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5 Claims.

My invention relates to a driving mechanism
for reciprocating or oscillating control valves of
internal combustion engines in which the rotary
motion of a crank shaft or eccentric shaft is con-

5 verted into a reciprocating or oscillating motion.

Devices of this sort in which a connecting rod at

one end engages with a rotating eccentric pin or

crank pin of a control valve and at the other end
transforms the rotary motion into a reciprocat-

1p ing or oscillating motion by means of a pin con-
nection or ball-and-socket coupling, are known
and are referred to as crank gear.

In the driving mechanism for reciprocating or
oscillating control valves of internal combustion

15 engines according to the invention the reciprocat-
ing or oscillating motion is produced by a crank
gear and the crank pin or the bearing surface of
the eccentric is enveloped by the cylindrical sur-
face which is described when a .straight line

90 parallel to the axis of the eccentric or crank pin
is displaced parallel to itself in a path equatorial
to the right cylindrical or spherical bearing sur-
face of the reciprocating or oscillating pivot.

In the first case the reciprocating or oscillating
~~ motion will be assumed to be that of the control
=Y dlide member which reciprocates within a fixed

slide frame and in which the reciprocating pivot

is. embedded by means of its cylindrical or
spherical bearing surface.  In the second case

- the reciprocating or oscillating motion- will be

assumed to be that of one arm of a bell-crank
lever oscillating about a fixed centre, the oscillat-
ing driving pivot being cylindrically or spherical-
1y mounted on the other arm. The invention

5 fulfills the following purpose.

(1) With a given speed of rotation of the crank
shaft or eccentric shaft and a given stroke of
the oscillatory or reciprocating motion the ac-
celeration may be varied in accordance with the
ratio of the distance between the rotating mem-
per and the oscillating or reciprocating pivot to
the radius of the crank. By this means the max-
imum acceleration may be varied as desired with-
in ‘very wide limits provided that constructional
< considerations do not prevent this. This is of
extreme importance for the control drive of very
light high speed two stroke internal combustion
engines with valve control, i. e. this type of ma-
chine is made possible for the first time, since
with a normal crank drive-it is impossible to en-
sure sufficiently accurate division of time.

(2) Absolute dependability of working cou-
pled with absence :of noise are ensured even at
the highest velocity and with considerable pres-
sure on the hearings by simple parts which-are
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subjected to the smallest possible number of op-
erations and can be produced to fine limits by
mass production methods.

Figures ‘1 to 10 illustrate three different em-
bodiments of the invention having given on the
one hand the maximum acceleration and stroke
of the reciprocating motion and on the other hand
the speed of rotation of the control shaft the
membér producing the required motion complete-
ly fulfilling the above constructional and tech-
nical conditions.

Tig. 1 represents the mechanical principle of a
specific embodiment. A bell-crank lever with its
two arms | and 2 oscillates about a fixed centre
A. The bell crank lever {—2 has an oscillatory
motion imparted to it at the point B by the con-
necting rod 3 of the crank pin C which rotates
on the crank arm & about the centre D of the
crank shaft or eccentric shaft. This oscillatory
motion of arm | of the bell-crank lever is taken 20
up by the pin E of rod § and is converted into-a
simple reciprocating movement in the fixed guide
frame § at the pin F of rod 5. The ratio of the
lengths of the arms 1 and 2 and also the angle
enclosed by ‘these can be selected in accordance 25
with the space available and other conditions
imposed by the construction. Moreover the cen-:
tre D of the control shaft D’ may be moved closer
to the arm | and the pin B, and also the whole
system may be brought closer to the fixed guide
frame 6 in accordance with mechanical and con-
structional requirements.

Figs. 2, 3 and 4 represent a constructional em-
bodiment of the arrangement in side view, hori-
zontal section and vertical section. =

The complete drive consists of four closely co-
operating parts, namely the eccentric shaft D’
with its centre at D and the eccentric disc C—C’
with its centre at C and bearing surface C’, the
disc 3, the housing 7, and the rod 5. Corre-
sponding to the connecting rod 3 with its end B
oscillating about the centre A, and its end C rotat-
ing about the centre D, in Fig. 1 is the disc 3
shown in Figs. 2, 3 and 4 with a centre B oscil-
lating about the centre A and its bearing surface
B’ and the centre C rotating about centre D with
its bearing surface C’. The eccentric or crank
shaft together with the centre of the shaft D’
and the eccentric or crank centre C which are
represented diagrammatically in Fig. 1 are repre- |
sented-in Figs. 2, 3 and 4 by the shaft D’ with its
centre D and the eccentric disc C—C’ with its
centre-C and bearing surface C’. By means of the
rod ‘5 shown -in Figs. 2, 3 and 4 the oscillatory
motion of ‘the pin “E’ in -the housing T is con~
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2

verted into the reciprocating motion of the pin
F¥’. 'The eccentric C—C"* of the mechanism pos-
sesses the peculiarity that its bearing surface C’
lies within the bearing surface D’ of the oscillat-
ing pivot B of the disc 3. On account of this dis-
tinctive feature it is possible, with the smallest
distance between the centre B and C and with
given forces, to make the bearing surfaces B’ and
C’ of aslarge a diameter as desired without caus-
ing them to overlap i. e. without the construction
becoming impracticable. The housing 7 in Figs.
2, 3 and 4 is preferably made of two saucer-
shaped members fixed together ‘along their
peripheries by the bolts G and the pin E’ shown
having its centre at E. These saucer-shaped
members are formed of high grade steel, well-
tempered, and having the bearing surfaces case-
hardened or nitrated, and ground.

The bearing surface B’ which represents the
bearing surface of the member B can be made

cylindrical or preferably spherical. According as-

to whether the control shaft is constructed as a
crank shaft or an eccentric shaft with floating
crank pins or a crank mounted on both sides or
separable the disc 3 can be made in parts or in
one piece.

If an eccentric control shaft is employed with
discs in one piece which can be mounted by fit-
ting on to the shaft the individual units pro-
duced are somewhat larger in diameter than
those produced by using a crank shaft and con-
necting discs formed in parts. The first embodi-
ment however with relatively little trouble on ac-
count of the simplicity of the individual parts
and their small number per drive permits of the
highest precision and workmanship in their me-
chanical construction and heat treatment and ac-
cordingly gives the highest efficiency in operation
coupled with silent running and low losses. The
bearing surfaces B’ and C’ can with advantage
consist of point bearings, cylindrical bearings, or
spherical bearings of the same or different radius.
‘When constructed as frictional bearings the dise

3 is preferably constructed of high grade forged

bronze or wrought light metal alloys. In addition
to the advantage of exceptional sliding capacity
and rapid dissipation of heat this latter proposal
has the further advantage of lightness, Another
very satisfactory solution of the problem resides
in forming the disc 3 of forged steel, the bearing
surfaces B’ and C’ being coated with a thin layer
of white metal.,

Figs. 5 to 10 represent two embodiments of the
invention partly in section and bartly in eleva-
tion. ' In these embodiments the reciprocating
motion is produced quite simply without the in-
tervention of a bell-crank lever or connecting rods
in that the disc 3 with its bearing surface B’ is
mounted directly in a reciprocating slide F. This
slide F’ is either directly connected to the dise to
be controlled or by means of corresponding mov-
able members. The slide itself is guided in a cor-
responding slide frame which takes up the lateral
bressure. In the embodiments shown in Figs, 2 to
10 the central plane through the eccentric disc
or the crank pin coincides with the central plane
through the control disc. This condition need not
be fulfilled, however, the leading principle of
the invention being that the crank pin or bearing
surface of the eccentric is enveloped by that cylin-
drical surface which is described when 2 straight
line parallel to the axis of the eccentric or crank
pin moves parallel to itself along a path equatorial
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to the right-eylindrical or spherical bearing sur-
face of the reciprocating or oscillating centre.

In all the three embodiments of the drive repre-
sented by Figures 1 to 10 the bearing surface B’
is made spherical and this fact has three im-
portant advantages.

(1) The control disc itself is secured againsi
axial displacement,.

(2) Angular displacement from the true set-
ting or mounting between the bearing axis D,
the control shaft and the bearing axis of the pin
A’ relative to the plane of motion of the recip-
rocating slide F” is ineffective since on account
of the automatic adjustment of the control disc
no jamming can occur. The surface pressure
on the spherical bearing surface B’ is always
equally divided.

(3) The bearing surface B’ of the bell-crank
lever 1—2 or the slide ¥ need not necessarily
be divided for the burpose of mounting the con-
trol disc 8, as is shown in Figs. 2 to 7. In many
cases the bearing surface B’ can with advantage
be cut out directly from the undivided bell-crank
lever [—2 or slide ¥ or from g corresponding
pressed in or screwed in bearing bush. For the
insertion of the disc 3 the bearing surface B’ of
the bell-crank lever 1—2 or slide ¥’ or of the
corresponding bearing bush must be provided
with slots Z (Figs. 8 to 10) lying diametrically
opposite to one another which must be at least
as wide as the connecting dise. Figs. 8 to 10
represent an elevation, horizontal section and
vertical section of an embodiment of the sort
Just described. It is most suitable for high qual-
ity, air-cooled, two-stroke aeroplane engines hav-
ing radially arranged cylinders. The control
valve and control slide comprise a single forging.
The cylinders and slide frames also are made
from forgings. Each cylinder has its own con-
trol shaft parallel to the crank shaft. The indi-
vidual control shafts may with advantage be
made to operate as driving shafts for the fuel
injection pumps. This whole system may be
driven by a set of spur wheels or g parallel crank
drive from the crank shaft. The latter method
when carefully carried out is particularly cheap,
simple and noiseless, and yet is absolutely cer-
tain in operation. Since in radial motors the
connecting rods are coupled eccentrically to a

main crank pin the distance-time diagrams of ;

the individual pistons vary considerably. It is
thus of considerable advantage in radial motors
that by using a control shaft for each cylinder
the control of the admission, exhaust and scav-
enging mechanisms and also of the fuel injection
bumps for each cylinder may be made individual.

The embodiment of Figs. 5 to 7 is specially
suitable for multicylinder engines with one or
more rows of cylinders. If a pblurality of rows
are provided a control valve for each two rows
can be driven by a shaft parallel to the crank
shaft. Preferably a drive for each cylinder is
displaced from the middile blane of the cylinder
and that for each of each pair of cylinders of a
row is arranged on opposite sides of a control
shaft bearing I (Fig. 11). In the direction of the
control shaft, therefore, the drive for two cylin-
ders of one row follows alternately with that for
two cylinders of the other row (Fig. 11). 'The
order of the drive can also be so chosen that a
cylinder of the one row follows a cylinder of the
other row and in this case the drive is again
displaced from the midplane of the cylinder
and arranged on both sides of g control shaft
bearing (Fig, 12) or alternatively a drive for each
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valve takes place directly from above by arrang-
ing a control shaft above each row of cylinders
in the midplane or displaced sideways (Figs.
13-14). This shaft can at the same time, be used
to operate the individual fuel injection pumps Y
arranged above the cylinder ‘head, or.on both
sides of a control shaft bearing, in the direction
of the control shaft, there can be arranged al-
ternately the control valve drives for two work-
ing cylinders and then the drives for two fuel
injection pumps Y (Fig. 13), or & control valve
drive and a fuel injection pump Y of a working
cylinder can be arranged on opposite sides of
a2 control shaft bearing (Fig. 14). In all these

5 arrangements it is advantageous for the control

shaft bearing I (Figs. 11-14) to be built in to
the transverse walls H which carry the crank
shaft bearings.

The drive arrangement shown in Figs. 1-4
which is somewhat more expensive and compli-
cated is particularly suitable for very high speed
two stroke Diesel aeroplane engines either water
cooled or air cooled and of the in-line radial type
of at least 1000 H. P. per unit in which a still
more rapid opening and closing of the exhaust
and scavenging ports is desirable than can be
attained with the relatively simple embodiments
of Figs. 5-10. As regards the general arrange-
ment of succession and position relative to the
crank shaft the control shafts and drives for
radial and in-line engines are generally the same
for the embodiments of Figs. 1-6 as for the em-
bodiments in Figs. 5-10 with the exception that
for engines with a plurality of rows of cylinders
own control shaft. The
driving of a plurality of control shafts parallel
to the crank shaft can be effected from the crank
shaft by a spur wheel drive or by a parailel crank
drive. If in the case of engines of either the in-
line or radial type with a control shaft supported
on both sides of the drive, a control crank shaft
is employed which as regards the crank opera-
tion is divided in such manner that the undi-
vided eccentric disc together with an undivided
housing 1 or control slide T can be moved on
the crank pin, & particularly simple and compact
variation of the drive is produced.

In the case of in-line engines with one or two
rows of cylinders with only a single crank shaft
it is even possible on the basis of the invention
to construct these engines without a control shaft
since the control drive, for instance in Figs. 1-4
or 5-10 can be mounted directly on the crank
shaft for each two working cylinders on both
sides of the crank shaft bearing. In these cir-
cumstances in the various embodiments the con-
trol shaft with the axisD must be considered to be
directly replaced by the driving crank shaft, This
latter solution, however, is only technically pos-
sible by the employment of the arrangement ac-

3

cording to the invention since an ordinary ec-
centric drive with a long eccentric rod as deter-
mined by the comparatively thick main crank
shaft would not give sufficient acceleration and
speed to the control devices. The property of
the arrangement according to the invention fa-
vours the combination of the control and main
crank shafts only to the extent that the large
diameter of the eccentric and control discs en-
ables the drive to be made exceedingly small so
that the distance between the cylinders of such
an engine need only be slightly increased while
on the other hand the general appearance for
instance of a two stroke double block engine with
o, crank shaft is very pleasing.
What I claim is:

19

1. In a driving mechanism for the control ‘

valves of an internal combustion engine, the com-~
bination comprising a rotatably mounted eccen-
tric section, an annular eccentric surrounding
said rotatably mounted eccentric section and
means for transmitting the reciprocating move-
ment of the annular eccentric to the control
valves of an internal combustion engine,

2. In a driving mechanism for the control :

valves of an internal combustion engine, a shaft,
an eccentric on the shaft, an annular eccentric
dise surrounding the eccentric on the shaft, the
center of said annular disc receiving a recipro-
cating movement upon rotation of the eccentric,
and means for transmitting the reciprocating
movement of the annular disc.

3. In a driving mechanism for the control
valves of an internal combustion engine, a shaft,
an eccentric on the shaft, an annular eccentric
disc surrounding the eccentric on the shaft, the
center of said annular disc receiving @ recipro-
cating movement upon rotation of the eccentric,
and means for transmitting the reciprocating
movement of the annular disc including a piv-
otally mounted strap surrounding the annular
disc and a link.

4. In a driving mechanism for the control
valves of an internal combustion engine, a crank
shaft, an annular eccentric surrounding the
crank shaft, the center of said annular eccentric
receiving a reciprocating motion upon rotation
of the crank shaft and means for transmitting
the reciprocating motion of the annular eccentric
including an eccentric strap surrounding the
annular eccentric.

5. In a driving mechanism for the control
valves of an internal combustion engine, & crank

pin, an annular eccentric surrounding the crank .

pin, the center of said annular eccentric receiv-
ing a reciprocating motion upon rotation of the
crank pin, and an eccentric strap surrounding
said annular eccentric.
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