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To all whown it may coneern:

Be it known that I, Orro Lro DBorNer, a
citizen of the Republic of Switzerland, re-
siding at London, England, have invented
Luoprovements in or Relating to Internal-
Combustion Engines, of which the following
is a specification.

Tus invention relates to internal combus-
tion engines operating on a two-stroke cycle.

In wany forms of engine of this type, the
exhaust port in the engine eylinder has been
arranged more or less in line with and op-
posite the air and gas inlet port or ports so
that with the aid of a deflector upon the
engine piston, either the air or gas, or both,
has or have been eansed to encounter the
products of combustion at the time the ex-
haust port remains open, the object being to
cause the entering charge to assist in ex-
pelling the products of combistion without
becoming materially commingled thevewith.
Under existing arrangements however it has
been found that the said deflector does not
insure the whole of the products of combus-
tion being swept out of the cylinder, that is
to say, the entering charge of air or gas, or
both, tends to rush divectly to and through
the exhaust port. without entirely displac-
ing the products of combustion of the pre-
vious charge wilth the result that there is
not only a loss of useful working mixture or
charge but an incomplete expulsion of the
products of combustion, both of which con-
stitute serions disadvantages, With a view
of expelling the products of combustion, it
has also been proposed to divide the inner
or combustion chamber end of the engine
eylinder with an inlet port that is connected
to a compressed air chamber and controlled
by a spring loaded valve areanged to open
automatically inder the pressure of the air
thereon tmmediately the pressure of the
products of cambustion in the eylinder falls
sufficiently below the air pressure, as npon
the opening of the exhanst port, so as to
admit a seavenger charge of airv to the eyl-
inder after each explosion before the open-
ine of the gas or charge, inlet port con-
trolled by the engine piston. For a like pur-
pose, it has been proposed to construct the
mner end of the engine eylinder with a con-
stantly open inlet port provided with a de-
fleetor and connected by a passage to a com-
pressed charge  reservoir having  uncon-

trolled =pring loaded outlet valves, the ar-
rangement being such that pavt of the com-

pressed charge will be introduced into the
engine cylinder through the said inlet port
and the remaining portion of the charge be
simultateously infroduced through an inlet
port uncovered by the piston when at or
pear the limit of its out stroke. These
known arrangenients do not however enable
the time at which the charge is introduced
through the inlet port at the inner end of
the cylinder to be varied relatively to the
time at which the remainder of the charge
ts admitted through the port controlled by
the piston and therefore do not enable the
working of the engine to be varied to suit
different working reguirements.

The object of the present invention is to
overcome the objections just veferred to and
at the same time enable the means employed
for this purpose to be used in starting the
engine in a simple and efficient manner.
Fror this purpose, products of combustion
resulting frow the combustion of a previous
charge are expelled from the engine cylin-
der and replaced by a fresh charge at any
desired pressure by introducing part of the
charge through a main inlet or inlets con-
trolled by the engine piston and introduc-
ing the remainder of the charge at a later
stnge through one or more auxiliary inlets
controlled or each controlled by a valve that

is positively opened at the required time by

a moving part of the engine. o attain the
desired end, the combustible
pressure, may be partiali introduced
throngh an inlet or inlets arranged in line
with and opposite the exbaust port as hith-
erto, while the remainder of the charge is
introdneed through one orjmore auxiliary
alve-controlled nlets arranged to cauge a
flnicl flow which i more or less perpendicu-
Lar or at an angle to the path between the
main intet or inlets and exhaust port. A
dellector is provided upon the piston as be-
fore, and the whole arrangement is such
that the auxiliary charee inlet or inlets is
or are opened slightly in advance of the
closing of the main inlet or inlets so that a
sweeping movement of the waste gases to-
ward the exhaust will be ipitiated by the
charge entering at the main inlet or inlets
and be eompleted by the action of that por-
tion of the charge entering through the aux-
iliary inlet ov inlets.

Obviously, in Yeu of dividing the com-
bustible charge as suggested, it might be
convenient or desirable to cause the com-
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"mined to suit different requirements.

2

bustible to enter at the main inlet or inlets
and the air at the auxiliary inlet or inlets,
or vice versa, while naturally the timing of
the instants at which the several inlets
should open with respect to the opening or
-elosing T the exhaust port will be deter-
For
instance, in this way the richness of the com-
bustible eharge can be regulated.

By varying the instant at which the aux-
iliary inlet or inlets may be closed, it is pos-
sible to cause the eylinder to receive a charge
which is proportionate in its yolume to,the
load upon the engine. - Thus, if o governor
be employed to control the said auxiliary
valve or valves, the latter may be arranged

to be closed concurfently with or soon after

the closing of the exhaust port to enable the
whole of the pontents) of the cylinder,
whether thelsame be at atmospheric pressure
or at soine higher pressure, to be compressed
for heavy loads, or, if the closing of the
-auxiliary valve or valves be delayed to an
instant occurring later in.the travel of the
pistén, a portion of the admitted charge
will be returned through the auxiliary inlet

ot inlets, resulting in a reduced volume to

be compressed, suitable for light loads:

The suxiliary valve or valves constitute a
convenient means whereby the engine can
cither be wssisted in starting or started.
For instance, the said valve or valves may
be timed to remain open until nearly the
completion of the return stroke of the piston
thereby substantially eliminating compres-
sion” on’ such stroke and therefore enabling
the engine to be started with compressed air
or other fluid at a comparatively low pres-
sure, -Any suitable or known means, adapt-
ed to be operated either manually or auto-
matically, are in this case, provided where-
by, when the desired speed has been attained,
the valve operating mechanism can be ad-
justed to cause the operation of the engine
to be continued 11 the manner first described.

By way of illustration, one construction
and arrangement of parts suitable for the
arrying out of the invention is illustrated
diagrammatically in Figure 1 of the accom-
panying drawings which is a part sectional
clevation of a portion of the cylinder, piston,
valve operating means and other parts of a
vertical internal combustion engine. I'ig. 2
shows a modified construction. Fig. 8 is a
part plan view of the valve operating lever
and cam shown in Tig. 1 together with a
governor and a hand Iéver for moving the
cam endwise for timing the action of the
supplementary inlet valve.

As shown.in Fig. 1, a jacketed cylinder 1
of ordinary construction is provided with a
main inlet passage 2 and, directly opposite,
with an exhaust passage 8, the lower side of
the said passages being both substantially in
the same plane as the top of the piston 4
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when the latter is in its lowest position or
end of its outward or working stroke,.as in
known construction of internal eninbustion
engines. 5§ is the ordinagy defléctor upon
the top of the piston 4 Tor diverting the
flow of the charge as it enters the cylinder
through the main inlet passage 2, which
may be arranged either horizontally as’
shown in Fig. 1, or at air angle to the center-
line of) the eylinder as shown in. Fig: 2.
The. latter arrangement will cause the en-
tering charge to flow in the direction of the
top of the cylinder and therefore assists the
niovement produced - by the deflector .
Within the top cover 1* of the cylinder is
an auxiliary inlet 6 that is connected, as
through a pipe or passage 6* and a main
supply pipe 7, to the chamber or other de-
Vice from which the charge to be used is ob-
tained. The inlet 6 is provided with a’sefit-

ing 6" and a co-acting valve 8 the stem 9 of

which is arranged to be moved inward
against the action of a springed* to open the
alve by a suitable moving part of the en-
gine in any appropriate way, as for in-
stance by a rocking-lever 10 which is piv-
oted at 11 and adapted to be oscillated by a
cam 12 which is arranged to be rotated by a
rotary shaft 13 and is made of suitable shape
for the purpose hereinbefore mentioned.

The drrangement of lever 10 and cam 12
shown diagrammatically in_Fig. 1, can be
of any of the ordinary well known kinds
now commonly used in gas and oil engines
for varying the time and extent of opening
of a valve for controlling the admission of
each combustible charge to-the engine eyl
inder, the said cam having an-inclined or
spirally arranged cam projection 12* and be-{
ing arranged to be moved endwise on the

shaft 13 by a hand operated lever 13* pivoted

at 18%, and also automatically by a governor
14 mounted upon and driven by thé said
shaft, as well understood and as inore clearly
shown in Fig. 8. The spring ' 9* is made
sufficiently powerful to hold the valve 8
closed against any fuid pressure coming in
contact therewith, so that the valve can only
be positively opened by the lever 10 or
equivalent at the required time. Leading
from the supply pipe 7 is a branch pipe 15

that is connected to the main inlet passage

2. On the main supply pipe 7 is a regu-
lating cock or valve 16 which may.be oper-
ated either manually, as by a hand wheel or
automatically by a governor driven from
the engine and adjusted so as only to come
into action as and when required. :

With the arvangement deseribed, it will
be understood from what has been pre-
vicusly herein set forth, that the products
of combustion left within the engine cyl-
inder at the end of the working stroke will
be acted upon more efliciently than was pos-
sible with the old arrangements. With the
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particular arrangement illustrated, the said
products are first acted upon by the charge
entering at the main inlet 2 and thereafter
by the charge entering at the inlet 6. past
the valve 8.

By varying the times at which the valve 8
is opened and closed by suitable endwise ad-
justment of the cam 12, a smaller or larger
quantity of air, gas or combustible at at-
mospherie pressure, or at a higher pressure,
can be admitted, whereby the power of the
engine can be regulated, ov the starting
thereof can be effected, in the manuer here-
inbefore described. To facilitate the start-
ing of the engine, the valve 8 is opened, it
may be by raising the outer arm of the lever
10 by hand or otherwise and raising the pis-
ton 4, the fluid in the eyvlinder then escaping
through the pipe 6* and valve 16 which 1s
then open. Upon the piston arriving at the
end of its upstroke, the valve 16 is closed
and a valve 19 on a compressed air supply
pipe 18 is opened to admit compressed air
throagh the port 6 Lo cause the return of the
piston, these operations being repeated until
the desired speed of the engine is attained
when the valve 19 is finally closed, the valve
16 left open and the lever 10 veleased and
allowed to assume its normal position.

The details of construction can be va-
riously modified to suit the particular en
gine to which the invention is to be applied,
the foregoing showing only one of several
ways of carrying the same into effect.

What T claim is— :

1. Means for expelling procducts of com-
bustion from a two stroke cycle internal com-
bustion engine, comprising o wmain inlet
through which part of the charge is ad-
mitted to the engine cylinder, an auxiliary
inlet through which the remainder of the
charge is admitted at predetermined varia-
ble times and separate means for controlling
said inlets. .

2. Means for expelling products of com-
bustion from atwo stroke eycle internal com-
bustion engine, comprising a cylinder hav-
ing a main inlet through which part of the
charge is admitted to the cylinder, an aux-
iliary inlet through which the remainder of
the charge is introduced, separate means for
controlling said inlets and governor oper-
ated means adapted to actuate the control-
ling means for the auxiliary inlet so as to
open such inlet at predetermined variable
times after the main inlet has been opened
and similarly to close it at predetermined
variable times after the main inlet has been
closed. ‘

3. Means for expelling products of com-
bustion from a two stroke cycle internal com-
bustion engine, comprising a eylinder hav-
ing a main inlet through which part of the
charge is introduced and an auxiliary inlet
of which is posi-

3

tively effected by means capable of time
variation in operation and through which
the remainder of the charge is introduced.

4. Means for cxpelling products of com-
bustion from a two stroke cycle internal
combustion engine, domprising a cylinder
having a main inlet uncovered by the engine
piston at the end of the working stroke and
through which part of the charge is in-
troduced and an auxiliary inlet through
which the remainder of the chavge is in-
troduced and means whereby the auxiliary
inlet. can be opened ot predeterminéd vari-
able times after the main inlet has been
opened, and stmilarly closed at predeter-
mined variable times after the main inlet
has been closed.

5. Means for expelling products of com-
bustion from a two stroke cycle internal
combustion engine, comprising a cylinder
having a main inlet uncovered by the engine
piston at the end of the working stroke
and through which part of the charge is
introduced, and an auxiliary opening
through which the remainder of the charge
is introduced at a later stage with a direc-
tion of flow different to that of the flow
of the main portion of the charge, and
means capable of time variation in oper-
ation for pusitively opening and closing said
auxiliary inlet.

6. Means for expelling products of com-
bustion from a two siroke cycle internal
combustion engine, compriging a cylinder
having in its wall an inlet arranged to be
opened as the engine piston approaches the
end of its working stroke and through
which part of the charge is introduced and
an inlet in one of its ends through which
the remainder of the charge is iutroduced at
a later stage, and governor controlled means
for positively controlling the latter inlet.

7. Means for expelling prodncts of com-
bustion from u two siroke cycle internal
combustion engine, comprising a cylinder
having in its wall a main inlet arvanged op-
posite to an exhaust outlet, controlled by
the engine piston and through which part
of the charge is introduced and an inlet in
one of its ends through which the remainder
of the charee is introduced at a later stage
in a direction to divert the natural direc-
tion of flow of the charge admitted through
the main inlet, and governor controlled
means for positively controlling the latter
inlet. )

8. In an internal combustion engine oper-
ating on a two stroke cycle, means for ex-

“pelling products of combustion from the

engine cylinder and replacing them by a
fresh charge at any desived pressure, com-
prising a main inlet or inlets controlled by
the engine piston and through which part
of the charge is introduced and an aux-
iliary valve controlled inlet or inlets through
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which the remainder of the charge is in-
troduced, so that a sweeping movement of
the products of combustion toward the ex-
haust will be initiated by the portion of the
@ at the main inlet or inlets

charge enfering by the auxiliary inlet or in-

" 'Tets and governor controlled means for posi-

19

20

tively opening said auxiliary inlet valve at
the required times, substantially as de-
seribed. . ‘ , )

9. In an internal: combustion engine oper-
ating oh a two stroke cycle, a cylinder hav-
ing diametrically opposed charge inlet and
exhaust openings and an auxillary inlet in
the end thereof, a source of fuel supply and
a source of compressed air, means for alter-
natively establishing ecomnunication be-

tween the said auxiliary inlet and either o
such sources and means capable of time

variation in operation for opening and
closing the auxiliary inlet, while in com-
munication with the fuel source.

10. In an internal combustion engine
operating on a two stroke cycle, a eylinder
having a main inlet passage opposite to the
exhaust port and one or more auxiliary
valve controlled inlets and valve operating
means whereby the time instants of opening
and closing of the said auxiliary inlets can
be determined or varied substantially as

hereinbefore described, whereby the engine.

can be regulated or started as set forth.
Signed at London England this 14th day
of September 1907.

- OTTO LEO BORNER.

Witnesses: ,
Arraur WoosNAM,
. J. BroUGHADM.
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