upon compression of the
scavenging air within the crank chamber.
VVhi%e T have shown my invention in the
particular embodiments herein shown and
described, I do not, however, limit myself to
these exact constructions, as I may employ
art without de-
parting from the spirit of my invention.
What I claim is:
1. In an internal combustion engine. the

~ecombination of a closed crank chamber in

which compression of the air talkes place, a
base, & frame comprising two columms se-
cured to the base on opposite sides of the
crank shaft, and two end plates secured to
and connecting the said two columns and
making substantially air tight joints with
snid columns and with said base.

9. Tn an internal combustion engine, the
combination of a closed crank c¢hamber in
which compression of the air takes place. u
base, a cylinder head, a frame comprising
two columns secured to the base on opposite
gides of the crank shaft, the two said
columns being hollow and forming passages
between the crank chamber and the cylinder
head, and two end plates secured to and con-
necting the two said columns and naking
substantinlly air tight joints with the base
and with said columns.

3. In a substantially vertical internal com-
bustion -engine, the combination of o closed
crank chamber in which compression of air
takes place comprising an engine base, two
columns secured at their lower ends to the
engine base on opposite sides of the crank
shaft, ench of said columns having its two
side surfaces which face the two ends of the
crank shaft lying in two pavallel planes ap-
proximately perpendicular to the axis of the
crank shaft, the said plane surfaces extend-
ing from the lower end of the columns where
connection with the base is made upward,
and two flat end plates secured to said plane
surfaces and connecting the two columns
and making substantinlly tight connection

4, In an internal combustion engine, the
combinntion of a closed crank chamber in
which compression of the nir takes place.
suid closed crank chamber comprising an
engine hase, two columns secured to the
engine base on opposite sides of the crank
shaft, and two eund plates secured to and
connecting the lower portions of the two said
columns. and a cross-head reeiproeating in
snid crank chamber and having a Cross-
gection to fit the sprce between said columns
and between said end plates.

5. In an internal combustion engine, the

‘combination of a closed erank chamber in

which preliminary compression of the aiv
takes placo. nn engine bage, two colinms se-
cured to the engine buse on opposite sides
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of the crank shaft, two end plates secured to
and connecting the said two columns, two
adjustable slides held against the opposing
faces of said columns, and a reciprocating

cross head or plunger of rectangular cross

section moving in contact with said slides
and with said end plates.

¢. In an internal combustion engine, the
combination of a closed crank chamber in
which compression of the air takes place, an
engine base, o eylinder head, two columns
secured to the engine base on opposite sides
of the crank shaft, the snid two columns
being hollow and forming passages between
the crank chamber and the cylinder head,
two end plates secured to and connecting
the said columns, two adj ustable slides held
Letween said end plates and against the faces
of the said two columns, and a reciproeating
cross head or plunger having a cross section
to fit and fill the cross section of the space
inclosed by the said two slides and the said
two end plates.

7. In an internal combustion engine, the
combination of a closed crank chamber in
which compression of the air takes place, an
engine base, two columns secured to the
engine base on opposite sides of the crank
shaft, two slides held against the inner faces
of the columns, the said slides and the said
columns being of substantially the same
width in the direction of the length of the
crank shaft, two end plates secured to and
connecting the two said columns and having
substantially air tight connection with the
engine base, said end plates forming with
snid slides a tubular passage or Cross head
guide of rectangular cross section, and a
reciprocating cross head or plunger of cross
section to fit and fill said tubular guide.

8. In nn internal combustion engine, the
combination of a closed crank chamber in
which compression of uwir tukes place, an
engine base, n cylinder head, two columns
seeured to the engine base on opposite sides
of the crank shaft, said columns being
hollow and forming passages between the
crank chamber and the cylinder head, two
dlides held against the inner faces of said
columns, said slides and said columns being
of substantially the same width in the di-
rection of the axis of the crank shaft, two
end plates forming substantially air tight
joints with the engine base secured to and
connecting the two said columns and form-
ing with the two said slides an inclosed cross
head or plunger guide of rectangular cross
section, and a reciprocating cross head or
plunger of cross section to fit and fill said
guide.

9. In an internal combustion engine, the
combination of n closed crank chamber in
which compression of the air takes place,
two columns secured to the engine base on
opposite sides of the crank shaft, the two

1,194,722

inner faces of the said colunmns converging
at an angle, two adjustable slides having the
same width as the columns and being held
against the inner faces of the columns, and
two end plates secured to and connecting the
said two columns and making substantially
air tight joints with the engine base and
forming with said slides anl inclosed cross
head or plunger guide opening into the
crank chamber.

10. In an internal combustion engine, the
combination of a closed crank chamber in
which compression of the air takes place,
comprising an engine base, two colimns se-
cured to the engine base on opposite sides
of the crank shaft, and two end plates se-
cured to and connecting the gaid columns,
the inner faces of caid columns being far-
ther apart at their lower ends than at their
upper ends, two adjustable slides held
against the inner faces of said columns, and
a reciprocating cross head or plunger hav-
ing a cross section to fit and fill the space
inclosed by said slides and said end plates.

11. In an internal combustion engine, the
combination of a closed crank chamber in
which compression of the air takes place,
comprising an engine base, two columns
secured to the engine base on opposite sides
of the crank shaft, and two end plates se-
cured to and connecting the said two col-
imns, said end plates making substantially
air tight joints with the engine base, a pis-
ton and a cross head or plunger of rectangu-
lar cross section reciprocating between said
columns and between said end plates and
having rigidly attached to it the working
piston of the engine.

12. In an internal combustion engine, the
combination of a closed crank chamber com-
prising an engine base, n cylinder head, two
side columns and two end plates, said end
plates being secured to and connecting, said
columng and ench of said columns aud cad
plates having substantinlly air tight connece-
tion with the engine base, said columns be-
ing hollow and forming passages which
open at their lower ends to the crank cham-
ber and at their upper ends communicate
with the cylinder head, and suction valves
for nir opening into the said passages near
their upper ends. '

18. In an internal combustion engine, the
combination of a closed erank chamber m
which compression of the air takes place, a
tubular cross head or plunger guide of rec-
tangular cross section opening into the said
crank chamber, said guide comprising two
glides held against the inner faces of two
columns on opposite sides of the ¢ ank shaft
and having the same width as said columns,
and two end plates secured to the columns
and forming substantially air tight joints
with said columns and with said slides, and
a reciprocating cross head or plunger of
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cross section to fit and fill the cross section
of said guide.

14. In a substantially vertical internal
combustion engine having s closed crank
chamber in which compression of the air
takes place, an engine base, & frame com-
prising two columns secure at their lower
ends to the engine base on opposite sides of
the crank shaft, the said columns being con-
nected at theiv upper ends by a part having
a cylindrical opening, a wor king cyliuder in
said opening, said columns being hollow and
forming passages which open at their lower
ends to the crank chamber and at their up-
per ends to said cylindrical opening.

15. In a substantially vertical internal
combustion engine having a closed crank
chamber in which compression of the air
takes place, an engine base, & frame com-
prising two columns secure at their lower
ends to the engine base on opposite sides of
iho crank shaft, said columns. being con-
nected nt their upper end by a part having
a cylindrical opening, a wor king cylinder in
said opening, suid columns being hollow and
forming passages which open at their lower
ends to the crank chamber and at their up-
per ends to snid cylindrical opening, sard
working eylinder having air passages in its
Lend in open connection with said eylindri-
cal opening.

16, In & substantially vertical internal
combustion engine, the combination of an
engine base, a frame comprising two col-

Copies of this patent may be obtained for

five cents
Washington, D. C.”

umns secured to the engine base at their
lower ends on opposite sides of the crank
shaft, and united at their upper ends, 8
working cylinder secured to the upper end
of the frame and extending downward be-
tween the two said columns, cross head
slides carried by the said columns, a Cross
head reciprocating on said slides, the upper
part of said cross head comprising two ex-
tensions which bear on said slides and re-
ciprocate within the spaces between said
working cylinder and said columns, and a
working piston or plunger rigidly attached
to and carried by said cross head between
the two said extensions.

17, In an internal combustion engite hav-
ing a closed crank chamber in which com-
pression of the air takes place, the combina-
tion of a base having an upper plane sur-
face, bearing recesses formed in said base,
crank shaft bearings set in said recesses,
suid bearings having their top surfaces flush
with said upper surface of the base, and two
end plates closing said crank chamber, said
end plates making substantially tight joints
with said base and with said top surfaces of
said bearings.

In witness whercof, I hereunto subscribe
my name this 2nd day of November, A. D.

1912,
GEORGE K. DAVOI.
Witnesses:

W. W. Hrarey,
G. M. Pace.

each, by addrpsslng the “Commissioner of Patents,
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