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. TWO-STROKE-CYCLE INTERNAL-COMBUSTION ENGINE

Application filed October 31, 1928, Serial No.

The present invention relates to a two-
stroke cycle internal combustion engine hav-
-'Ing separate air and fuel admission and pro-

vided with a movable cylinder and a working
5 piston operating within said movable cyl-

inder and moving in the same direction with

regard to the stationary parts as the said
- movable cylinder, of the type described in my
‘prior application, Serial No. 218,348 filed
10 on September 8,1927. :
“In the type of engine described in the said
application, the combustion space is first fully
* charged with air and the whole contents of
the fuel pump are then fed into the charge.
16 The engine aceording to the said prior ap-
plication differs from the. known engines.
having a movable cylinder and a working
piston moving in the same direction with re-
“gard to the stationary parts as the said mov-
20 able cylinder in that the combustion space is
arranged between the movable cylinder and
the movable piston. The movable cylinder
thus constitutes the combustion cylinder.
The said movable cylinder is provided with
25 g broad upper part which serves as a piston
for the fuel pump. An automatically op-
erating valve is arranged in the said mov-
able cylinder, through which valve the trans-
mission of the contents of the pump into the

30 working space during the compression op- .

_ eration takes place. -
Since the movable cylinder and the mov-
able piston move as aforesaid in the same
direction, the connecting rods have to be con-
nected to the crank disc pivotally in such a
manner that their crank pins lie approxi-
mately or absolutely in the same radial plane;
their stroke is however, not the same and in
fact the stroke of the movable eylinder should
amount approximately only to & third of the
stroke of the working piston. The combus-
tion which takes place between the movable
cylinder and the working piston operates on
the said movable cylinder in the opposite
direction to that in which it acts upon the
working piston, and therefore decreases the
work performed by the working piston to the
_extent of about one third. - .
It is the principal object of the present in-
5 vention to eliminate this counter effect of the
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316,298, and in Germany November 9, 1927,

‘ombustion on the movable cylinder in order

that the full power should be obtained from

only to the ordinary losses resulting from
friction. :

According to the invention this is attained
by ‘constructing the movable cylinder which
hitherto has taken the form of a closed cyl-

‘a given charge or surcharge of fuel subject

inder, as a cylinder having a bore at its upper

end through which a fixed cover which is
provided with ports and is cast on the fixed
cylinder cover projects, said cover for the

60

movable cylinder penetrating into the mov-_ -

able cylinder to an extent greater than the
length of the stroke of the movable cylinder.
This fixed cover for the movable ‘cylinder
renders it possible to replace the automatic
valve employed in the previous construction
by a control valve and likewise arrange the
sparking plug in the said fixed cover so that
the sparking plug remains continuously
contact with the combustion space.

A preferred constructional form accord-

ing to the invention is illustrated in the ac-.

companying drawing, in which:

Fig. 1 is a longitudinal section of a two-
stroke cycle internal combustion engine and
F_Fig. 2 is a cross section on line A—B of

ig. 1. : : ,

The reference numeral 1 denotes a stepped
cylinder to the lower part of which a crank
case 2 is connected. The crank case 2 is pro-
vided with an opening controlled by means
of a suction valve 3-and with a second open-
ing which is normally held closed by means
of a compression valve 20 from which last
named valve a conduit 6 is led to an opening
5 provided approximately at the middle of
the narrow part of the stepped cylinder. Op-
posite to the opening 5 an opening 7 connected
to an exhaust pipe 21 is provided in the
stepped cylinder. In the narrow part of the
stepped cylinder 1 a movable cylinder 8 is
guided which is provided at its upper end
with a flange 8* guided in the broad stepped
part of the cylinder 1. The working piston
9 moves in the movable cylinder 8. In the

"movable cylinder 8 two bores 11, 12 arranged

oppositely to one another are provided, which
bores: come into register in the correspond-

({]

in

7%

100



10

16

20

ing position of the cylinder 8 with the open-
ings 5, 7 of the cylinder 1. To the outer side
of the cylinder 8 two connecting rods 14 are
attached the other ends of which are pivotal-
ly attached to the crank disc 15.
by means of which the connecting rods 14 are
pivotally connected to the cylinder 8 pro-
ject in known manner through slots in the
cylinder 1 the said two connecting rods 14
lying laterally outside the closed crank case
but being at the same time easily accessible
and suitably protected. The connecting rod
13 of the piston 9 is pivotally connected to
the crank disc 15 in such manner that its
crank pin lies approximately in the same
radial plane as the crank pin shown in dotted
lines of the connecting rod 14, but the pis-
ton 9 has a stroke approximately three times
as large as that of the cylinder 8.

On the cylinder cover 1* a fixed piston cover
23 is provided which is arranged on the under
side of the said cover and is connected with
the latter by means of ribs 22 and which pro-
jects from above inte the inner bore of the
cylinder 8 and is provided at its lower end
with piston rings.

The piston cover 23 is cup-shaped and is
provided in its upper part below the admis-

" sion ports with an opening which is normally
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held closed by a valve 24. The valve 24 is
provided with a valve spindle 25 which passes
through the cylinder cover 1* and the said
valve is normally pressed upwards by means
of a spring 26. The valve 24 is controlled
by means of a swinging lever 27 arranged
on the uylinder cover 1* by the aid of a cam
disc 28.

In the cover of the cylinder the fuel inlet
29 is arranged the connection of which with
the space outside of the valve 24 is con-
trolled by means of a rotary slide valve 30.
The rotary slide valve 30 has the same trans-
mission ratio as the cam shaft and is driven
from the crank shaft by means of a governor
shaft. The controlling gear is, as usual, pro-
tected by means of a protecting cover 31.

The space in the cylinder 1 within which
the flange 82 moves is closed at its lower end
sxcept for two openings 32, 33, the first of
which is closed by means of a suction valve,
whilst the second is closed by means of
a pressure valve. A pipe 34 is connected
with the opening 83 which pipe connects with
the previously mentioned pipe 6 at the height
nt the opening 5 in the cylinder 1. At the
-oint of connection of the pipes 6, 34 a rotary
throttle valve 35 is provided the control seg-
ment of which is adapted to cover the pipe 34
or the pipe 6 or the opening 5.

The sparking plug 17 is arranged in a
serewed bore of the fixed cover 23 for the
movable cylinder. In order to allow suffi-
cient space for the valve 24 and the spark-
ing plug 17 in the fixed cover 23 both of these

The pins
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are arranged outside of the centre of the
said cover (see Fig. 2). ’
~ The mode of operation of the engine is as
follows: - .

Assuming that the movable cylinder 8 and
the piston 9 are in their highest positions,
then on the descent of the said cylinder and

piston the fuel inlet 29 is opened by the ro- .

tary slide valve 30, so that the cylinder 8
sucks in fresh fuel in its downward movement.
In consequence of the different strokes of
the movable cylinder and the working piston,
these latter displace themselves with regard
to one another during the rotation of the
crank disc 15, whilst moving, however, at
least for the greater part of the stroke in

70

76

80

the same direction. During the downward .

movement of the movable cylinder and the
piston a compression of air takes place not
only in the crank case but also below the pis-
ton 8%, which compression takes effect in the
conduits 6 and 34. Shortly before the ter-
mination of the downward movements of
the cylinder-and the piston the openings 11

"and 12 of the cylinder 8 come into register

with the openings 5 and 7 of the cylinder 1.
As soon as the piston 9 in its movement rela-
tively to the cylinder 8 has opened the open-
ings 11 and 12 which it controls, the com-
pressed air present in the pipes 34 and 6 pene-
trates through the opening 11 into the in-
terior of the cylinder, the space within which
is limited by the internal bore of the cylin-
der 8, the piston 9 and the fixed cover 28. Any
waste gases which may be present in this
space as a result of previous working opera-
tions are thus driven out through the opening
12 into the exhaust pipe 21. The scavenging
air admitted in this way may be directed by
means of a baffle plate 9* arranged on the
piston 9 in such manner that a thorough scav-
enging is effected. In consequence of the
ample supply of air in the pipes 6 and 34
the content of which is equivalent to double
the cylinder content the effect produced is
not only a scavenging operation, but in addi:
tion to this the space between the piston 9
and the fixed cover 23 becomes completely
filled with fresh air. On the upward return
movement of the movable cylinder and the
piston the piston 9 after moving a short dis-
tance closes in the first place the openings 11,
12 and retains in the interior of the cylinder
a charge of air corresponding volumetrically
to the normal charge for the two-stroke cycle,
which charge, however, only consists of air.
The rotary slide valve 30 will have shut off
the fuel admission inlet 29 towards the end

of the downward movement of the cylinder’

and piston. The fuel which has been drawn
in is compressed on the upward movement of
the piston 8* and after the valve 24 has opened
is further compressed in the space between
the fixed cover 23 and the working piston 9,
i. e. in the interior of the cylinder. The valve
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24 opens just when the ascending piston 9
fasses over the openings 11, 12 so that any

\ loss of fuel is impossible. The volume of
the fuel pump is so calculated that besides

- g the charge of air already existent in the in-
terior of the cylinder a further full charge

of fuel corresponding to the undiminished
content of the cylinder is pumped in. To-
wards the end of the upward movement of

10° the piston 9 and whilst the cylinder 8 is just

passing through the upper dead centre, the
valve 24 closeg At thll)spmoment the spark-
ing plug 17 effects the ignition of the highly
compressed standard mixture. The combus-
15 tion pressure operates to the full extent on the
working piston 9 and the loss of one third of
the power which occurred in the construction
according to the prior application above men-
tioned is avoided. The sequence of opera-
g0 tions then repeats itself as before. It will,
of course, be obvious that the power of an
engine of the kind now described will be

greater than that of an engine constructed:

-1n the manner set forth in the said prior ap-
25 plication, inasmuch as the opposing power of
the cylinder 9 is avoided, whilst at the same
time the advantages of a volumetrically equal-

ly great charge or surcharge are retained.

Besides this, an excess of air is available for

30 the scavenging and the preliminary charging
with air. _ '

. The mode of operation of the two-stroke

cycle engine agcording to the present inven-

tion is also thermo-dynamically better than

35 that of a four-stroke cycle engine inasmuch
as, aglart from the fact that it is possible to
overcharge the engine to an extent of 100%

and more as compared with ordinary two-
stroke cycle engines, the engine—like a four-

40 stroke cycle engine,—does not give rise to the

(=]

slightest loss of fuel. Again apart from this, .

a scavening operation with double the vol-
ume of air as compared with the content of
the cylinder takes place between each com-
bustion operation whereby, apart from the
higher compression in the compressor and
the consequent thermo-dynamical improve-
ment of the charge, the said scavenging op-
eration alone results in a considerable im-
provement of the charge at the outset, where-

as, as is well known in four-stroke cycle en-.

gines no air scavenging takes place at all.
As in the case .of the engine constructed

according to thé aforementioned .prior ap-

5 plication, so alsc in the case of the engine ac-
cording to the present invention, the com-
pressor action can be shut off if the rotary
throttle valve 35 is set in such a position that
it closes the opening 5 for the admission of
air. The engine then worksas a normal two-
stroke cycle engine. The rotary throttle
valve 35 is preferably coupled with the two
- suction valves 32 and 33 in such manner that

when the air inlet 5 is shut off by the rotary

65 throttle valve the said air suction valves are

1,760,787
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automatically kept open. Even when run-
ning as a normal two-stroke cycle engine, the
engine according to the invention develops
considerably more power than a normal two-
stroke engine and in fact develops double the
power which would be developed by a four-
stroke cycle engine having the same number
of cylinders and the same cylinder contents,
inasmuch as the engine when running in this
last named manner receives similarly to four-
stroke cycle engines a fuel charge correspond-
ing to the full cylinder content, which charge
is not diminished by any losses due to con-
trol by means of ports whilst at the same time
in accordance with the two-stroke cycle com-
bustion takes place at each revolution. By
shutting off the air conduits 34, 6 or 5, to a
greater or less extent by means of the rotary
throttle valve 35, the scavenging air and the
amount of the charge can be varied within
wide limits. If several cylinders are com-
bined to form an aggregate, it is frequently
difficult to arrange to render the crank cases
fluid tight in respect to one another. In this
case it is preferable not to employ the crank
case as a scavenging air pump but to leave
the said case open as in the case of four-stroke
cycle engines having a number of cylinders,
and only to employ the air supplied by the
piston, 8 the volume of which is, in any case,
greater than that provided according to the
normal two-stroke cycle charge, so that in
this case also the engine operates with an
excess of air as compared with the first op-
erative air charge. ' :

I claim: o S

1. In a two stroke-cycle internal combus-
tion engine the combination of: a stationary
cylinder provided with a removable cover
and having a crank case attached to it; a
movable cylinder provided with a flange at
one end and slidably mounted within said
stationary cylinder, said movable cylinder
being driven from the crank shaft of the en-
gine; a fixed cover for said movable cylin-
der arranged on the under side of said re-
movable cover and carried by ribs attached
thereto, said fixed cover projecting from
above into said movable cylinder and said
movable cylinder sliding on the projecting
portion of said fixed cover; a working pis-
ton slidably mounted within said stationary
cglinder-and driven from the crank shaft of
the engine in such manner that it moves in
the same direction with regard to the sta-
tionary cylinder as that in which said mov-
able aylinder moves, but with a stroke about
three times as long as that of the latter; a
fuel supply admission valve in said fixed
cover; an exhaust port arranged in the lower
part of said movable cylinder; an exhaust
port in said stationary cylinder co-operat-
ing with said first-named exhaust port; an
air inlet arranged in the lower part of siid
movable cylinder opposite to said first named
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a

exhaust port; an air inlet in said stationary

cylinder co-operating with said first-named

. air inlet; said movable cylinder being adapt-

10

16
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ed to operate in conjunction with said fixed

-cl}]'linder as a pump for the admission.of fuel-

through 'said .valve into said movable cylin-

der, and said piston being adapted to.suck -

a supply of air into said crank case on the
upward movement of said piston; a throttle
valve adapted when fully closed to shut of
completely the sugply of said air under pres-
sure $o as to enable the engine to run as a
normal two-stroke cycle engine. , :
2. In a two stroke cycle internal combus-

“tion engine, the combination of : a stationary

stepped cylinder provided with a removable
cover and having a crank case attached to it;

‘a -movable stepped cylinder provided with

a flange at one end and slidably mounted
within said stationary cylinder, said movable
cylinder being driven from the crank shaft
of the engine; a fixed cover for said movable
cylinder arranged on the under side of said
removable cover and carried by ribs attached
thereto, said fixed cover projecting from
above into said movable ¢ylinder, and said
movable cylinder sliding on the projecting

~ part of said fixed cover; a working piston
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- said stationary .and said movable cylinder
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slidably mounted within said stationary cyl-
‘nder and driven from the crank shaft of the
engine in such manner that it moves in the
same direction with regard to the stationary
cylinder as that in which said movable cyl-
inder moves, but with a stroke about three’
times as long as that of the: latter; a fuel
supply admission valve in said fixed cover;
an _exﬁailst port arranged in the lower part
of said- movable cylinder; an exhaust port
in said stationary cylinder co-operating with

.said first names exhaust port; an air inlet

arranged in the lower part of said movable
cylinder opposite to said first-named exhaust
port; an air inlet in said stationary cylinder
co-operating with said first named air inlet;
said movable cylinder being adapted to op-
erate in conjunction with said fixed cylinder

- L7e0,787 T s

an air pump, the air pumped by the stepped
parts of the said c lll)nde'rs' bel}x,lg emploged
together with the
case pump. . . _ . .

4. In a two stroke cycle internal combus-
tion engine, a combination as specified in

claim 1, in further combination with: a spin-

dle on said admission valve, means for grind-

esh air from the crank.

70

ing said spindle in the lower cover of said

stationary cylinder, and a cam disc mounted
on the cover of said stationary cylinder and
adapted to control said valve. '

5. In a two stroke cycle internal combus-
tion engine, a combination as specified in

claim 1, in further combination with a ro-

tary slide valve adapted to control the fuel

supply. . e :
6. In a two stroke cycle internal combus-

tion engine, a combination as specified in

claim 1, wherein the broad stepped part of-

said fixed cylinder in which the flange of
said movable cylinder moves is closed except
for suetion and compression ports at the bot-
tom of said stepped part and is employed as
a pump for the scavenging air. =~ .
-Signed at Stuttgart, Germany, this 19th

day of October, 1928. .
. GEORG BODEN.
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as a pump for the admission of fuel through

said valve into sajd movable cylinder, and
said piston being adapted to suck a supply

of air into said crank case on the upward

movement of said piston; a throttle valve
adapted when fully closed to shut off com-
pletely the supply of said air under pressure
so as to enable the engine to run as a normal
two stroke cycle engine; the steppings of

being so dimensioned that the suction space
in the fixed cylinder is at least equal in vol-

‘ume to the content of the movable cylinder. .
3. In a two stroke cycle internal combus- .

tion engine, a combination as specified in
claim 1, in which the stepped part of the
stationary cylinder is provided with air ports
and the broader parts of the stepped station-
ary and movable cylinders are employed as
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