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Johannes Krudewlg, Goppingen, Germany;
vested in the Alien Property Custodian

Application filed Augnst 12, 1940

The usual liquid gearings operating according
to the displacement principle consist of a primary
rart (liquid pump) and a secondary part (liquid
motor) which both can be regulated by the re-
adjustment -of eertain members, for instance by
eccentric shifting of the outer casing of an en-
closed device. The readjustment of the respec-
flve members for the purpose of reguwating the
number of revolutions, as well as for exerting an
Influence upon the output or upon the turning
moment can be effected either directly manually
or indirectly with the ald of servo motors. The
readjustment can, furthermore, be effected per-
fectly freely or in dependency of a service mag-
nitude of the driving motor of the gearing or of
the machine to be driven.

For solving the various problems connected
with the regulation mentloned control gearings
have been deslgned by means of which either the
primary part and the secondary pari are ac-
tuated by separate readjusting members or both
sald parts are regulated by a readjusting mem-
ber common to them,

In very many cases in which liquid driving

gears are used it has been found to be advan- :

tageous to drive them on the ohe hand with as
low oll pressure as possible and on the other hand
with as uniform efficlency as possible. With thls
manner of operation in view a control gearing
operating with a common readjusting member for
the liquid pump and for the llquid motor has
already been suggested, this control gearing op-
eratlng In such a manner that the volume of
liquid which the pump delivers at the greatest
sbsorption capaclty of the motor is Increased
from Zero, and the absorption capaclty of the
same is decreased only after the full pump out-
put has been attained. This control gearing, as-
sumed that it answers the purpose In view, pre-
sents, it is true, the advantage that the drive
always starts with the greatest turning moment
possible, but it presents nevertheless also two
essential drawbacks as dealt with hereinafter,

In order to prevent the path of the operating
member from becoming too long, 1t is necessary
to resien such delicate regulation as otherwise
customary with liquid driving gears. To stop the
secondary part of the gearing, that is to say,
to stop the driven machine, it is, first of all, nec-
essary to regulate the absorbtion capacity of the
liquid motor to its maximum, and only then the
cutput of the pump is reduced whereby, as a
matter of course, the stopping of the machine
takes place correspondingly slowly which cannot
be consented to in many cases.
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The present Inventlon alms at driving the ma-
chine to be driven with the greatest possible or
avallable turning moment, but rendering it nev-
ertheless possible to stop it very quickly without
giving rise to faulty connections, The invention
starts from the principle known with control
gears having a common readjusting member for
the liquid pump and the liguid motor to increase
the output of the pump from zero at the greatest
absorption capacity of the liguid motor, and to de-
crease the absorption capaclity of the same only
after the full output of the pump has been at-
tained. The Increase of the pump output from
the 2ero output need not, of course, be continued
until the full output has actually been reached,
but need be driven only to & certain most favour-
ahle value, In that it is often times suited to the
purpose in view to make use of the capacity of
the pump at first only partly and to Increase the
cutput thereafter according to the Increase of
the number of revolutions.

The invention conalsts therein that the primary
part and the secondary part are simultaneously
readjusted back to thelr starting position when
the gearing ls stopped. Another characteristic
feature of the Invention Is that, likewise for the
purpose In view, a connection is established with-
in the gearing members effecting the readjust-
ment, said connection containing a yleldable
member or an equlvalent member capable of
equalising the generally unequal readjustment
of the pump and the motor. There Ix attained
by this conirivance the further advantage that
the regulation of the liguld motor can be ren-
dered as delicate as desired,

The Invention is illustrated diagrammatically
and by way of example on the accompanying
drawings on which Figure 1 is a horizontal sec-
tion through the entire arrangement and com-
bination of parts constituting my Invention. Fig-
ures la, 1b, lc and 1d show certain detalls more
fully referred to hereinafter, Figure 2 is an illus-
tration especially of the piping with its acces-
sories, and Figure 3 is a wiring dlagram, likewise
with itz accessories.

On the drawings, | (Fig. 1) denotes the read-
justable part of the liquid pump, and 2 denotes
the readjustable part of a lquid reversing gear
not shown on the drawings pertaining to the
present application but being shown and de-
scribed In the USA Patent No. 2,040,092, dated
July 28, 1936, which relates to a rotary piston
engine, especially for fivid gesrs. The readjust-
able part of the pump is provided with a threaded
tubular branch 4 engaged by a threaded spindle 3



2 . .
turnable by manually movable lever 5. 'This lever
is afixed to an annular member 17 connected by
feather and groove with a shaft 3' forming an
extension of the threaded spindle 3. The ocutput
of the pump from Zero to the maximum can be
regulated by furning the shaft 3’ in the one or
the other direction of the reversing gear accord-
ing to the direction in which the readjustment 1is
effected.

The readjustable part 2 of the motor is provided
with a bolt 19 bearing a rotatory roll 21 on &
transverse gxle 20.. ‘This rol] engages @ guide glot
22 provided in thedrum T which is Armly keyed
to the shaft 8 to which, besides, 1s firmly secured
an gnnular member 18 provided with a hand lever
8. The shaft 6 is supported in the statlonary
frame of the device in which alss anothar parts
are supported.

The shape of the guide slot 22 appears from
Fie. 12 which shows a development of the drum
1. The roll 21 is shown in its normal position in
said slot, this belng the positionm in which the
motor has its greatest absorptlon capaeity, the
lever 5 being locked in this position of the roll by
means of certain members separstely provided for
that purpose, and the locking being maintained
a5 long as the pump remains adjusted for zero
output or for running idle. Said locking mem-
ber is constituted by a drum (2 gecured to the
shaft 8’ and provided with a conirol groove 30,
the shape of which appearg from Pig. 1b that
shows a development of said drum 12. The con-
trol groove 30 is engaged by one ond of a double-
armed lever {3 supported on a pivet 28. The
other end of this lever 3 coupled with & bolt 28
guided in a sleeve 18 and belng surrounded with
two helicel compression springs 29 and 29’ hold-
ing said lever in its middle position. A trans-
verse pin 2T of the bolt 28 bears & guide roll 24
engaging a guide slot 23 provided in the annular
member (8. The shape of the slot 93 appears
from Flg. 1c in which is shown s development of
the member I8. The roll 24 id here shown in its
loeking position.

The hand lever § 1a locked in lts readjusted po-
sition in a certaln particular manner hereinafter
dealt with by means of a bolt 14 cooperating with
a cam groove provided in the annular member
1T, ‘The proflle of this groove appears from
Fig. 15 which shows & development of sald mem-
ber 1T. This latter is furthermore provided with
clutch claws 10 engaging similar claws Il of a
counter clutch member 8 when this member is
axially shifted. It i3 designed as a sliding cou-
pling and supports a cog~wheel 18 whieh meshes
with a cog-wheel 16 keyed to the shaft 8.

The manner of operation of the above-described
device 1s as follows: In the position shown in
Fig. 1 the device is in its no-load pesition In
which the pump is adjusted to Zero outbut ang
the motor to Its greatesi absorption capacity,
whereas any readjustment iz prevented by the
locking members 13, 23 and 24. If now the hand
lever § is moved by tuming the shaft 3’ so as to
adjust the pump for a sufficiently large output,
say for Instance, the largest possible output, the
locking having been effeeted up to then by the
members 23 and 24, is broken across the lever 18
and the membaers 21 and 20 owing to the suit-
able shape of the guide slot 38, in such & manner,
that at & certain distinet position of the hand
lever 5 (for instence for running forwsard) this
lever can be turned only in the appropriate one
¢irestion, whereas turning in the other direction
cannot take place. When the lever ia released for
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the other direction (for instance for rearward
running) the former direction will be blocked.
Simultaneously therewith the annular member 14
and, thus, also the hand lever 5 are locked by
the bolt t4 in such a manner that this lever can
be further moved either not at all or can be fur-
ther moved only in the same direction. Now the
absorption capacity of the motor is changed with
the aid of the lever 8 across the shaft 8 and the
cam drum 7, it being at the same time rendered
possible 1o inerease the output of the pump. The
cam drum 7 has symmetrical shape so that the
liquid motor can be readjusted for both directions
of turning of the lever 8 from its position for
greatest absorption capacity in the same direc-
tion, In order to stop the gearing the annular
member 1T ia shifted together with the lever I5,
and the clutch 10, (| is thrown into gear and
simultaneously therewith the bolt 14 which locks
only In one direction of motion of the lever 5 he-
comes jnactive. The lever § can now he moved
back into its former position, whereby the out-
put of the pump will be reduced and simultane-
ously therewith the liquid moter will be brought
to its greatest absorption capacity across the coe-
wheels 15 and 186.

The ratio of transmission Is preferably so
chosen that the longest operating path of ‘the
motor corresponds with the operating path of the
pump. In order to prevent the motor from belng
agaln readjusted to a smaller absorption eapacity
by an erroneous connection after the pump has
only partly been readjusted to its former output,
without adjusting simultanecusly therewith for
a larger output, the bolt 14 prevents the disen-
gagement of the clutch 0, t{ until the lever §
has arrived in its zero pesition and the bolt 14
engages the cam groove or is iocked. In the first
case the bolt 14 must be released aither prier to
the regtarting of the gearing or simultateously
therewlith.

In Fig. 2 is illustrated a hydraulie control de-
vice designed according to this invention. The
control piston valve 120 readjusts the pump { and
the control piston valve 12] readjusts the liguid
motor 2. The direction of the readjustment of
the pump 1 is determined by the piston valves 122
and 123, and the direction of the readjustment
of the motor 1s determined by the piston valves
124 and 125; the plston valves can be moved into
the position necessary at the time being by means
of the hand levers 126 and (27, whereby the ad-
mission of the liquid under pressure deltvered by
an auxiliary pump 128 to the slide valves 128 and
12t can be regulated. The Nquid under pressure
passes through an overcharge valve 128 and
through pipes 130 ard 13! direstly to the piston
valves (22 and 123, or 124 and 125 respectively,
but it flows throuzh the pipe 132 only after the
readjusting piston valve 120 for the pump hag
been shifted from 1its middie posttion. The
auxiliary slide valve 133 serves solely for equsl-
ising the pressure within the control gearing,
which operates as follows:

In the no-load position of the gearing, that is
to say, at Zero output of the pump, the vontrol
piston valves 122, 123 and 124, 125 are in the pasi-
tion shown in Fig. 2. The liquid undar pressyre
withdrawn from the receptacie B by the auxiiary
pump 128 acts upon both sides of the piston 128
through the pipe 130 as well as through the pipes
i34 and 135. The piston 120 s maintained in, its
middle position by two helical compression springs
balancing one another, and by the spring-actu-
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ated bolt 136 which ehgages a récess (36’ of the
piston rod 120.

The Uquid pressure presses, furthermore,
through the pipes 131 and {32 upon the front
surface of the piston valve, in such a manner,
that when this valve is in the position shown in
Fig. 2, the liquid motor has its greatest absorp-
tion cabaeity. The excess of the liquld under
pressure escapes into the receptacle B through
the overcharge valve [29.

The piston valves 124, 125 cannot be readjusted
by hand, if the pressure exerted upon the front
surface of the piston 126 is sufficiently high, as
the oppositely located surface of the piston 124
is cannected with the receptacle B of the auxiliary
pump.

In order to start the gearing for running in the
one ot the other direction the piston valves 122,
123 are readjusted forwardly or rearwardly by
means of the hand lever 126 so that elther the
pipe 134 or the pipe 136 is closed and the pipe
189 or 146 respectively is gpened. But then the
pressure of the liguid acts only on the one face
of the piston 120 which is now shifted, together
with the readjustable part | and counter to the
action of the springs 148, 147. The locking bolt
138 is elther separately withdrawn or simultane-
ously with the described other operation by means
of the lever 136, or it is automatically released
with the aid of the piston 120, In this way the
readjustable part | of the pump can be regulated
up to & certain intended position, preferably with
the ald of stationary abutment members, that
position correspohding with the largest gutput.

In order to render it possible to drive the gear- .

ing also with any desired small outputs, the pis-
ton valves 122, 123 can be so designed that the
piston 122 closes in one position the pipe 134,
as well as the pipe 136 and the piston 123 closes
in one position the pipe 123, &s well as the pipes
180 and 186, After the piston (20 has covered &
certain intended readjusting path, may be, for
instance, the entire readjusting path, it opens the
pipe 132’ and connects thereby the upber face of
the piston 124 with the pressure pipe ¢30. Under
the same circumstances it ls suited to the ohject
in view to provide two pipes 182" in order to ren-
der It possible to adjust the piston paths inde-
pendently from one another in both directions
to which they are being opened. The pressure qf
the liquld-upon the piston valves 124 and 126 is
now equalised 50 that these valves can be moved
forwardly by actuating the lever 121 manually
and the pipes 136 and 41 are closed and the
plpes 181 and 142 opened. Owing hereto, the
front face of the piston valve 121 is relleved from
the pressure and the rear face thereof subjected
to the pressure so that the valve 121 is moved
forwardly and the liquld motor is readjusted to
a smeller absorption capacity. When the in-
tended number of revolutions has been attalned,
the hand lever is actuated so as to move the pis-
ton valves into their middle position in which
they shut the four pipes 131, §36, 141 and (42
whereby the piston valve 120 will be locked. The
locking of this piston can, however, be dispensed
with if, with the purpose of choosing already,
preliminarily the highest number of revolution,
abutment members for the readjustment of the
liquid motor are provided, these members being
then adjusted with respect to the intended high-
est number of revolutions. The pipes 143, 144
and 145 serve for discharging the pressureless
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moved, into the oil receptacle B or into the suc-
tlon space of the auxiliary pump. .
In order to stop the gearing the biston valves
122 and 123 are moved into thelr middle position
by means of the lever 126 so that the liquld pres-
gure exerted upon hoth faces of the plston 120 is
of equal height and this piston is then moved
back into its middle position by the springs {48
and (41, In this position the piston 120 shuts
the pipe 132°, whereas the piston 133 opens the
pipe (4% The rear face of the piston valve 128
is, thus, not subjected to pressure and the two
piston valves 124 and 126 are, therefore, moved
into their end-positions by means of the liquid
under pressure arriving through the pipe 111
whereby the pipes 130 and 13T will be connected
with one another and the pipe {37 will be shut.
The piston 121 readjusts, therefore, the liquid
motor to its greatest absorption capacity where-
by the initial position Is re-established. ’
Flgure 3 shows an electric control device de-
signed according to this invention. The read-
justment of the part 1 of the pump and of the
part 2 of the motor is effected, for instance, by
an electromotor 250 or 261 respectively; driving a
worm-gear 252, or 253 respectively, and mioving
thereby a nut 264, or 285 respectively, connected
with the pump part and the motor part, whereby
the eccentricity of these parts is changed: On
sald spindles 254 and 255 are cams or equivalent
members 258, 259 which serve for operating
switches 260, 261, 262, 263, 264, and 265 coop-
erating with push buttons 266; 267, 266, 269, and
270, whereby two reversing relays 271 . and 272
for the motors 250, 251 as well as auxiliary relays
273 and 214 are to be controlled. The manner
of operation of this control device is as follows:
In the initial posltion of the members, as
shown, the output of the pump Is zero and the
motor has its greatest absorption capacity. All
relay colls are currentless, To throw the gearing
Into gear elther the push button 266 or the push
button 266 18 depressed according to the direction
of rotation desired whereby either the coll ali
of the relay 21ia or the coll bT! of the relay 2TId
acts upon the appertalning core, or armature.
The operating procedures are equal for both di-
rections of rotation. It wlll, therefore, suffice to
describe In detail the operating procedures taking
place with one direction of rotation. When the
push button 266 is depressed the coil 71 is sup-
plled with current across the switches 200 and
263 and across the auxiliary relay 274 whereby
the reversing relay 2Tla will be actuated so that
the motor drives the pump. At the same time a
cam disk 266 has been turned by the rotating
readjusting spindle 254 whereby the switch 262
will be switches off by means of the bridge 2715.
The liquid motor is now in that position in which
its absorption capacity is greatest. It cannot at
the time being be readjusted in that the coll b12
of the reversing relay 272b remalns currentless
even if the push button 210 is depressed, as the
appertaining circult is broken at the switches
261 and 266. Only when the pump has attained
ity largest output and the reversing relay 2lia
and, thus, also the electromotor 250 have been
disconnected, or switched off respectively, by
means of the switch 260, the circult for the coll
bT2 can again be closed across the switches 265
and 260 hy depressing the push button 210 and
actuating the auxiliary relay 274,
Tt 1s, of course, possible to separate the two con-
tacts of the switch 260 from one another in order
to render It possible to operate the switching-on
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comtaet for the circuit of the coil 512 over a
shorter readjusting path of the pump part than
over the switching-off contact for the eircudt of
the coil a71. The toil b12 actustes the reversing
relay 212 whereby the motor 254 is switches on
and the liguid motor §s readjusted during that
period of time in which the push-bution is kept
depressed, or until the terminal switch 2856 has
been switched off by the cam disk 239 rotated to-
gether with the readjusting sphwile 255, the cir-
cuit for the reversing relay is now interrupted.
In the meaniime the switch 264 has been switched
on and now is it possible to effect an adjustment
for wny desited nurnber of revolutions by operat-
ing the push button 269, or 218 respectively.

To stop the gearing the push-button 267 is
depressed whereby first the coil £13 of the anxii-
laTy relay 278 sp that the relay 218 is operated.
This Mmtter closed now the clrcuit for the coll
14 which actuaies the auxiinry relay 274 where-
by the eircuit for the coil ¢T3 13 broken aeross
the auxillary relay 274. Simultaneously there-
with the col) b1 and with it the reversing reiay
271b are switthed on across the relay €13 and
the switches 282 and 251, so that the coil ¢T3
remalns switched on across this relay. Owing to
the actuation of the reversing relay {Tib the
electromotor 160 runs in & directlon reverse to
that which exisied when the gearing was switched
on It regulates the pump to zero cutput scross
the readjusting spindle. In the zero positiom the
clreult for the coll bl is Interrupted by the
switch 262. In the meantime and simultaneously
therewith the zircuit for the ooll 812 has been
rviosed across ihe switch 283 and the relmy 213
for actuating the auxiliary relay 274, By nctuat-
ing the reversing relay 212a the electromotor 251
readiusts the ldquid motor to s greatest absorp-
tlon capacity uniil the cirenit for the c¢oil 212
iz being broken by means of the switch 264
with the aid of the cam disk 268. In onder to
render possible that the liquid moter can be reg-
ulated as delicately as the invention aims at, a
eircult for the coll V4 is lend across the switch
234 whereby the relay 278 Temains In eperated
state unitll the greatest absorption capapiiy of
the Aiquid motor has been attained.

In trder to prevent faulty connections the
switchex 262 and 2638 are sp designed that, after
the paanp has been switched on in the one di-
rection, the readjustment in the other direction
tan be effected by depressing the push button
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281, In order to secure the zero position of the
pumnp there can be provided, by way of addition,
a rest that is to be actumied by s magnet.

On the preceding pages a mechanical, a hy-
draulic and an electrie control device for liguid
variabie speed gears ahle to run in both direc-
tiuns have been described in order {p present
examples for applications of this invention. It
is a matter of course that the control deyices
designed according to the Invention can be ma-
terially simplified if the gearing need run only
in one direction as in such a case all control
members requisite for the other direetion can
be dispensed with and besides the reciprocal
locking of the conirel members can become sim-
pler. A particular case of employlng the In-
ventlon exists if the regulation of the liquid gear-
ing is effected by remote control, for one direc-
tion only. In order te render it possible to turn
the working machine to be driven also in the
other direction, an additional manually operable
readjusting device can be provided, formed for
instance {n a particularly simple manner by a
hand wheel adapted to be coupled with the shaft
of the oontral motor of the pump and to be nor-
melly actuated after a statianary sbutment mem-
ber determining the sero postion of the pump
has been disengaged. It is In this case sulted
to the purpose intended to provide a sliding
clutch between the control motor and the read-
justing spindle in order {o render it possible to
readijust the pump with the aid of the electro-
motor until it contacts with the abutment mem-
ber and to disconnect the control motor only
thereafter. ,

In the examples in question the primary and
the secondary part are regulated by separate re-
adiusting members. The fundamental principle
of the invention to readiust white the gearing
is thrown inio engagement first solely the pri-
mary part at the greatest absorptlon capacity of
the secondary part and to regulate this part only
thereafter, whereas on disengaging the gearing
sald parts are resdjusted in common, but I wish
it to be understood that the tvention van be
used alsg in connection with so-called one-lever
cantrol devices althongh in such s case the ad-
vantage to obtain a sufficlent deltcacy of the
regulation in the case of only short switching-
on and switching-off paths must be given up in

a certaln degree.
JOHANNES KRUDEWTG.



