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The present invention reiates to a counter-
weight arrangement on crank drives, particu-
larly crank drives of piston engines having cyl-
inders mounted In star-shaped fashion, for in-
stance of internal combustion engines.

Hitherto the counterweights were exclusively
arranged on the crank shaft. They serve the
purpose of bglancing the forces occurring at the
crank shaft and thereby releasing the bearings
of the crank shaft, so that the forces occurring
in these bearings may without difficulty be gov-
erned. By & silmple enlargement of the counter-
welghts it would then always be possible to in-
crease the number of revolutions without increas-
ing the load acting upon the crank shaft bear-
ings, ¥ this measure or step would not be op-
posed to by the Increasing stress on the connect-
ing rod bearings.

The present Invention obviates this draw-back
and consists in this that the counterweights are
arranged on the big end of the connecting rod.
Hereby the rotating inertia forces are balanced
at the point of origin, 1. e. at the big end of the
connecting rod itself. If the rotating masses of
the connecting rods are balanced, then with In-
creasing number of revolutions the relatively
small osclllating inertia forces only are increased.
Consequently, the number of revolutions may ex-
traordinarily be increased without exceeding the
permissible loads of the bearings at the end of
the connecting rod. This arrahgement according
to the {nventlon has a particularly favorable ef-
fect In conhection with motors arranged in star-
shaped fashion in which the osclllating inertia
forces are nearly Independent on the crank angle
s0 that thiey also may be balanced for the greater
parts. In the arrangement according to the in-
vention counterweights not only act upon the
connecting rod bearings but, by way of the webs
of the crank shafts, also upon the crank bear-
ings and this in exactly the same mannher as the
counterweights hitherto mounted at the crank
webs. Without departing from the spirit of the
invention, the counterwelght masses may exclu-
sively be arranged at the end of the connecting
rod or subdlvided into counterwelghts on the
maln connecting rod and counterweighis on the
crank shaft, In connection with motors pro-
vided with a main—and an auxiliary connecting
rod, particularly in connection wtih aircraft mo-
lors, arranged In star-shaped formation, the
counterwelghts preferably are exclusively mount-
ed on the connecting rod or on the primary con-
necting rod respectively, Due to the connecting
rod bearings belng released of rotatlng forces
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exerted by the masess, it is rendered possible to
use plain bearings instead of roller bearings.
Consequently, the end of the connecting rod {t-
self can be made smaller and lizhter and the
points of pivoting the auxiliary connecting rod
are located further towards the interior. The
accelerating forces acting upon the auxiliary
connecting rod, therefore, also become smaller.
This again reduces the bending moments occur-
ring at the shaft of the main connecting rod and
the pressure on the gliding plane or the working
surface of the main cylinder. The fact that the
counterweights attack far outwardly at both sides
of the end of the connecting rod also acts very
favorably. This again renders possible to em-
ploy main connecting rods the shaft of which
has the normal double T-cross section.

By a slight alteration of the construction, the
counterweights may also be formed as centrifugal
pendulums adapted to absorb torsional vibrations,
if the counterwelghts are suspended with play on
rings loosely mounted upon further rings. These
last mentioned rings on the one hand are piv-
otally mounted upon the end of the connecting
rod at both sldes of this rod and on the other
hand are connected to the crank shaft in a man-
ner to rotate with the latter. The amplitudes of
the oscillations of the counterwelghts are limited
by resilient steps which are rendered effective
only, after a predetermined amplitude of the os-
cillations of the counterweights has been reached,
This arrangement acts in the manner of the well
known Taylor- or Salomon-pendulums and has
the advantage of slight surface pressures oc-
currlng at the polnts of contact of the rolling
off surfaces, because the pendulum rings as well
as the bearlng rlngs serving as pendulum shafis
have a large diameter or a large bore respec-
tively. Moreover, the ampiitudes of the oscilla-
tions are rendered very small, because the entire
counterwelght osclllates In contradlstinetion to
the hltherto known centrifugal pendulums. Due
to the small amplitudes of the oscillatlons no sub-
stantlal and constant friction occurs.

In the accompanying drawlhgs two construc-
tlons according to the invention are shown by
way of example.

In these drawings:

Figs. 1 and 2 show {n longitudinal- and cross-
sectlon respectively simple counterweight ar-
rangements on the end of a connecting rod,

Figs, 3 and 4 show a longitudinal- and a cross-
section respectively of a counterwelght arrange-
ment simultaneously actlng as oscillation absorh-
er, and
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Pigs. 5 to 8 illustrate on a larger scale detalls
of the modification shown in Figs. 3 and 4.

In the construction {llustrated in Fig. 1 a plain
bearing 2 1s provided upon the crank pin 1. Slide-
ably arranged upon this is the end 3 of the con-
necting rod. At both sides of the connecting rod
4 and as far as possible towards the exterlor the
end 3 of the connecting rod 4 is provided with two
raceways 5, § each supporting a roller bearing 6
on the outer rings 71, T of which the counter-
welghts 8, 8 are suspended or favourably a sliding
bearing or another suitable bearing. The coun-
terwelghts each have an external yoke 9, 9, into
which engages nooses 18, 10 extending downward-
1y from the crank shaft web. On rotation of the
crank shaft, the nooses 10 carry with them the
counterweights, so that with regard to the axis of
the crank shaft the counterweights always are
located opposite the end of the connecting rod
and in this manner neutralize the centrifugal
forces of the latter. By means of the nooses 10
the counterweights 8 are also axially fAixed.

When using 8 main connecting rod with a plu-
rality of auxillary connecting rods, the auxiliary
connecting rods 11 preferably are, a8 may be seen
from Fig. 1, arranged in the centre plane of the
main connecting rod between the counterweights
8. The operation of this device easily may be
understood from the drawing and has been ex-
haustively explained in the preamble to the speci-
ficatlon.

The modification of the device shown In Figs. 3
and 4 substantially corresponds to the device il-
lustrated in Figs. 1 and 2 with the difference, how-~
ever, that according to the construction shown
in Figs. 3 and 4 each of the bearing rings 1, T of
the counterwelghts 8, 8 is suspended with a cer-
tain play from another bearing ring 12, 12. These
hearing rings 12, {2 are arranged upon sliding
rings 13, 13 which are provided on the head of
the connecting rod in place of the roller raceways.
Moreover, the bearing rings 12, 12 are coupled to
the crank shaft by pins 14, 14 and rotate with this
shaft. Instead of the yokes 9 each of the counter-
weights 8, shown in this construction, is provided
with a downwardly extending outwardly directed
flange 5, i6 (Flg. 5} having two stopa 16, I8 at
each slde. Opposite these stops spring buffers
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17, 17 are located which are provided at the crank
shaft wehs 10, 10,

The arrangement is such that the stops (6§ have
& certain freedom of movement within the plane
of oscillation of the counterweights 8 before they
come into contact with the spring buifers 17. In
a direction vertically to the plane of oscillations
the counterwcights at the stops 16 are gulded in
slots I8 of the casings 19 of the spring buffers 17
as may be gathered from Fig. 8. This slot guide
has the purpose of preventing oscillating move-
ments of the counterweights {n the direction of
the axis of the crank shaft. In order to allow an
easy mounting of all the bushings and bearing
rings without belng compelled to divide the crank
shaft these rings are subdlvided to a large extent.
The sliding bearing 2 consists of two ordinary
bearing bushing-halves. The big end 3 of the con-
necting rod alsp is subdivided in the usual man-
ner and the two parts are screwed together, as
shown at 20 in Fig. 4. The sllding ring {3 too is
formed of two parts which in the manner of a
two-part thin-walled bearing bushing are kept
together by pressure exerted by pressing. The
bearing ring 12 also is formed of two parts and
the ends of the two ring halves are jolned by
mortise and riveted together as shown in Figs. 7
ahd 8. The bearing ring T of the counterweights
8 also is constructed in two parts and at 21 the
two ring halves are screwed together. Instead of
subdividing the rings, the pin  of the crank shaft
also may be subdivided anhd the two parts may be
screwed together for instance by the simultaneous
use of a toothed separation joint.

The arraneement according to Flgs. 3 and 4
acts in exactly the salne manner as the construc-
tion according to Figs. 1 and 2 and, moreover, in
the manner of a Taylor- or Salomon-pendulum
whereby the pendulum mass is energized to an
own frequency which counteracts the frequencles
occurring at the crank shaft, Instead of the {wo
weights 8, 8 a single weight also could be ar-
ranged in the transverse plane of the connecting
rod 4 if such an arrangement is not prevented by
the auxiliary connecting rods Il. The Invention
also may be employed in engines with cylinders
arranged in series in one row.

ALBERT EBERHARD.





