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Published May 11, 1943

Serial No. 299,652

ALIEN PROPERTY CUSTODIAN

GEARING FOR AIRCRAFTS

Otto Niibling, Berlin-Frohnau, and Erich Wirth-
gen, Berlin-Reinickendorf-Ost, Germany; vest-
ed in the Alien Property Custodian

Application filed October 16, 1939

The present invention relates to a gearing
which particularly 1s deslgned and adapted for
aircrafts and is provided with means for chang-
ing the sense of rotation of the driving member,
for instance the air propeller, and also with means
for maintaining the sense of rotation of the aux-
iliary apparatus, as for instance the ignition de-
vice, the charger, the dynamo, the air compressor
and so on., Preferably, an ordinary combustion
engine is used as prime mover.

The present invention is not concerned with a
so-called reversible internal combustion engine of
usual construction, 1. e, with an engine which
during operation may be adjusted to a reversed
directlon of rotation by a simple manipulation by
means of & lever system and so on, In contra-
distinction thereto, the invention is concerned
with a gearing which without necessitating many
additional parts and particular space- and
weight-expenditure allows, preferably during
stoppage of the motor, adjustment to the reversed
direction of rotation in a simple manner, for in-
stance in the workshop. As all means are pro-
vided on the motor itself, difficuliies never may
arise due to accessories not being at hand.

The gearing according to the invention Is to
serve various purposes. One of the purposes for
instance is to provide particular favorable service
conditions of motor for airerafts having a plu-
rality of motors.

In connection with aircrafts having a plurality
of motors it 1s advantageous to build in motors
having air propellers rotating clockwise and anti-
clockwise. For this purpose it has been proposed
to provide clockwise and anti-clockwise rotating
gears for the air propellers anhd to bulld In these
gears according to demand.

This proposal, however, did not lead to useful
results, as for obtaining the two different direc-
tions of rotation two reducing gears are required
for & motor rotating in a constant sense, If now
reducing gears of different reducing ratios are
used, the number of the indlvidual parts of the
gearings which already must be provided in du-
plicate and kept in stock for the flylhg service
must be multiplied in accordance with the re-
ducings required,

Maoreover, in gearings in which the air propeller
shaft rotates in a direction opposite to that of
the crankshaft the drawback exlsts that the
counter-moment acting upon the crank case ls
equal to the sum of the torsional moments or
torques produced by the propeller on the one hand
and by the crankshaft on the other hand. Due
4o this relatively large torsional moment or torque
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the erank case is eXtremely heavy atressed. Par-
ticularly expensive ahd compHeated -arrange-
ments are required to cbviate these stresses,

If, however, -the reducing gear rotates in the
same direction as the erankshaft -and #he air
propeller shaft, then the difference of the torgues
produced by the air propeller shaft en the one
hand and the cranksheft on the other hand only
acts upon the crank case.

Now, it has been found that the gearing may in
a particular simple manner-be.so constructed that
for both directions of rotation of the air-propellers
such gearings only need be used in which the
air propeller -shaft-and the erankshaft have the
same direetion-of rotation and in whieh the aux-
iliary apparatus of the motor aggregate may
maintain the same sense of rotation so that on
reversal of the maehine an exchange of these ap-
paratus is not neeessary.

All these requirements are fulfilled acecording

to the Invention by the fact that the members

comtrolling the change of gas are, by very simple
auxiliary means, reversed in accordance -with-the
altered direction of rotation of the eranksheaft at
the stoppage of the motor, the driving means for
the auxillary apparatus being provided with re-
verstble driving members which -allow & constant
sense of rotation of the drive of the apparatus,

Preferably, the cams exohanged against each
other during the reversing operation are €0 ar-
ranged that during reversal the control rods of
the cylinder valves of the-engine.associated to the
cams are prevented Irom -further cooperation
with the one cam and caused .to directly co-
operate with the other cam,

For this purpose some of the cams.provided
for the opposite control openations are arranged
on their shaft in axially siaggered relation with
regard .to sach _other in such a manner that on
changing the ‘basic control positlon the shaft
may flrst of all axlally be displaced for the
amount.of the staggering and the distance of the
cams from .each other (smallest distance for
reasons of manufacture), whereupon the shaft
may be rotated about 180° and finally be.shifted
axially for the rest amount still possible,

'The-above described constmiction of the cams
and the arrangement.of the-latter upon the con-
trol shaft for instance have the substantial ad-
vantage that special -change-over surfaces be-
tween -the -individual c¢ams are not required.
Moreover, the very troublesome lifting of the
valve tappets also i3 not required-with -the oon-
struction and arrangement of.the cams-sceord-
jng to the invention,
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‘With regard to known devices for effecting re-
versal during operation, the actuation by means
of levers, forks, sleeves, and associated lever sys-
tems is dispensed with according to the present
invention and replaced by a simple guide bearing
having & connecting fiange arranged out of the
middle. For the purpose of adjustment this ele-
ment is removed and Inserted again after having
been turned about 180°,

In carrying out the invention into effect a
twelve cylinder motor for instance is provided
with two cam shafts journalled in the crank case.
Each cam shaft carrles a set of twelve cams for
an antl-clockwise rotation and a set of twelve
cams for a clockwise rotation six cams of each
set of twelve cams serve for controlling the ad-
mission and the other six cams of each set of
twelve cams are used for controlling the exhaust.
The cam shafts for Instance are gulded In side
bracket bearfngs. The flange of the hearing is
arranged upon Its hub outside the middle so
that 1f the hub is reversely mounted, the cam
shaft 1s gulded in the correct longitudinal posi-
tion for the other direction of rotation. An
alteration of the baslec control position, 1, e. a re-
versal of the gearing 1s effected for instance by
bringing the crankshaft of the cylinder | into
the position at the upper dead centre. The cam
shaft then occuples the position dlagrammat-
ically indicated In the well-known control dia-
gram shown in Flg. 4.

Preferably, the ¢cams mounted upon the upper
half of the shaft are staggered with regard to the
cams on the lower half of the shaft in the longi-

tudinal axis for two millimeters multiplied by .

the distance the valve spindles are separated
from each other in the longitudinal direction.

Therefore, the cam shaft may first of all be
displaced towards the left for two milllmeters
maultiplied by the smallest distance ¢ of the cams
from each other until some of the cams abut
agalnst the adjacent guides of the control rods
of the valve., Another portion of the cams there-
by 15 shifted for a certain amount, for instance
for the distance a, over the coordinated control
rods of the valve.

On rotatlon of the cam shaft for 180° those
cams which are sltuated for the measure a above
the coordinated control rods will 1ift the corre-
sponding contreol rods. Then, the cam shaft
may be shifted for instance towards the left for
the amount of the rest of the path of displace-
ment possible (see Fig. 3). The constructional
detalls and the particular arrangements will be
described later on.

Now, eventually the gulde bearing of the cam
shaft brought inte the new baslc control position
is fixed. Furthermore, for Instance the corre-
sponding ignition cables of the magnet ignition
device are exchanged. 'Then the reversible gear-
ings for the means driving the auxillary appa-
ratus and connected to the cam shaft, for in-
stance, by way of the crankshaft, are operated
and reversed respectively. This change-over
has the effect that for the new basic control posi-
tion of the cam shaft also the sense of rotation of
the driving means for the auxiliary apparatus
remains unchanged and constant, The auxiliary
apparatus, as for lnstance the charging device,
the magneto igmition device, the dynamo or
lighting machine, the alr compressor, the lubri-
cating pump, the fuel pump, the revolution in-
dicator, eventually are screwed o a speclal cas-
ing and elastically driven by the crankshaft by
means of a common driving wheel. Particularly,
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all auxiliary apparatus are, according to the
present inventlon, brought into engagement with
the main driving wheel by way of two Interme-
diate wheels, the change of the sense of rotation
of the main driving member, supplying the power
in such & manner that the auxillary apparatus
always are driven in the same sense of rotation,
being effected for instance by the fact that by
oscillation the main driving wheel selectively is
brought into engagement always with one of the
Intermediate driving wheels. Another possibility
consists In this that the Intermediate wheels are
eccentrically journalled and are selectively swung
towards the flxed main driving wheel. Pref-
erably, the eccentric bolts of the intermedlate
wheels are so arranged that they may be turned
from the outside. This has the substantial ad-
vantage and 1s a great advantage of the present
invention that the motor during adjustment of
the cams heed not be dismantled.

A further possibility consists in fixing upon the
cam shaft two bevel gear wheels the points of
the cones of which are staggered about the way
of displacement of the cam shaft in the longitu-
dinal axis, another bevel gear wheel being pro-
vided which on displacement of the cam shaft
selectively engages the one or the other bevel
gear wheel. The third bevel gear wheel not
mounted upen the cam shaft is used for driving
an auxillary apparatus.

A particular simple arrangement for obtaining
the constant sense of rotatlon of the auxiliary
apparatus conslsts, according to the present in-
vention, in providing a screw or the like of defl-
nite length which may be exchanged againgt s
screw of other length and whereby the exchange
alters the position of the maln driving gear and
thereby effects a reversal of the sense of rotation
of the auxiliary apparatus.

Preferably, an elastically acting member is In-
serted, according to the present invention, in the
system of power transmission from a malin driv-
ing wheel or the like to the driving members of
the auxtillary apparatus. Preferably, a torslon
rod, & rod-like torsional spring or the like is used
for this purpose one end of which is inserted in
& bore of the crankshaft and the other end in a
bore of a pinion,

The gearing according to the present Invention
has various adventages. The individual auxillary
apparetus need not as hitherto be combined to
a block to allow reversal whereby the block as
a whole had to be exchanged agalnst another
block.

The gearing according to the invention, more-
over, has the advantage of being provided with
all parts required for the various basic control

ositions (clockwise- and anti-clockwise rota-
tlon). The reversal itself, 1. e, the change of the
basic control position for instance from clock-
wise rotation to anti-clockwise rotation may be
effected In the shortest time and eventually also
at any desired place. The basic control position
may be made discernible by providing signs on
the outslde of the reversing members in consider-
ation, for instance, by applying a dye of a speclal
color for each direction of rotation in such a
manner that persons not familiar with the ar-~
rangement may be able to at once ascertain the
direction of rotation adjusted.

Other features of the invention will be ex-
plalned in the following description of the vari-
ous constructions.

In the accompanying drawlngs some embodi-
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ments of the invention are shown by way of ex-
ample.

In these drawings:

Fig. 1 1s a slde elevation of a twelve cylinder
motor, for instance of an aero-motor, partially
in section,

Fig. 2 is a rear view of the construction illus-
trated in Fig. 1 diagrammatically showing some
particular important members,

Flg. 3 iIs an elevation on enlarged scale of a
portion of a cam shaft having four control cams
for each of the two control rods or tappets of
the valve of a c¥linder,

Fig. 4 shows a well-known control diagram
representing diagrammatically the varlous ad-
mission and exhaust positions of the different
cams,

Fig. 5 Is an end view of the construction fllus-
trated In Fig. 3 showlng the positions of the vari-
ous cams,

Fig. 6 lllustrates another modification substan-
tlally in section on line VI—VI of Mg, 7 in which
an oscillatable stepped gear wheel Is provided
allowing to always drive the auxiliary apparatus
of the gearing in the same sense,

Flg. 7 is a section on line VII—VII of Fig. 6
the section being taken through the main parts
only,

Fig. 8 shows another modification of the con-
struction {llustrated in Figs. 1, 2 and 8, 7; ac-
cording to this modificatlon a fAxed main driv-
ing wheel and two selectively swingable inter-
mediate drive wheels are provided which by their
oscillation allow the auxillary apparatus of the
gearing to effect driving in the same sense of
rotation,

Fig. 9 Is a section of a detail of the construc-
tion llustrated in Fig. 8,

Figs. 10 and 11 show another meodification,
Flg. 10 representing the reversible gearing in the
one positlon and Fig. 11 shows the same gearing
in the other position, the reversal in thls con-
struction being possible due to the faet that a
pinion may axially be displaced and alternately
be brought Into engagement with further differ-
ent driving wheels, and

Fig, 12 shows a section thrcough a still other
construction of the reversible gear for the aux-
illary apparatus,

The construction shown in Figs. 1 and 2 is par-
ticularly adapted for the drive of some individual
auxilary apparatus, i. e. particularly of the lu-
bricatlng pump and the fuel pump the driving
power for these apparatius being derived from the
cam shaft.

The crankshaft case is designated with (. 2
ara the motor cylinders set at an angle to the
crankshaft in V-fashion. 3 ls one of the shafts
provided with cams. The shaft 3 1s Journalled at
4 in & journal bearing. Another journal bear-
ing arranged at the end faca of the crank case
is provided with a bushing §. The end of the
cam shaft extending outwardly at thls point is
designated 8 and provided with a thread upon
which a nut 1, for instance a hexagon nut, 1s
screwed. The bushing 5§ is arranged In the In-
terior of the bearing body 8 which is reversibly
arranged in the crank case in such a manner
that the bearing body together with the bushing
may be brought axially into another position and
be fixed in this position in the longitudinal di-
rectlon. One of the axial positions Is shown In
Fig. 1. In this position one of the bevel wheels
described In detall later on ehgages into the bevel
wheel ‘23 drivioig the associated auxiliary ap-
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paratus. In the other axial position of the bear-
ing 8 the other of the two bevel wheels engages
the just mentioned driving bevel wheel 23.

Four eams of the shaft 3 are designated 9, 10,
il and 12. The two cams 8§ and 10 form a group

-and alternately cooperate with the control rod

or tappet I8, for Instance of an admission valve
of the cylinder 2. The control rod 18 s In its
axlal direction displaceably mounted in a guide
14,

The two cams il and 12 also form a group.
Each of these cams alternately cooperates with
the conirol rod or tappet 18 which, for Instance
controls the exhaust valve of the cylinder 2 of
The contrel rod
15 is mounted In an axial guide 18,

In the directlon looking from the cams towards
the bearing 5, 0 the cam shaft 3 has a part 7T
provided with wedge grooves or the like Into
which engage wedges by means of which driving
wheels rotate the cam shaft, the wheels 18 be-
ing Journalled in the crank case by means of
a side bracket bearing 250. In all positions of
the crankshaft 3 the spur gear wheel 18 mounted
in this manner maintainsg its position with re-
gard to the crank case |I. The wheel {8 serves
as drlving wheel for the cam shaft and always
engages a corresponding gear wheel mounted
upon the crankshaft of the internal combustion
engine. Consequently, durlng rotation of the
crankshaft the cam shaft also is rotated. Here-
by the power Is transmlitted to the cam shaft by
way of the driving wheel 18 and the wedge.

Adjacent the driving wheel 18 and in the di-
rection towards the bearing 5 a sleeve-ltke body
19 is so connected to the cam shaft 3 as to be
capable of axial displacement. The ends of the
sleeve~like body [9 carry bevel wheels 20 and 2|
respectively the teeth of which face each other.

The two bevel wheels 20 and 21 may alternate-
ly be brought Into engagement with another
bevel wheel 23 fixed upon a shaft 24, In a man-
ner not shown In the drawings the shaft 24 is
connected to the driving mechanism of the aux-
{lliary apparatus, particularly the lubricating
pump and the fuel pump. The bevel wheel 23
as well as the shaft 24 are journalled in the cas-
ing portion 25 of the Internal combustion engine,

26 In Flg. 2 designates a driving wheel fixed
upon the crank-shaft of the internal combustion
engine and engaging another driving wheel 21
rotatably mounted upon the shaft 28. Rotata-
bly mounted upon the latter s another driving
wheel 28 rigidly connected to the driving wheel
21. The drlving wheel 28 engages with the al-
ready mentloned driving wheel I8 which 1s con-
nected to the part (71 of the cam shaft 3 by
means of keys.

The driving wheel 26 mounted upon the crank-
shaft also engages a driving wheel 36 rotatably
mounted upon an axis 3i. Also rotatably mount-
ed upon the latter Is a drlving wheel 32 rigidly
connected to the driving wheel 30 and engaging
another driving wheel 33 which corresponds to
the already mentioned driving wheel 10 gand is
arranged upon a cam shaft 34 which as cam
shaft belongs to the other group of cylinder rows
arranged in V-fashion, 38§ designates the driv-
Ing shaft for an auxillary apparatus correspond-
ing to the driving sheft 24. One of these aux-
lliary apparatus, for instance the oil pump, is
designated 36 and another auxillary mpparatus,
for Instance the fuel pump, Is designated 37.
The driving wheel 23 drives the pump 36 and
the driving member 35 drives the pump 38,
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In Fig. 3 the cam shaft is desighated 38, the
illustrated broken away portlon of which car-
rles elght cams 39, 40, 41, 42, 43, 44, 45 and 486.
Any two of these cams form a group for alter-
nately actuating a coordinated valve tappet for
a cylinder of the internal combustion engine.
S0, for Instance, a group i1s formed by the cams
39, 49, another group by the cams 41, 42, another
group by the cams 43, 44 and still another group
by the cams 45, 48. The cams 39 and 48 co-
operate with the tappet 41, the cams 41, 42 with
the tappet 40, the cams 43, 44 with the tappet
48 and the cams 45, 48 with the tappet 50.

The cams 38 and 40 are arranged in an axlally
spaced relation from each other for the distance
b. The camg 41 and 42 are spaced from each
other for the axial distance ¢. The vertical pro-
jectlon of the cam 42 overlaps the tappet 48
about the distance a,

The control surfaces projecting furthest out-
wardly of the cams 39, 42, 44 and 43 are directed
upwardly, whereas the control surfacesg project-
ing furthest outwardly of the other cams 40, 41,
43 and 46 are directed downwardly. In the left
hand group of cams 39, 40, 41 and 42 controlling
the valve tappets of the cylinder 4 of the internal
combustion engine the two outer cams 39 and
42 are directed upwardly, whereas the two Inner
cams 48 and 41 are directed downwardly.

In the group of cams 43, 44, 45, 46 serving to
actuate the valve tappets, for ingtance of the
cylinder 5 of the Internal combustion engine,
the two outer cams 43 and 46 are directed down-
wardly, whereas the two Inner cams 44 and 45
are directed upwardly.

Whereas with the tappets of the cylinder 4
the tappet 471 arranged at the left hand side
occuples the upper position, the corresponding
tappet 49 of the cylinder 5 occupies its lower
position. The tappet 48 of the cylinder 4 ar-
ranged at the right hand side, however, occuples
its lower position, whereas the corresponding tap-
pet 58 of the cylinder 5 occuples its upper
position.

The various tappets and their positions partiy
may be seen from the end view shown In Fig. 5
and particularly from the control diagram shown
in Fig. 4. Here also the following deslgnations
have heen used. The capltal letters E and A
designate the admission and exhaust respectively.
The Roman figures designate for instance a basic
control position, the Arabic figures then designate
the other basic control position. Furthermore,
the Figures 1-6 and I-VI respectively designate
the various cylinders of the internal combustion
engine. The ignition Is for instance eflected In
the succession 1, 5, 8, 6, 2, 4 for the rotation in
the clockwise direction and |1, 4, 2, 6, 3, § for the
rotation in the antil-clockwise directlon.

Reversal of the Internal eombustlon engine |,
2 may for instance be effected as follows: The en-
gine Is stopped, whereupon the cam shaft 1s
shifted towards the left about 2 mm and the meas-
ure ¢ until some of the cams abut agalnst adja-
cent tappets. Another portion of the cams
thereby is moved ahout the distance a over the
coordinated valve tappets. Thereupon, the cam
shaft {5 rotated about 180°, whereby such cams
overlapping the coordinated valve tappets for the
distance @ are caused to 1ift these tappets. After
rotation round 180° hag been effected, the cam
shaft may be shifted further towards the left for
the rest amount of the still possible way of dis-
placement,

Before carrying out these operations the bevel
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gear 20 had been In engagement with the bevel
gear 23, After carrylng out these operations and
after the shifting of the cam shaft towards the
left has been effected, the bevel gear 20 no longer
engages the bevel wheel 23, but now the bevel
wheel 21 is In engagement with the bevel wheetl 23,

After the displacement of the control shaft to-
wards the left has been terminated, the reversible
bearing 3, 6 is fixed and thereby the new oper-
ative position of the cam shaft is warranted.
Twe other cams now cooperate with the tappets
of the admission and the exhaust respectively.
Consequently, the internal combustion engine is,
according to the arrangement and construction
of the cams shown In Figs. 3, 4, and 5, reverged in
such a manner that the ¢crankshaft now rotatesin
opposite direction to that In which it was rotated
before the reversal of the cam shaft was effected.
The direction of rotation for the auxiliary appa-
ratus, however, is the same as before, because the
change gearing 20, 21, 28 has also been reversed
during displacement of the cam shaft.

In the modification shown In Pigs. 6 and 7 the
crank case of the Internal combustion engine is
designated §1. The cylinders shown partially in
front elevation only are deslgnated 52 and the
geometrical axis of the crankshaft is deslgnated
53. Round the axis 53 a maln driving gear 54 is
rotatably arranged which, however, Is neither dis-
placeable nor swingable with the wheel 54 pro-
vided with an internal tocothed rim 80 the wheel
56 cooperates In various positions. The wheel 55
is swingably jfournalled in such a manner that In
any position of oscillation it always is brought
into engagement with the surrounding wheel 54.
The wheel 5% Is formed as a spur gear wheel and
flxed upon a sleeve or the like upon which also iIs
fixed another spur gear wheel 86 provided with an
external toothed rim. This other gear wheel 56
therefore may be swung in the same manner as
the gear wheel 55 the swinglng being positively
effected together with the swinging of the wheel
88. According to the position into which It has
been swung, the gear wheel 56 elther engages a
spur gear wheel 57 or another spur gear wheel 6f.
The two gear wheels 571 and 61 are in engagement
with each other.

If the gear wheel 56 engages the gear wheel §1,
the latter recelves a deflnite rotation. This ro-
tation ig transmitted in the same or opposite sense
but in a quite definite manner to all the spur gear
wheels 61-12 connected to the wheel 5%.

Reversed direction of rotation of each Individ-
ual spur gear Wheel connected results If the
swingable gear wheel 56 engages the gear wheel
81 as this latter engages the gear wheel 57 and
any two gear wheels engaging each other rotate,
as i1s well-known, I{n opposite directlons. The
gear wheel 61 is connected by way of the pinion
62 with the driving wheel 63 for the dynamo or
lighting machine. Moreover, the pilnion 62 en-
gages the gear wheel 64 upon the shaft of which
another gear whee] 65 Is fixed which engages a
gear wheel 66, The latter drives a spur gear
wheel 61 serving to drive the magneto ignition
device. The already mentioned spur gear wheel
64 also drives a spur gear wheel 68 for the air
compressor by way of the spur.gear whee] 69.
From the latter the driving power for a gear
wheel 10 is derived which directly engages the
wheel 60. The wheel 10 i3 in engagement with
another spur gear wheel 11 which drives a gear
wheel 12 for actuating the lubricant pump.

By way of the spur gear wheels 58 and the gear
wheel §9 mounted on the shaft carrying the gear
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wheels 38 the gear wheel 87 drives another spur
gear wheel 60 by means of which the charger of
the Internal combustion engine is actuated.

In the consiruction shown in Fig, 7 the crank
pin of the crankshaft of the internal combustion
engine 18 designated 73. Connected to the one
cheek or side wall of this crank pin 138 is a hollow
pin 14 journalled in & slide bearing 75. Inserted
into the recess of the pin T4 is & sleeve T6 which
may for instance be fixed by friction, and at the
{nner surface of which are provided teeth, serra-
tiong or the like 83 into which engage correspond-
ing teeth, ribs or the like of g torsional spring 82.
The ribs of the torsional spring 92 engaging the
grooves of the sleeve T6 warrant the elastic trans-
mission of the torque from the crankshaft 13 to
the connected gearing elements. A large portion
of the length of the torsional spring 82 is sur-
rounded by a sleeve T1 carrying various gearing
elements and which may be rotated in a definite
manner about the longitudinal axis. The sleeve
17 is provided with a projection which is jour-
nalled in the bearing 19. The latter may for In-
stance be carried by the crankshaft case 9. The
portion of the sleeve TT supporied by the bearing
18 is continued as a bushing 54 surrounding the
sleeve T1. This bushing 54 is provided with the
already mentioned internal toothed rim 80. Be-
tween the outer wall of the sleeve 17 and the In-
ner wall of the crankshaft rib-like supporting
members 261 for the sleeve 1T may he arranged
with sufficlent play so that stops of the rib-like
supporting members 251 prevent overloading of
the torsional spring, for Instance during starting.
The end of the rod 82 not cooperating with the
crankshaft 13 Is provided with a piston-like en-
largement having externally axially arranged ribs,
teeth or the like 84, The latter engage corre-
sponding grooves or teeth of the portion 85 of the
sleeve 11 protruding from the crankshaft casing.
The portion 86 bears by way of a ball bearing 86
against a sleeve 87 which is journalled in the wall
of the crank-shaft casing, a flange 88 of the sleeve
81 bearing against the outer wall of the crank-
shaft casing and being held by means of a cap
screw 88, This screw simultaneously also holds
a disc 90 or the ke provided with a centre bore.

The outwardly directed end face of the portion
86 of the sleeve 17 is provided with a flange to
which a flange disc 91 is flxed for instance hy
means of screw bolts. The disc 81 has a recess
92 in its middle portion into which a pin (not
shown in the drawing) of a starting crank or
handle for the crankshaft of the internal com-
bustion engine may engage. The walls of this
recess 92 are in a8 manner kncwn per se provided
with further inclined recesses or notches which
allow that during rotation in one direction the
starting crank or handle is coupled to the part
to be actuated, but {s disengaged as soon as rota-
tion in opposite direction is effected. This has
the advantage that cn starting of the machine
return shocks of the crankshaft are not trans-
ferred upon the starting crank or handle.

The above mentioned sleeve 8T is made integral
with the eccentric sleeve 93 and is connected to
the crankshaft casing by means of a flange. The
sleeve 93 freely surrounds the sleeve 171 in a
spaced relation. Rotatably and swingably
mounted upon the eccenter 93 is a body 94 carry-
ing two spur gear wheels which are axially ar-
ranged side by side but have different diameters
so that the two gear wheels form a step. The
one of these gear wheels is designated 55 and
has already been described in connection with
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the modification shown in Fig. 6. The other gear
wheel designated 56 also has already been de-
scribed in connection with the modification illus-
trated in Fig. 6.

According to the position into which the car-
rier body 94 has been swung the gear wheel 55
comes at different places into engagement with
the toothed rim 89 driven by the crankshaft T3
by means of the spring rod 82. This toothed rim
80, therefore, rotates the toothed rim 55, whereby
the hody 94 of this portion and thereby also the
toothed rim 56 is rotated, By rotating the sleeve
93, 87 about its longitudinal axis the carrier body
94 is lifted or lowered. Simultaneously the ec-
centrically arranged toothed rim 66 also is lifted
or lowered and selectively brought into engage-
ment either with the gear wheel 61 (see Fig. 6)
cr with the gear wheel 57 (see Figs. 6 and 7).

In the service position shown in Fig. 7 the
toothed rim 56 engages the toothed rim 57 which
in turn engages the toothed rim 58 the hub of
which is rigidly connected to the hub of a fur-
ther toothed rim 59. The latter engages a toothed
rim 60 upon the shaft of which the body 95 car-
rying the vanes 96 of a charger is arranged in
suspension. If the vanes 96 are rotated, air is
drawn in by way of the socket 8T and is forced
into the channel 98 annularly surrounding the
vanes 88. The channel 98 is formed on the one
hand by the crankshaft case of the internal com-
bustion engine and on the other hand by a joined
special casing 98 having a recess 100 by which
access may be had to the clutch members 94, 92 of
the starting crank or handle.

If due to a reversal of the cam shaft the direc-
tion of rotation of the crankshaft of the com-
bustion engine is changed, then rotation of the
sleeve 93 causes swinging of the eccenter pro-
vided at said sleeve so that the gear wheel 56 is
brought into engagement with another spur gear
wheel for instance from 57 to 64 disengaged from
the wheel 51 and engaged with the wheel 81 or
vice versa disengaged from the wheel 61 and en-
gaged with the wheel §71. By this change of
engagement the gltered direction of rotation of
the crankshaft is so changed for the auxiliary
apparatus that these continue to rotate in the
same sense of rotation.

If the motor is started with a centrifugal starter
having a large starting torque it is preferable to
cause the starter to directly act upon the crank-
shaft, i. e, by cutting out the torsional rod by way
of the stops 251 after overcoming the play pre-
vailing in the state of rest. In the modification
shown in Figs. 6, 7, 8 and 9 it is preferable to
exchange the starter and the starter jaws 9§ when
altering the direction of rotation of the crank-
shaft, whereas this is not required with the con-
structions shown in Figs. 10, 11 and 12.

In the construction shown in Fig. 8 the crank
case of the Internal combustion engine is deslg-
nated {01, The two cylinder rows are designated
102 and 103 respectively and the casing of the
charger is designated i04. The charger is pro-
vided with two spirally arranged channels which
are connected to the casing proper of the rotat-
ing vanes.

Of the various spur gear wheels diagrammati-
cally shown in Fig. 8 two pinlons the axes of
rotation cf which are swingable are designated
t05 and 187 respectively. The pinion 105 is
mounted for instance upon an eccentrically ar-
ranged carrier 108 as shown in Fig. 3. The latter
is by means of a cylindrical pin 120 rotatably
supported in the casing portion 123 of the crank-
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shaft case (01, On the other slde the eccentric
bolt t08 carries a disc 106 about in the shape of
a parallelogram provided with two dlametrically
arranged bores through which extend screw bolts
121, The thread of the bolts 121 is screwed Into
the female thread of the wall 122 of the crank-
shaft case 101. The axes of the screw bolts 121
are both arranged In the same distance from the
center axls of the pivoted pin 120 of the carrier
body 108. The plnion 105 may for instance be
swung by loosening the two screws 121, gripping
the disc 106 of the carrier body (08 and turning
same round 180°, whereby the eccentric portion
of the carrier bolt 108 for instance 1s swung up-
wardly (see Fig. 9). Then the screw bolts are
agaln inserted into the holes of the disc 106 and
screwed into the female thread of the bearing
portion 122,

The pinion (07 is correspondingly journalled.
The swingable disc of the eccentric bearing pin
for this pinion 107 is designated i08a.

Depending on the position into which the pin-
ion 05 has been swung, the latter engages the
main pinjon 104, the pinion 187, engaging the pin-
ion 105, thereby malntaing its position and is
prevented from engaging the pinion (04,

If now the main pinion 104 which for instance
is mounted upon the crankshaft and rotates with
the latter in the same sense is rotated in another
direction, then reversal must be effected in such
a manner that the drives of the auxillary ap-
paratus continue to rotate In the same direction
of rotation In apite of the other direction of
rotation of the crankshaft. For this purpose
during reversal the pinion 108 i1s brought out of
engagement with the pinlon (04. The pinion
{07, however, is so swung that it engages the
pinion 104 and simultaneously remalns in en-
egagement with the plnion 108. Consequently, the
opposite sense of rotation of the crankshaft is so
changed that all driving wheels connected thereto
continue to rotate In thelr previous sense of ro-
tation.

The pinion (8T engages a pinlon 109 upon the
axis of which another pinion 110 s fixed engag-
ing a pinion til fixed upon the axis of the
charger (04a which latter is driven thereby.

The pinion 105 engages a pinlon ({2 In turn
engaging another pinjon 113. The latter engages
a pinion 114 upon the shaft of which a pinion
i15 is fixed, The pinion 114 rotates a pinion
116. The pinion 13 drives a pinion 117 engag-
ing another pinion ti18 which finally engages a
pinion 119.

Some of the pinions mentioned serve for in-
stance for operating the lighting machine or
dynamo, the air compressor, the magneto lgni-
tion device, the pumps and so on.

Eventually, the eccentric pin of the swingable
pinions may be rotated by means of a worm ac-
tuated from the exterlor.

In the construction shown In Flgs. 10 and 11
a portion of the wall of the crankshaft case is
designated 124, The crankshaft 125 15 Journalled
in the slide bearing 126 and is provided with a
sleeve 127 connected to one of the cheeks of the
crank and facilng towards the gearing driven by
the crankshaft. This sleeve 127 is journalled in
a slide bearing 128, In the sleeve-like portion
of the shaft another sleeve 129 18 provided which
by means of a fitting pin 130 or the like is con-
nected to the crankshaft in a manner to be ro-
tated with the latter. The interior of the sleeve
128 is provided with axlially extending ribs, teeth
or the Hke into which engage correspondingly
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shaped teeth or grooves 131 of a rod (32 acting
as torslonal spring. The other end of the rod
132 also Is provided with axially extending
grooves, teeth or the like engaging in correspond-
ing grooves or teeth of the sleeve 134, This
sleeve partially surrounds the rod 132 in spaced
relation. The side of the sleeve 134 facing the
crankshaft is provided with a sleeve-like projec-
tion 135 having at 136 teeth projecting to the
exterior which engage axial grooves or the like
of the sleeve 129 and serve the purpose of trans-
mitting the power from the crankshaft npon the
sleeve 185. Projecting from the sleeve 134, 1388
is g carrier hody (37 of a spur gear rim (38. The
carrier body 13T and the sleeve (34, 135 are made
integral. Adjacent the carrier body 137 a wall
139 is provided which serves as a bearing. In
this wall 138 the sleeve 135 is rotatably and shift-
ably arranged by means of a slide bearing bush-
ing 140,

The wall i39 carries another bearing bushing
141 in which a bolt 142 is rotatably journalled
carving a hub i43 forming one piece with two
gear wheels 144 and 145, The gear wheel 144 1s
smaller than the gear wheel 145 and in the
position of the gearing shown in Fig, 10 engages
with the toothed rim 138 of the carrier hody 131.

The bolt 142, moreover, is journalled in a bear-
ing bushing (46 resting in a recess 14T of the
wall 124 of the crankshaft case.

The spur gear whee] 145 engages with a further
spur gear wheel 148 fixed upon the shaft 149
which Is rotatably jJournalled in a slide bear-
ing 150,

The bolt 149 is provided with a projection 51
upon which a carrier body 152 for vanes 153 Is
mounted in suspension. The carrler body 152
together with the vanes 153 1s prevented from
performing undesired axial displacements hy
means of a shoulder 154 of the bolt 149. By
way of a socket I54a air, for Instance, may be
sucked In by means of the charger 161—I54
which alr then }s pressed into & channel 1B5.
The latter on the one hand is formed by a rec-
cess of the casing wall 124 and on the other hand
by a casing 166. The latter has an opening 167
through which a handie or starting crank for
starting the crankshaft may be inserted.

Upcn the above mentioned bolt 142 a further
gear wheel 150 is fixed the hub of which pref-
erably is made Integral with the hubs of the
gear wheels (43 and 145. Another gear wheel
158 is Aixed upon a sleeve-like hub I60. The lat-
ter surrounds the sleeve 134 mentioned above
and is provided with jaws or claws 16/ or the
like directed inwardly which may be coupled with
correspondingly shaped claws 1862, These claws
are arranged upon the sleeve 134 and project
outwardly. By axially shifting the sleeve 134 the
claws 162 and 161 may be engaged and disen-
egaged respectively. Moreover, the gear wheel
37, 138 may be disengaged from the gear wheel
144, 143 by an axial displacement of the sleeve 134,

In the construction shown in Fig. 10 the gear
wheel 138 engages the gear wheel 184, whereas
the claws 162, 161 are out of engagement. In
the construction shown In Fig. 11 the gear wheel
138 is out of engagement with the gear wheel
(44, whereas the claws 162 and 161 are coupled
together.

Into the casing 158 another sleeve body 163
projects forming a continuation of the gleeve 169.
The sleeve body 168, 183 13 Journalled in the wall
124 of the crankshaft case. To this purpose
benring bushings 184 and 165 are provided be-
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tween the sleeve body 160, 163 and the wall 124.
The bearing bushing 164 is directed towards the
inner walls of the caging 124, whereas the bearing
bushing 163 is directed towards the outer wall of
the casing 124 faclng the space surrounded by
the casing 156. The end of the portion 163 of the
sleeve 160 projecting outwardly carries an outer
thread upon which {s screwed a nut 168 by means
of which the sleeve (60, (63 may axially be fixed
in position.

The front end of the portion 163 of the sleeve
160 is provided with a regess 167 into which the
handle or starting crank may engage. The re-
cess 187 is provided with other recesses not shown
in the drawings which serve the same purpose as
the corresponding recesses in the modification
shown in Pig. 7, i. e. the purpose of allowing
coupling of the handle or starting crank with the
sleeve 163 during rotation in one direction only,

whereas on rotation in the opposite direction the 2

crank or handie is disengaged or released.

In the recess 16T a screw bolt 168 1s arranged
having a lhexagon head 169 or the like. The end
of the bolt 188 carrying the thread 170 Is screwed
into the above mentioned head 133 of the spring
rod 132 less deep in the position shown in Fig. 10
and deeper in the position shown in Fig. 11, By
means of this screw connection the rod 132 and
the sleeve 133 coupled thereto together with the
gear wheel 137, 138 and the coupling claw 182 may
axially be shifted on rotatlon of the bolt 168, 189,
i78.

For Instance, after rotation of the bolt 168, 169,
170 the rod 132 together with the sleeve 135 is

shifted so far towards the right until a limita- -

tion of the movement is effected by striking
agalnst a fixed portion, whereupon the position
shown in Fig. 11 is obtained.

The outer periphery of the head 133 of the
spring rod 132 i{s provided with grooves or ribs
(Tl which engage in corresponding ribs or grooves
of the portion 1712 of the sleeve 134 and thereby
form a coupling for transmitting the torque. The
power, therefore, is transmitted from the crank-
shaft 125 by way of the grooves and ribs of the
portion 131 of the rod 132 upon the other head
133 of this rod. The grooves and ribs provided
here transmit the power upon the portion 12 of
the sleeve 134, From the latter the power Is
transmitted to the gear wheel 137, 138 and the
coupling claw 162 respectively. Moreover, as
soon as the resilient rod 132 Is twisted to a defi-
nite degree, the sleeve 135 Is coupled to the sleeve
129 by means of its outer projections 136. This

coupling of the projections (36 has the advan- ;

tage that on starting the twistable rod 132 is not
damaged or destroyed by the return shock. The
stops 136 have so much tangential play that the
crankshaft during normal operation may freely
swing, i. e. may transmit its power by way of the
resilient rod.

The portion 172 of the sleeve 134 bears agalnst
the sleeve 160 by way of a roller bearing 173.
Moreover, the front end of the portion 112 is pro-
vided with a shoulder 175 against which bears a
ball bearing 174 held agalnst axial displacement
by means of an expanding ring 176 or the like.
A projection of the sleeve 180 directed towards
the Interior Is designated 177. Axial displace-
ment towards the right of the screw bolt 168, 169,
§T0 is prevented by the safety member {78 If hy
rotating of the screw bolt 168, 159, 170 the head
{33 of the spring rod 132 is removed towards the
left away from the stop 1T7.

In Fig. 10 the {(ndividual elements or members ;
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occupy the position adapted for an anti-clockwise
rotation, whereas Fig. 11 shows the position of
tha Individual elements adapted for a clockwise
rotation. In the first case (Fig. 10) the main
driving wheel 137, 138 is coupled by way of the
gear wWheel (44 to the gear wheel 159, the power
from the wheel 144 then being transmitted to the
gear wheel (59 by way of a wheel 158 and an-
other gear wheel not shown in the drawings.
The coupling claws 162 and 161 are out of en-
gagement in this position. All other driving
wheels for the various auxillary apparatus, as
ignttion device, charger, pumps and so on, are
connected to the driving wheel 159.

For rotation in an antl-clockwise direction
(Fig. 11) the gear wheel 137, 138 is out of en-
gagement wilh the gear wheel 144. The gear
wheel 137, 138 is coupled in this case to the gear
wheel 159 directly by way of the claws 162, 181,
In this case the gear wheels 137, 138 and 159
have the same direction of rotation, whereas in
the position shown in Pig. 10 the two gear
wheels rotate in opposite directions. The wheel
not shown in the drawings and arranged between
the gear wheel (58 and the gear wheel 159 effects

" & reversal of the direction of rotation in the po-
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sition of the individual elements shown {n Fig. 10.
In this pesition according to Fig, 10 the ball bear-
ing IT4 acts as thrust bearing gs the gear wheels
137, 138 on the one hand and 169 on the other
hand rotate In oppostte directions.

The not particularly designated starting claws
at the front ends of the sleeve 168 and the crank-
shaft rotate in the same direction.

In the modification shown in Fig. 12 the crank-
shaft 179 provided at its end facing the gearing
with a sleeve 188 is journalled in a slide bearing
181. Into the sleeve 180 of the crankshaft 179
extends the rod 183 which in this case i1s not
formed as a torsional spring but as a coupling
member and s provided at one end with g head
184. The latter has axially extending grooves,
teeth or the like which engage in corresponding
teeth or grooves 182 of the bore surrounding the

5 bolt and thereby warrant a transmission of the

torque from the crankshaft upon the bolt. With
the rigid construction of the coupling rod 183 the
stops 251 shown In Fig. 7 may be dispensed with.
The shaft 193 in this case is used as an elastic
member for driving the charger.

The other end 185 of the bolt 1838 has a shoulder
188 which is formed in a distance from the end
of the bolt corresponding abont to the axial length
of the head 184 provided at the other end of the
bolt. The outer surface of the shoulder 186 is
provided with axially extending grooves, ribs or
the like which cooperate with corresponding ribs,
grooves or the like 187 of bevel wheels. The
grooves, ribs or the like are provided in the in-
terior of & hub 188 which by means of a ball bear-
ing 189 is rotatably jowrnalled in the wall 190 of
the crankshaft case. The hub 188 carries a disc
with a cone-shaped toothed rim 191 engaging a
toothed rim 192 the axis of rotatlon of which is

5 arranged about vertically Lo the axis of rotation

of the crankshaft (19 and the coupling rod 183.
The bevel wheel 192 is fixed upon & shaft 193,
The bevel wheel and the shaft are arranged in
a neck-journal 194.

Another hub 186 surrounds the portion 18§ of
the bolt 183 and the inner wall of same facing the
bolt is provided with grooves, ribs or the like by
means of which a coupling to corresponding
grooves or ribs of the bolt could be effected #f the
corresponding grooves, ribs and so on engage each
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other. As the end portion 185 of the bolt is not
provided with erooves, ribs or the lke, the hub
188 1s not coupled to the bolt 183 but loosely ro-
tates round this bolt, the rotation belng trans-
mitted by means of the bevel wheel 185. The hub
196 bears against the wall 198 of the crankshaft
case by way of a ball bearing 197. This portlon
of the case has a perforation (99 by means of
which access may be had to the gearing. Through
this perforation (99, for instance, a handle or
starting crank may be inserted and applied to the
head portion 200. The two ends of the hubs 188
and 196 facing each other are surrounded by &
ring 20/ which bears against the hubs by way of
two further rings 202 and 293.

If the directlon of rotation of the crankshaft
179 is changed, the direction of rotation of the
shaft 193 which serves for driving the charger
also would be changed. To warrant, however,
that the direction of rotation of the shaft 193
remains the same as previously, the bolt 183 after
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loosening the members fixing same in its position
is axially withdrawn, swung ahbout 180° and in-
serted again. Hereby the axial ribs or the like
of the head 184 of the rod 183 engage correspond-
Ing ribs, grooves or the lke of the hub 188 so that
now this hub is positively coupled to the rod and
thereby also to the erankshaft, whereas the hub
198 loosely, 1. e. without coupling, surrounds the
po:tion of the rod 183 provided behind the head
184.

Due to this reversal the change of the direction
of rotation of the crankshaff has no effect on the
shaft 193.

A gear wheel 204 fixed upon the hub 188 serves
for driving all other auxiliary apparatus includ-
ing the cam shaft. The gear wheel 204, for in-
stance a spur gear wheel, is for a clockwise and
anti-clockwise rotation always rotated in the
same direction.

OTTO NUBLING.
ERICH WIRTHGQEN.
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