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Published June 1, 1943

Serial No. 459,260

ALIEN PROPERTY CUSTODIAN

FLUID CPERATED POWER TRANSMITTER

Wincenty Jastrzebski,

Aix-les-Bains,

France;

vested in the Alien Property Custodian
Application filed Sepiember 22, 1942

Hydraulle change speed gears are already
known wherein the change of gear ratio from a
driving shaft to a driven shaft is obtalned by
increasing or decreasing the quantity of a liquid
forced by a pump operatively connected to one of
said shafts and derived from snother pump op-
eratively connected to the other shaft. With
sueh a structure, when it 1s desired to Increase
the speed of the driven shaft, a larger quantity
of liguid must be displaced from one pump into
the other.

It i3 an object of the present invention fo
provide as an improvement and development of
the aforesaid type of hydraulic change speed gear
a novel fluld operated apparatus utilisable as a
power transmitter either for imparting to a driven
shaft selectively any one of an unllmited num-
ber of different speeds from a driving shaft or
else as a change speed power transmitter permit-
ting the impulse froin a driving shaft to be Im-
parted without any substantlal loss of energy to
a driven sheft with several different gearing ratii
and also a reverse drive to be obtained.

Ancther object of the invention is to provide
a power transmitter utillsable for miscellaneous
purposes whenever the speed of a driven mechani-
cal member requires to be varied and having a
simple structure ensuring an inexpensive opera-
tion because it functlons by controlling a mem-
ber which regulates the eirculation of a ligquid
such as oll filling the transmliter chamber ca-
pacity, said circulation resultlng from the re-
slstance which ehecks the motion of the driven
shaft with respect to the motion to be imparted
thereto by the driving shaft, to each reduction
of the mass of cireulating liguid corresponding
an increase of the driven shaft speed, i. e. a de-
creasc of the ratio hetween the respective speeds
of both shalfts.

Yet another object of the invention is more
specifically to provide an oil operated power
transmitter comprising a pair of revoluble co-
axial elements movable with respect to each other
and so interengaged as to delineate chambers
whose total volume Is constant while their par-
tial volumes vary when one of said elements is
moved wllh respect to the other responsive to
varying resistances, said power transmitter en-
abling a number of different rates of speed to be
imparted to a driven shaft from s driving shaft
revolving at unlform speed.

A further object of the lnvention is to pro-
vide a novel fluid operated power trahsmitter as
aforesaid made up of a smeall number of simple
and rugzged members awarding the entire gtruc-
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ture good operating conditions and proper dur-
ability.

A still further object of the Invention is to
provide a novel fluld operated power transmitter
a5 aforesaid having a better kinetic efficiency
than similar fluid operated appliances devised
heretofore and so constructed as to permit a di-
rect drive transmission without any relative dis-
placement of members and without any Iliguid
{ofl) circulation.

With these and such other obhjects in view as
will Ineidentally appear hereafter, the Invention
eomprises more partieularly the novel construc-
tion, combination and arrangements of parts that
will be now describad in detail with reference to
the accompanying diagrammatic sheets of draw-
ings ex-mplifying several embodiments of the
same and forming a part of the present disclo-
sure.

In the drawings:

Figure 1 is a plan view of the entire power
transmitter, assuming the seml-circular wall to
have been removed for the sake of clearness.

Fipure 2 is a sectional view on the line 2—2
of Fig. 3, assuming one of the shafts to have been
rotated ty 180° with respect to the other shaft.

Trigure 3 is a transverse sectional view on the
line 3—3 of Fig. 2.

Figure 4 is a fragmeniary sectional view on the
line 4—4§ of Flg. 3, assuming the set of movable
partitions to be omitted.

Figures 5 and 6 are respectively an end view
ond a top plan view of a set of movable parti-
tions.

Figure 7 is & longitudinal sectional view on the
jine 7—1 orf Fig. 8 showing & modified construc-
ion of the transmitter.

TFig. 8 is a transverss sectional view on the
line 8—8 of Fig. 7.

Flgures 9 and 10 are respectlvely a top plan
view and an elevational view of the movable
pariition embodied in the modified consgtruetion
shown in Fig. 7.

Fipure 11 is a longitudinal sectional view on the
line t1—i1 of Figs. 12, 13, 14 and 15 of a power
transmitter forming an entire gear box accord-
ing to the invention.

Flgures 12, 13, 14 and 15 are respectively trans-
verse sectional views along lines 12—i2, 13—I3,
18&—i14 and I5—15 of Fig. 11, showing the mem-
bers included in the section planes, those situated
rearwardly in other planes belng omitted.

Figures 16a, 16b and 16¢ are views of the cylin-
drical valve shown respectively in longitudinal
elevatien with a section through the casing, as-
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suming the casing to be omitted and after a ro-
tation of 90° about its axls and in section along
the line 16a—I6a of Fig. 16b.

Figures 17, 18 and 19 are views of the mcvable
partition which is visible in Fig. 15 shown re-
spectively in elevatlonal, end and top plan views.

Figures 20a, 21a, 22a, 23a, 205, 210, 22b and 23b
are transverse sectlonal views of the cylindrical
valve taken respectively along the lines 20a—20a,
2la—2la, 22a—22a, 23a—23a, 206—20b, 215—210,
226—22b and 23b—23b of Fig. 11 in positions
corresponding to the line (2—12 of Fig. 11 for the
sections bearing the reference a and to the line
15—15 of Fig. 11 for the sections bearing the ref-
erence b, sald positions belng occupled after such
displacements as are effected to provide idle run,
first speed, second speed and reverse respectively.

Figure 24 is an explanatory view setting forth
the operation of the power transmitter resulting
from the superposition of the sectlonal views
shown by Figs. 12 and 15.

Filgure 25 is a longitudinal sectional view of &
further constructional modification of a power
transmitter according to the invention.

Figures 26, 27 and 28 are transverse sectional
views respectively taken along lines 26—286, 27—27
and 286—28 of Fig. 25.

Figure 29 i1z a separate view of the cylindrical
valve, its casing being shown In section.

Figures 30, 31 and 32 are views of the movable
partition visible in Flg. 27 taken respectively in
end view, in top plan view and in lower plan view.

Flgures 33a, 34a, 354, 36a, 33b, 34b, 35b, 36b,
37z and 37h are transverse sectional views of the
cylindrical valve taken respectively along the lines
33a—33a, 834a—13da, 35a—36a, 38a—36a, 31c—31a,
336—33b, 34b—34b, 35b—35h, 36L—38p and
3T10—31b of Fig, 25 In the positions corresponding
to 28—28 of said flgure for sections referenced by
¢ and to 27—27 of the same flgure for sections
referenced by b, such positions being those as-
sumed after the displacements effected to obtain
the idle run, the first speed, the second speed, the
third speed and the reverse respectively.

Figure 38 is a diagrammatic lsometric view
showing an essential part of the power transmit-
ter according to the invention.

Figure 39 Is an explanatory diagram facilitat-
ing proper understanding of the power transmit-
ter operation.

As lllustrated, the change speed power trans-
mitter is Interposed between a shaft 2 (Figs. 1, 2
and 38) which may be and will be termed here-
after a driving shaft and a shaft § which may
be and will be termed hereafter a driven shaft.
Sald shaft 5 has a stub extension T which projects
into a chamber 8 defined in a peripherally cylin-
drical casing 9 rigid with the driving shaft 2. The
end surfaces of sald chamber are constituted by
& palr of plates i0, 11 forming the end closures
of the casing 9. The inner surfaces of the plates
10, If have arcuate sinusoidal outlines substan-
tially as shown In Fig. 39 and extend in paral-
lellsm,

A surface having such an arcuate outline is
generated by a stralght line such ag @b extending
at right angles to the axis of the shaft 2 (Fig. 1)
and to which Is imparted lengthwise of sald axis
& sinusoldal motion whose amplitude bears a cer-
tain ratlo with the extreme degree of uneven-
ness of the plate surface.

Between the sinusoldally undulated surfaces
of the plates 189, 11 Is slidably interposed a par-
titlon comprising a single element (2 parallel to
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ments 12a, 12y (Flgs, 1, 5 and 6). S8aid partition
is adapled alternatively to slide between said
undulated plates while providing a fluld-tight seal
between them and also between the casing & and
the driven shaft 5.

The driven shaft § carries a circular disk-
shaped divider 13 having a thickness equal to the
interval (Fig, 38) between planes at right angles
to Its axis and tangent to the crests or uppermost
points of the undulated surfaces of the plates {0,
il. The disk (3 provides fluld tightness along
its lines of contact and splits the chamber 8 into
a palr of compartments. Sald disk 13 has a radial
notch 14 in which 1s snugly recelved the partition
12 which is freely slidable therein parallel to the
axls of the driven shaft § and divides in turn
eaclh compartment into a palr of sub-compart-
ments.

Communication is provided between both faces
15, 16 of the partition 12 by channels 11, 16, 10,
20 in the disk (3. The circulation of the Auid
through sald channels may be throttled and, if
required, fully closed off by operating primary
valve means such as a cock 2i which 15 movably
housed in & central recess 22 paralle]l to the axis
of the driven shaft § and separates the channels
18, 19 from each other.

The operation of the power transmitter will be
clearly understood from Fig. 39. An examina-
tion of this diasgram shows that the sub-compart-
ments §1, 52 defined on opposite sides of the disk
13 and to the right of the partition §2 communi-
cate through a port 83 formed In the right hand
face of sald partition while the sub-compartments
64, 55 also defined on opposite sides of the disk
13 but to the left of the partition 12 similarly
commurnicate with each other through a port §6
formed In the left hand face of sald partition.
The longitudinal ports 83, 58 are intercohnected
by a transverse port 59 whose sectlonal area is
contrelled by secondary valve meahs such as &
cock BI.

Assuming the shaft 2 to rotatably drive the
plates 10, Il In the direction indicated by the
arrow 28, It will be understood that the action
of their undulated surfaces tends to reduce the
volume of the sub-compartments §i, §2 In pro-
portion as their lines of contact 67, §8 with the
disk 13 are moved toward the partition (2. This
reduction of volume is obviously accompanied by
an Increase of pressure of the fluid which fills
sald sub-compartments and which has a tendency
to leak out through the ports 53, 59 and 56 into
the sub-compartments 54, §5 whose volume grad-
ually increases exactly In terms of the extent of
gradual reduction of the volume of the sub-com-
partments 5i, 52,

Assuming all the sub-compartments to be filled
with oil or an equivalent liquid, a circulatory mo-
tion Is Imparted to the oll in the direction shown
by the arrow 24 (Fig. 3) from the sub-compart-
ments situated on one side of the partition 12
to those situated on the opposite side.

If now by means of the cock 81 (Flg. 39) the
port 59 1g fully closed, the flow of oll iz intercepted
therethrough. As a result of this, there is cre-
ated Inside the sub-compartments §i, 52 an oil
overpressure which at once reacts against ihe
partition 12 and sets it into motion. This parti-
tlon is therefore moved and drives with it the
disk i3 at a speed equal to that of the plates
10, 1. Should now the port 58 be only partly
closed by the cock 6l, the oil circulation from
ihe chambers §(, 62 toward the chambers 54, 56
13 merely slowed down, this resulting in a rotary
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sliding motion of the disk 13 with respect to the
plates 10, I1.

In the constructional form shown In Pigs. 1 to
3, the passage of the fluid from the disk channel
{8 to the disk channel 19 is closed off by shifting
the cock 21 in {he direction shown by the arrow
25 (Fig. 2).

In order to permit the rotary motion of the
driven shaft to be further transmitted, said shaft
may be furnished with a pulley or any other suit-
able contrivance of conventional form (not
shown) .

Should the mouth 27 of the disk channel [0 be
fully closed off, the driven shaft & will revolve
ag fast as the driving shaft 2. In such case, di-
rect drive may be obtained by bringing claws 28
splined on the driven shaft § (Fig. 2) into mesh-
ing engagement with the spaces between claws
formed integral with the plate Il rigidly con-
nected to the driving shaft 2.

Where, however, the mouth 27 of the disk chan-
nel 19 is only partly closed, the oil can fow
therethirough slowly on account of the resulting
overpressure against the face (6 of the partition
(2, whereby the latter is moved and drives with
it the shaft § but at a speed lower than that of
the driving shaft 2.

The resultant rotary sliding action is the larger
us the flow of oil is less slowed down. This en-
ables an unlimited number of transmission ratii
to be readily obtained in a most simple way,

In the modified constructional form shown in
Figs. 7 to 10, the driving shaft 2 Is secured to a
pair of semi-eclrcular shell members 31, 31 having
facing surfaces so cut as to form walls between
which is movably arranged a sector-shaped par-
tition 33 to which an oscillatory motion is im-
parted with respect to the central port 34. The
power transmitter assembly thius built up forms
a change speed gear box whose operation is sub-
stantially the same as that of the first construc-
tional form as above described.

There is also sliown in Fig. 7 a reversing gear
adapted to operate owing to the bringlng of a
shiftable pinion 35 into mesh with either of a
pair of dog pinions 26, 37, the pinlon 37 being
rigidly sccured to a bevel pinlon 38 driven by an-
other bevel pinion 3% through an intermediate
bevel pinion 40,

This power transmitter enables the ratio of the
speeds of the iwo shafts which it intercouples to
be changed. However, it does not fully trabsmit
the input power.

In contradistinction to this, a change speed
mear boX embodying the power transmitter ac-
cording to the invention and as shown In Figs. 11
to 24 possesses the speed changing characteristics
as above described and is adapted, moreover, to
fully transmit the input power when the speeds
of the driving and driven shaffs are in inverse
ratio to the capacities of the two chambers con-
neceted to the respective shafts,

The power transmitter shown In Fig, 11 is made
up of a palr of chambers 64, 65 having arcuate
walls and different capacities, mounted for ro-
tatlon on a tubular shaft 86 and having inter-
communicatlon as will be described hereafter.

Tlie smaller chamher §4 is defined by a pair of
shell members 67, 68 having walls so cut as to
present undulated faces between which is ar-
ranged a sector-shaped partition 69 movable par-
allel to the axls of said chamber 64 and to which
is imparted ap oscillatery motion relative to the
chember center. Such partition 69 which en-
sures fluid tightness between the chamber walls
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is housed in a recess nrovided to that effect in a
disk 10 rigidly carried by the tubular shaft 66
angd revolubly housed in the chamber 84,

Inside the larger chamber 66 defilned by the
two shel members T1, 12 are accommodated a
disk 7§ and a partition 106 movably arranged be-
tween walls similar to those of the chamber 64,

Ipside the tubular shaft 86 is housed for longi-
tudinal motion a cylindrical valve 74 which en-
ables the rate of How of the liquid between the
compartments of one and the same chamber or
of a pair of different chambers as well as the di-
rection of circulation of the liquid between the
large chaember compartment to be adjusted.

In order to bring the cylindrical valve 74 to the
different positions corresponding to idle run, low
gear ratio, high gear ratio and reverse run, the
displacement of sald valve T4 is controlled by &
rod 19 fixed by a key 18 to a ring 717 slidably
mounted on the driven shaft T0.

Where the power transmitter is used as a
change speed gear on a vehicle, the sinaller cham-
ber 64 of the transmitter unit js coupled at the
left hand side end with the power or driving shaft
T8 while its larger chamber is coupled at the right
hand side end with the driven shaft 78.

Should the engine of the vehicle be started
while the cylindrical valve 14 is in the position
shown In Fig. 11, the vehicle cannet he set into
motion because inside the chamber 64 which ro-
tates together with the driving shaft 19 the liguid
freely circulates from one face to the other face
of the movable partition 68 through the channel
80 of the cylindrical valve T4 (Fig. 12) and
through channels 64, 82 farmed in the disk 70
which remains stationary.

Assuming now the toothed annular shel 83 of
the hevel clutch B4 to be pushed in the direction
shown by the arrow 8§ throuegh the toothed disk
86 (Fig. 11) keyed to the tubular shaft 66 and
said shaft to be held motionless with respect to
the frame 87 of the apparatus and assuming fur-
thermore the cylindrical valve T4 to be moved in
a direction opposite to that shown by the arrow
886 so a5 progressively to close off direct flow of the
Nguid through the smaller chamber 64, the liguid
circulation will be set up from the smaller cham-
ber 84 toward the larger chamber 65 through the
side channels 88, 89 (Fig. 15) in the valve 714,
The path followed by the liquid will be therefore
as follows: Channel 6( in disk T0 (Fig. 24), side
channel 88 in valve T4, channel 90 in disk 78 (Pig.
15), chamber 68, channel 81 in disk 13, channel
89 in valve T4, and channel 82 in disk T6.

Owing to the reactive stress exerted by the
liquld against the walls of the chamber 85 whose
casing 1s mounted upon the driven shaft 78, the
vehicle will be started and will take up a speed
which will increase at the same time as the ratc
of flow hetween the chambers 64 and 63, 1. e, at
the same time as the rclative speeds between
larger chamher 5 and smaller chamber 64.

Should the cylindrical valve T4 be so moved
as to cause the port 92 (Flg. 11) to replace the
port 88 and to establish communication with the
channels 61, 82 in the dlsk 18, direct communica-
tion of the liquid thrcugh the smaller chamber
64 wlll be cut off. The full quantity of liquid
will flow through the larger chamber 6% owing tn
the provision of the side channels 88, 88 and win
impart thereto a motlon whose speed will be in
inverse ratio of the relatlve capacities of both
chambers 84, §5.

It will be noticed that owing to the larger radius
and the larger pressure surface In the larger
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chamber 69, the energy is transmitted without
any substantial loss. .

In order to further increase the speed of the
chamber 65, the driven shaft T8 may be freed
by shifting the bevel gear in a direction reverse
of that of the arrow 85 and the cylindrical valve
14 may be further moved in the same direction.
‘When the side ports 93, 94 are no longer opposite
1he respactive ports of the channels 90, 81 (Figs.
15 and 22) in the disk 18, the liquid flow is cut
off Intermediate the chambers 84, 85.

After the lquid flow has thus heen cut off,
both chambers 84, 85 and the tubular shaft 66
revolve at the same speed. By moving the clutch
gear 83 In a direction reverse to that shown by
the arrow 8%, a direct drive is secured since ow-
ing to the intermeshing of the gears 85, 98 the
toothed wheels 81, 98 respectively connected to
the driving shaft 79 and the driven shaft T9 are

coupled up. At that moment, the liquid pres- ¢

sute inside the chambers 15 equal to Zero.

In order to obtaln a reverse drive, the c¢ylin-
drical valve T4 must be moved in the direction
shown by the arrow 85 until the ports 88, 100
assume (as viewed In Fig. 11) the position of the
channel 98. The clutch 83 should be moved in
the same directlon to connect up the tubular
shaft 66 of the frame 871.

‘When the port 99 coincldes with the channel

81 in the disk 10, the liquid flows through the :

slanting channel 10f toward the side channel
89 formed In the opposite face of the cylindrical
valve T4, Conversely the channel 101 is set into
communication with the other side channel 88
through the other slanting channel 102, The di-
rection of the liquid flow through the chamber
85 Is therefore reverse to its previous direction
of flow. This change of flow directicn Invelves
a change in the directlon of revolution of the
chamber 85 with respect to its previous direction
of revolution. The reverse drive of the vehicle
fitted with such a power transmitter is thus ob-
tained.

Assuming the cylindrical valve 14 to occupy
the position shown in Fig. 11 (idle run position)
and sald valve to be brought to the position cor-
responding for example to the lower gear ratlo
and assumning, moreover, the driving shaft T9
to revolve in the direction shown by the arrow
103 (Fig. 24) the smaller chamber 64 will ro-
tate In the same direction. As pressure prevails
in the channels 81, 88, 80, the larger chamber
is driven in the same direction.

Should now the cylindrical valve T4 be so
moved as to bring the ports 89, 180 to the loca-
tions occupied by those of the channel 88, the
pressure will prevall in the channels 81, 89, 81
and the larger chamber will revolve in the direc-
tion Indicated by the arrow 104.

It will be seen that the twin chamber change
gear power transmifter as above described en-
ables an unlimilted number of gearing ratii to be
obtained during which the powers of the driving
and driven shafts are proportional to the speeds
of sald shafts. Moreover, sald transmitter per-
mits two gearing ratil, 1. e. two rates of speed
to be secured, namely a direct drive, and a drive
which is inversely proportional to the capacity
of the two chambers.

The constructional modification shown In Figs.
25 to 37 Is based on the same operational princi-
ple and is adapted to fully transmit the power
received for three set rates of speed and to ob-
tain an uniimited number of gearing ratil but
with a decrease in the power.
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In this constructional modification of the pow-
er transmitter there are provided a smaller
chamber 120 and a larger double chamber 121.
The capacity of said larger chamber is split Into
a palr of compartments by a partition 122 held
stationary by securing means such as dowel pins
123.

In the compartment (24 are revolubly arranged
a disk 125 and its movable partition 126 while
in the other compariment (27 are revolubly ar-
ranged a disk 128 and its movable partition [29.
‘These two disks are rigldly connected to a tubu-
lar shaft 130 in which 1s movably housed a cylin-
drical valve I31. As shown In Fig. 29, said valve
comprises & sleeve 13| surrounding a core (33
having a port (34 for Idle running conditions and
more or less elongated grooves providing direct
or reverse communication between the compart-
ment 135 in the smaller chamber 120 and the
compartments 124, 127 In the larger chamber
i2i. The channels 138, (37 facing the larger
chamber have a particularly elongated shape as
well as those 138, 139 in front of which are the
ends of the channels 140, (41 In the disk 142
which drives the movable partition 14T,

The channels 143, 144 estabiish communica-
tion between the compartments deflned In the
smaller and larger chambers as shown In each
barticular instance by the detailed Flgures 33a,
330 to 37a and 37h.

A power transmitter thus constructed i1s also
provided with a conical toothed wheel 145 whose
axial displacement provides or fails to provide a
connection between the chambers 128, 121 and
the toothed annular wheel 148 secured to the
shaft 130.

When shifting the ecylindrical valve (31 to
match requirements, a flow of lquid is estab-
lished between the smaller chamber 128 and the
two compartments 124, {27 of the larger cham-
ber 121 or else such flow 18 reduced to the flow
between the smaller chamber 120 and one com-
partment of the larger chamber (2f. The parti-
tioning of the larger chamber into a palr of com-
partments permits three gear ratil to be obtained
and a full transmission of the input power to be
secured. Such gear ratil are as follows: Firstly,
a direct drive. Secondly, a gear ratlo which is In
Inverse terms of the capacity of the chambers
120, {21. Thirdly, a gear ratio which is in in-
verse terms of the capacity of the smaller cham-
ber 120 with respect to that of one of the com-
partments in the larger chamber 121,

The operation of this power transmitter 15 sub-
stantially the same as the one of the transmitter
shown In Figs. 11 to 24 with the exception that
during operation with the upper gear ratio the
extreme compartment (27 of the larger chamber
121 does not operate,

It will be understood that In order to obtain
the upper gear ratlo, the cylindrical valve 131
must be so shifted as to bring the line 38qg—38a
of Fig. 25 to the location of the line 33z—33a.
The end 132 of sald valve then entirely projects
from the port of the channels 132, 153 in the
outermost disk 128 of the larger chamber 121 and
does away with any communication between the
smaller chamber 120 and the compartment 127
1n sald larger chamber.

Such a motion Iimparted to the cylindrical
valve 131 provides a direct communication be-
tween both faces of the movable partition 129
defining the compartment 27 so that the liquid
thereln flows without producilng any effect as
in the smaller chamber 12¢ during idle run,
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Therefore the capacity of the larger chamber (g) an unlimited number of transmission ratil
121 is reduced as it were by compsarison with between a driving shaft and a driven shaft;
the capacliy of the smaller chamber {20, The (b) three different rates of speed or transmis-
speed of the driven shaft is comsequently en- sion ratil without any reduction of power;
hanced. 5 (¢) a selective reverse In the direction of ro-
It will be seen that a power transmitter as tation,
above described enables the several objects of the WINCENTY JASTRZEBSKI.

Invention to be fulfilled and particularly the fol-
lowing results to be obtalned, namely:



