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12 Ciaims.
1

This ianvention relates to hydraulic power
transmitting mechanisms and particularly to
such -devices that may be in the form of either
a. ciutch or a brake for connecting and discon-
necting relatively rotatable parts,

It is well reccognized that hydraulic power
transmitting mechanisms of the aforesaid char-
acter may take either the form of a-clutch or the
form of a brake, and in either of such forms, the
mechanism may be operated to connect or dis-
connect a pair of relatively rotatable parts or
members. In either of the forms that may thus
be assumed by hydraulic power ‘transmitting
mechanisms of the character to-which this inven.
tion relates, the two members that are to be con-
nected or disconnected are -arranged to have a
reversible liquid or-hydraulic pump interposed
therebetween so that the pumping elements of
the mechanism are operated by and in proportion
to the relative rotative movement of the two con-
nected parts, When the parts or relatively ro-
tatable members that are thus associated are to
be freely rotatable one with respect to the other,
the passages of the pump are in effect left open
or unrsstricted so that hydraulic liguid from a
reservoir may be freely pumped through the
pump and back into the reservoir. Such flow or
pumping of hydraulic liquid through the pump
may in such mechanisms be governed by valve
means that are effective to cut off or variably
restrict the high pressure or discharge side of
the pump, and when the valve means are fully
closed, a licguid lock is established in the pump
so that the pump parts cannot move relative to
‘each other, and hence the two connected mem-
bers or shafts are held against relative rotation.
Where the mechanism assumes the form of a
clufch, such establishment of a liquid lock within
the pump results in a one to one driving relation-
ship between the two shafts, while in an instance
where the mechanism takes the form of a brake,
the rotatable member is locked to a stationary
member, thereby to effect a braking or stopping
action-upon-the rotatable shaft.

In hydraulic power transmitting mechanisms
of :the aforesaid character, the maintenance of
the desired connection hetween the tweo relatively
rotatable members is dependent upon the preser-
vation of a completely filled relationship within
the pump, and yet the clearances that are neces-
sary between the relatively movable parts of -such
a pump always tend toward the production of
leakage which will tend to cause relative move-
ment of the connected members. It is therefore
an important object of the present invention to

(CL 192--61)

10

20

25

30

35

40

50

2

minimize such leakage While allowing ample
clearances for the parts of the pump when power
is not being tranhsmitted by the mechanism, and
related objects are to afford pressure aperated
sealing means responsive to a power transmitting
condition in the mechanism fo effect a sealing
action in respect to the relatively movable paits
of the pump, and to enable such sealing means
to be readily released when the power transmlt-
ting condition is-discontinued,

In power transmitting meéechanisms 6f the kind
to which this inventicn relates, the direction of
pumping operation of the pump ‘thereof is of
course dependent upon the relative direction in
which the driving forces are applied thereto, and
while suth power transmitting mechanisms are
usuaily -intended to ftransmit power in but one
direction, practical considerations render it nee-
essary that similar control and similar power
transmitting characteristics be incorporated in
stich mechaunisms for both directions of operation
or power fransmission, and to enable this to be
accomplished in a simple and advantageous man-
ner is another important object of this invention.
An ebject felafed to the foregoing is to similarly
control the hydraulic circuit in such a mecha-
nism on both sides of the pump, and to .do this
in such a manner that make-up liquid will be
available in the event of pump leakage so as to
insure maintenance of the desired liquid lock in
the pump. More specifically it is an object to

enable the pump in such a mechanism to be con-
trolled by main valves that are operated in uni-
son and which embody check valves that are
effective to block discharge from the high pres-
sure side of the pump while allowing entrance of
low pressure make-up liquid into the lower pres-
sure side.of the pump.

Other and further objects of the present in-
vention will be apparent from the following ‘de-
sceription and -claims and are illustrated in the
accompanying drawings which, by way of illus-
tration, show a preferred embodiment and the
principle thereof and what I now consider to be
the best mode:in which I have contemplated ap-
plying that principle, Other embodiments of the
invention ‘embodying the same or equivalent
principle may be used and structural changes
may be made as desired by those skilled in the
art without departing from the present invention

- and the -purview of the appended claims.

656

In‘the drawings,
Fig. 1is a side elevational view, taken partially
in longitudinal cross section along the line I—1{




: 3
of Fig. 2, and illustrating a clutch embodying the
features of the invention; )

Fig. 2 is a sectional view taken substantially
along the line 2—2 of Fig. 1;

Fig. 3 is a sectional view taken substantially
along the line 3—3 of Fig, 2;

Pig. 4 is a fragmental sectional view showing
one of the control valves in a different position;

Fig. 5 is an enlarged sectional view showing a
pressure control check valve; and

Fig, 6 is a fragmental sectional view showing
the form of the side sealing plates.

For purposes of disclosure the present inven-
‘tion is herein illustrated as embodied in a clutch
16 that serves as a connection between a driving
shaft {1 and a driven shaft 12 that are in the
present instance aligned one with the other. As
will be evident in Fig. 1 of the drawings, the
cluteh 18 is mounted in part on each of the two
shafts {1 and i2, and the clutch 1D includes a
housing 13 within which pumping means and a
reservoir are enclosed so as to afford a hydraulic
pump that is driven by and in proportion to rela-
tive rotation of the two shafts 1f and 12, and
valve means that are settable by an. operating le-
ver 14 are included in the housing 13 so that the
pumping action of the pump may be controlled
50 as to thereby vary the power transmitting ac-
tion between the shafts (I and 2. :

In the present embodiment of the invention,
the pumping means are in the nature of a plane-

tary gearing mechanism, one element of which.

is driven by the shaft {1 and the other of which
is. connected to the shaft 12 in a power trans-
mitting relationship, and in such planetary gear-
ing, the housing (3 serves as the planet carrier.
Thus the housing 3 comprises a pair of disc-like
side plates 13A and (3B that are arranged on op-
posite sides of a relatively thick and generally
cylindrical central member 13C, and the three
elements of the housing that are thus afforded
are held together by tie bolts 15 and nuts I5B
that are extended through the side plates 13A and
13B and through the intermediate central mem-
her 13C adjacent to the outer edges of these mem-
bers. - The outer peripheral surface of each of
the members of the housing 13 is provided with a
plurality of heat dissipating fins or ribs 15 that
are annular in form and are disposed in spaced
relation to each other as will be evident in Figs. 1
and 3. The side plate {8A of the housing has a
mounting hub 1T that snugly surrounds the ad-
Jacent end of the shaft 12A and is keyed thereto
as at 18, and it will be observed that the hub {7
is so located on the shaft 12 that the end [2A
of the shaft is spaced from what may be termed
inner face of the side plate 13A. The shaft {4
extends entirely through a hub {9 that is pro-
vided on the side plate I18B of the housing, and
extends into the hub 17 of the side plate I13A so
that the end (1A of the shaft 11 is disposed as
shown in Fig. 1 of the drawings, and the housing
13 is rotatably related to the shaft {1 by a pair
of anti-friction bearings 29 and 2{ that are en-
gaged with the shaft 11 at spaced points there-
along. The hub {9 has g sealing gland {9A there-
in to prevent liquid leakage along the shafl ¢
while permitting relative rotation of the hub and
shaft. The bearing 2§ has its outer race 20A set
in g rabbetted groove formed in the side plate 3B
s0 as to extend to the left in Fig. 1 from the inner
face of the plate 13B, while the inner race 20B is
secured in an embracing relationship about the
shaft fi. Similarly, the outer race 2lA of the
bearing 21 is- set- in a rakbetted groove at 22
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4
formed in the inner face of the side plate 13A,
while the inner race 2B of the bearing 21 is en-
gaged with the shaft 1 adjacent to the end (1A
thereof,

Between the two bearings 28 and 21, the shaft
f1 has a gear 25 fixed thereon by a key 26, and
this gear 25 serves as the sun element of the
planetary gear pump. The planet elements of the
gear pump are in the present case provided by a
pair of small gears or pinions 28 that are rotat-
ably mounted in the housing on opposite sides
of the gear 25 so as to be meshed with the gear
28, The precise construction and mounting of
the two gears 28 is substantially similar, and
therefore the details in this respect are illus-
trated only as to the upper one of the two gears
or pinions.28. Thus as will e evident in Figs. 1
and 2 of the drawings, each pinion 28 is rotat-
ably supported on a non-rotatable shaft 38 so
that the ends of the shaft extend beyond the
opposite sides of the pinion, and these extending
ends of the shaft 38 are seated in the oprosite
side plates 13A and 13B and the shaft 88 is keyed
against rotation by means such as a key  3CA.
The pinion 28 is rotatably supported on the shaft
38 by anti-friction ball bearings 8¢ and 32 re-
spectively. The outer races of the bearings 3!
and 82 are seated in recesses 83 formed in the
opposite ends of the pinion 28, and the inner
races of these bearings are arranged in embracing
relationship to the shaft 80. -Thus the pinions 28
may rotate with respect to the shaft 30,

The interior of the central section 13C of the

" housing is formed with a transverse body 35 that

extends across the interior of the section I13C so
as to define chambers 38 on opposite sides there-
of that in effect constitute a reservoir within
which hydraulic liquid may be contained for sup-
plying the pump that is afforded by the gears-25
and 28, and this hydraulic fiuid. may be main-
tained in the chambers or reservoir 36 in an
amount sufficient to reach to g level such as that
indicated at 37 in Fig; 2 of the drawings, and the
liquid in the two chambers may be equalized by
& passage 3TA extended through the body 35.
The transverse body 35 that is formed in the
central section of the housing 13 is suitably re-
cessed to provide a housing that cooperates with
the gears 28 and 28 to afferd a reversible gear

) pump, and within the walls of the web 25, the

requisite liquid passages and valve means are
provided as will be hereinafter described in detail.
As will be evident in Fig. 2 of the drawings, the
transverse body 85 is bored as at 28 to afford a
chamber within which the gear 25 may rotate, and
the diameter of the bore $8is such that the teeth
25A of the gear 25 run with only a slight opera-
tive clearance with respect to the sides of the bore.
In respect to the smaller gears or Ppinions 28, the
transverse body is formed with bores 49 therein
that are of such a size as to snugly engage the
ends of the teeth 28A of the pinions 28, and thus
the transverse body 35 affords a housing within
which the gears 26 and 28 may operate as a re-
versible gear pump. When the gears 25 and 28
are rotating in the direction shown by the arrows
in Fig. 2, hydraulic fluid will normally be drawn
into the pump casing through a liguid passage .45
that connects the left hand chamber 36 with a
chamber 46 that is formed at what then consti-
tutes the intake side of the pump. It will be un-
derstood that a similar passage 45A is provided
with respect to the lower one of the two gears 28
in Fig. 2, and the rotation of the gears causes the
hydraulic liquid to be moved from the chamber
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46 and around the axis of the pinions 28 in a
clockwise direction and into what then constitutes
a pressure or discharge chamber 48 as indicated
in Fig. 2, and in 4 similar manner, hydraulic lig-
uid is moved by the gear 25 in a counterclock-
wise direction from the passage 45A into the pres-
sure chamber 48, From this discharge chamber
48 the hydraulic liguid normally tends to dis-
charge through a discharge passage 58 into the
right hand one of the chambers or reservoirs 36.
A similar pumping achion takes place with respect
to the other gear 28, so that liquid also tends to
discharge from the passage 58A. When the driv-
ing forces effective on the shafts are reversed, the
pumping action is, of course, reversed so that the
passages 58 and 58A constitute the intake pas-
sages of the pump while the passages 45 and 45A
constitute the discharge passages.

In order that the pumping action of the pump
may be rendered more efficient, a plurality of ra~
dial passages §! and %2 are formed respectively
inwardly from the ends of the teeth 28A, and
inwardly from the bottoms of the spaces between
the teeth 28A so that passages, -during the time
when the teeth 28A are meshing with the teeth
2BA, will communicate with arcuate slots 53
formed in the non-rotatable shaft 38. Thus the
hydraulic fiuid trapped between the meshing
teeth 28A angd 28A may be forced inwardly through
the passages . 51 and 52 and may pass through
the related slot B3 and back into the pressure
side or chamber of the pump through other pas-
sages B! and 5Z. "This arrangement avoids the
development of excessive pressures between the
teeth of the meshed gears.

It has been ‘peinted ocut hereinbefore that the
pump that is afforded in the present transmitting
mechanism may, in accordance with the relative
direction or sense in which the driving forces are
applied, tend to operate in either direction, and
in the case of a ecluteh, this is determined by
whether the driving force is applied by the driving
engine or power plant, or is applied by the shaft
that normally constitutes the driven shaft. For
example, in an aufomobile or any similar vehicle,
the driving action of the engine will tend to op-
erate the pump in one direction, but where the
clutch is left engaged while the engine is stopped
and the vehicle is parked, the rolling tendency of
the vehicle may tend to operate the pump in said
one direction, or might tend to operate the pump
in the other cor reverse direction. Because of the
situation that is thus presented, the present in-
vention provides for similar control of all of the
passages 45, 4BA, 58 and BRA so that the desired
extent or degree of power transmission between
the shafts 1§ and 12 will be attained irrespective
of the direction in which driving power is applied
to the two shafts; and this result under the pres-
ent invention is attalned in such a way that fluid
will be supplied to the pump at ail times so as to
prevent starving of the pump with consequent
failure to obtain the desired transmitting action.

The control means that are thus provided for
each of the several passages 45, 45A, 50 and 50A
are best shown in Figs. 1 to 4 and comprise a main
valve §5 for each such passage mounted for move-
‘ment from an open position shown in Fig. 4 to a
closed position shown in Figs. 1 and 3. As will
be evident in Figs. 1, 3 and 4, the passages £5, 434,
50 and S8A are in the form of slots that extend
entirely across the faces of the gears 25 and 28,
and the bores 58 are disposed so the main valves
‘68 therein may completely block the related pas-
sages ‘when the valves are in their fully closed
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positions ef Fig. 1. Each main valive 55 is slid-
ably mounted in a guide bore 58 that intersects
with the passage, -as 584, that is to be controlled
thereby, such guide bores 56 being disposed par-
allel to the axis of the shafts 11 and {2. Fach
main valve 55 has a connecting rod 57 connected
thereto and extended parallel to the axis of the
bore 58 through a packing gland 88 and an ex-
tensible dust shield 59, and the outer end of each
rod 97 is'connected to an operating arm 69. Four
such cperating arms 6§ are thus required, and
these arms are formed as radial extensionsfrom
the outer race of a ball bearing 84, the inner race
of which is fixed on a sleeve 62 that is slidably
keyed as at 83 to the shaft {1. The sleeve 62 is
connected -to an.agnnularly grooved member 64
that is in turn operatively associated with the
control lever 14 byimeans in the:nature of a shifter
fork so that by operation of the lever 14 the sleeve
€2 and the bearing ‘64 may be shifted longitudi-
nally of the shaft fi. :

When the clutch is to be released so as-to
permit free rotation of the shaft f{ with respect
to the shaft {2, the control lever 4 is shifted to
the dotted line position shown in Fig. 1,-and this
shifts each of the main valves 55 to the open
positicn shown in Fig. 4 of the drawings. ‘The
acticn with respect io all of the main valves 55
is the same, and as illustrated in Fig. 4, the end
§5A of the valve 55 that is asscciated with the
passage B0A is shifted . to the left in Fig. 4 so
as {0 progressively expose or open-a greater area
or poertion of the slot-like passage 39A. Hence
the hydraulic liquid may pass through the pas-
ss2e BBA and the intermediste guide bore 5§ in
either direction in accordance with the direction
of operation of the gears of the pump.

When the clutch is to be engaged so as to
assume  a power transmifting relationship, the
control lever ‘14 is shifted to the full line position
of Fig. 1, thereby to position the valve 55 in the
relationship shown in Figs. 1'to 3. In the course
of such movement, the hydradlic fluid within the
guide bore §& and to the right of tlie end surface
§8A as viewed ‘in Fig. 4 is displaced, and liguid
is drawn into the end 56A of the bore, and the
flow of liquid is centrolled in such a manner that
unduly abrupt engagement of the clutch is pre-
vented. Thus as will be evident in Figs. 1 and 4,
each main valve 85 has g series of connected
passages 64, €5 and €6 formed therethrough so
as to enable passage of liquid from the bore 58
and into the left hand end 564 of the bore as
the main valve is shifted. Such displacement
of the hydraulic fluid is controlled hy 5 relatively
small passage 67 formed in a check valve 68 that
is located in the passage 64. ‘Thus the relatively
small area of the passage €7 tends to retard the
flow of liquid and thus controls the speed of
engagement of the clutch. As to the disengage-
ment of the clutch, however, the return flow of
hydraulic liquid is relatively unrestricted, the
check valve B8 being arranged to open as the
main valve 86 is moved from the closed position
of Fig. 1 to the open position of Fig. 4. . In the
closing movement of the valve there is a Possi-
bility that there may be hydraulic liquid trapped
between a flange §3 of the valve 55 and a shoulder
88A that is formed where the bore 3§ opens into
the enlarged portion 86A, and for this reason a
discharge passage 0 of relatively small area ‘is
provided from the enlarged portion 55A of the
bore into one of the reserveirs 36. ‘

When the main valves 55 have been moved 1o
their effective or closed positions of Fig. 1, the
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flow of high pressure hydraulic liquid from the
discharge chambers of the pump is blocked, and
hence g liquid lock is established in the pump so
that the shafts |1 and 12 are connected in a one
to one power transmitting relationship. It will
be recognized of course that in a pump of the
kind that must be employed in devices of this
character there must necessarily be operative
clearances between the relatively moving parts,
and by reason of these clearances there will tend
to be some leakage that will allow corresponding
relative movement of the parts of the pump. Be-
cause of this, the present invention provides for
free entrance of make-up ligquid so that starving
of the pump is avoided and a proper liguid lock
is maintained. Thus as will be evident in Figs.
1 to 4 of the drawings, each of the main valves
85 is provided with a transverse passage 7f there~
through and such transverse passages 71 are so
located that when the main valves §5 are in their
fully closed positions of Fig. 1, the transverse pas-
sages 11 are disposed in the inlet and outlet pas-
sages, as 45, that are controlled by the respective
main valves. Each passage Tl is controlled by a
check valve 72 that is normasally urged toward a
closed position by a spring 73, and these check
valves T2 are so positioned as to permit relatively
free entrance of hydraulic liquid into the pump
while preventing discharge of hydraulic liquid
from the pump. Thus it will be clear that re-
gardless of the direction of operation of the pump,
or regardless of the direction in which the driv-
ing forces are applied to the pumpyp, two of the
check valves 12 will be effective to block the dis-
charge passages of the pump while the other two
of the check valves T2 will permit entrance of
make-up liquid as this may be required by leak-
age conditions in the pump.

Since the possibility of leakage of hydraulic
liquid in the pumps of a power transmitting de-
vice represents a2 highly undesirable condition
that results in slippage of the power transmit-
ting device, the present invention provides means
whereby such leakage may be reduced or pre-
vented during times when heavy load is imposed
upon the mechanism and yet, proper clearances
are provided for these periods when the elements
of the pump are to run freely in respect to each
other. Thus, as will be evident in Figs. 1 and 2,
the bore 40 in which each gear 28 is mounted is
enlarged throughout substantially the entire cir-
cumference thereof wherein it opposes the ends
of the teeth 28A, and this enlargement provides
an arcuate pressure chamber 75, Within this
pressure chambker 75 an arcuate pressure plate
16 is mounted in such a position that its ends
may bear at its ends against abutment shoulders
11, and means are provided wherehy pressure
may be applied to the pressure chamber 75 so
as te force the pressure plate or sealing plaje
76 into snug engagement with the ends of the
teeth 28A. The application and release of pres-
sure in the chamber 75 is accomplished in a man-
ner that will hereinafter be described in detail.
It.is of course Gesirable to prevent leakage of the
hydraulic liquid out of the endg of the spaces
between the teeth 284, and for this purpose, seal-
ing plates 78 are mounted in pressure chambers
19 on opposite sides of the gears 25 and 28 co
as to enable these pressure or sealing plates 18
to be forced into a tight and sealing relationship
with respect to the sides of the gears 25 and 28
when- the clutch is in a power transmitting con-
dition. The pressure plates 78 are of the gen-
eral form shown in Fig. 6 of the drawings so as
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to provide a portion T8A that surrounds the outer
races of the bearings 20 or 21 and also provid-
ing annular sections 18B and 18C, Fig. 6, that
surround the shafts 30 so that they may bear
against the end edges or sides of the gears 28
opposite the ends of the teeth 28A thereof. The
sections 78B and 78C extend radially outwardly
in such an amount that they also bear against
the outer edges of the sealing plates 16, and it
will be observed that the sections 18B and 18C
are spaced from the wall of the pressure cham-
ber 75 so that pressure applied in the chamber
15 is communicated into the pressure chambers
78, Hence all of the sealing or pressure plates
16 and 78 are applied and released concurrently.

‘The application and release of sealing pressure
for the plates 76 and 78 is attained through valve
means that operate in g similar manner in either
direction of operation of the pump, and such valve
means are similar in respect to each side of the
pump. Thus as shown in Fig. 2 of the drawings,
check valve means 80 are provided from the
chambers 46 and 48 into opposite ends of the
pressure chamber 75, but in Fig. 2 the showing
of the valve 88 is somewhat diagrammatic in
character, the actual construction being shown in
Iig. b of the drawings. 'Thus each valve means
89 is provided by forming a stepped bore 81, Fig,
8, the body 38 adjacent to one of the valves 55,
and this bore 81 communieates with the adjacent
pressure chamber of the pump by intersecting
with the related passage such as the passage 45A
indicated in Fig. 5. The stepped bore 81 includes
sections 81A, 8{B, 8IC and 8iD of progressively
increasing size and the outer end of the largest
section 8D is closed by a plug 82. The valve
member 89 is in the form of a kall disposed in
the section 81C and adapted to seat on a valve
shotilder or seat 83 so as to prevent flow of hy-
draulic liquid from the section 81D and into the
pbore as 49A.  An expansive coil spring 84 dis-
posed in the section 8iB of the bore normally
holds the valve member 88 in the open position
shown in Fig. 5. The section 8ID is connected
to the adjacent end of the pressure chgmber 15
by an angular hore 85 so that pressure fluid from
one of the passages as 45A may pass the valve
member 83 and flow through the passage 85 into
the adjacent end of the pressure chamber 175.
This will occur when the main valves 55 are
closed, for under such conditions, pressure is built
up in two of the chambers of the pumps. Under
such circumstances, the pressure liquid will fiow
into the pressure chamber 15, and wiH act upon
the other valve members 80 so as to move the
same against the force of the spring 84 and into
closing relationship to the valve seat 83. Thus
so long as pressure is maintained in the first men-
tioned one of the chambers of the pump, the pres-
sure from this chamber will be applied to the
pressure chamber 15 and hence to the pressure
chamber 79 so as to render the sealing plates 16
and 18 effective. When the. main valves 55 are
opened, the one of the valve members 88 that is
in open position will of course tend to close, due
to the release of the pressure on one side thereof
which will result in a higher pressure being pres-
ent in the pressure chamber 15. The valve con-
struction shown in Fig. 5, however, allows this
higher pressure in the chamber 15 to be dissi-
pated. before it can be effective to close the then
ocpen check valve 80, and this is due to the rela-
tionship of the size of the valve member 80 to the
size of the sections 8iC and 8ID of the bore 8i.
In other words, a substantial volume of hydraulic
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Tiguid must flow from the valve chamber or sec=
tion 81D and past the valve member 88 in order
to move this valve member back from its fully
open position, shown in dotted outline in Fig. 5,
and into the reduced section 81C. This volume
of hydraulic Iiguid that must flow to attain such
movement of the valve member 8§ is sufficient fo
release the pressure in the chamber 75, thereby
to release the pressure plates 16 and 78 and per-
mit free running of the parts of the pump when
the clutch is released.

From the foregoing description it wiil be ap-
parent that the present invention enables hy-
draulic power transmitting mechanism to cperate
in an extremely efficient manner not heretofore
attained, and this advantageous operation results
in a proper power transmitting relationship at all
times. The arrangement is such that leakage of
the pump is mihimized or prevented, and yei free
running of the parts of the pump-is possible when
the clutch or power ftransmitting mechanism is
released. The power transmitting mechanism of
the present invention attains the proper power
transmitting relationship regardless of the direc-
tion in. which the driving forces are applied, and
starving of the pump with the attendant slippage
or niisoperation of the mechanism is prevented.

Thus, while I have illustrated and described the
preferred embodiment of my invention, it is to
be understood that this is capable of variation
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and modification and I therefore do not wish to

be limited to the precise details set forth, but
desire to avail myself of such changes and altera-
tions as fall within the purview of the following
claims.

I claim:

1. In a liquid power transmitting mechanism,
a pair of relatively rotatable members, nmeans
affording g reversible liquid pump having rela-
tive'y movable pumping elements operatively con-
nected respectively to said members for pumping
operation upon and in proportion to relative rota-
tion of said members, said pump having means
associated therewith affording a. liquid supnly
reserveir and intake and discharge passages con-
nected through said pump from said reservoir;
shiftable main vaives disposed in controlling re-
lation to said passages and each having an open
position wherein liguig may be pumped freely
through the related passage and each main.valve
having g closed position in which the related
passage is closed against discharge of- liguid
through said passage by said pump, contro! means

for opening or closing hoth of said main valves in..

unison, and check valve means carried by each of
said main valves and disposed in such positions
that when said main valves are in their closed
positions, one of said check valves is held closed
hy the discharge pressure of the pump while the

other of said check valves is opened by any suc-

tion action of the pump.:

2. In a hydraulie power transmitiing mecha-
nism, a. planetary gear set having means en-
closing said gears to provide a reversible gear
pump and affording a liguid reserveir ard hav-
ing supply and discharge passages for the gear
pump connected: to said reserveir, shiftable main
valves disposed.in controlling relation to said
passages and each having an epen pesition
wherein. Iiguid meay be puiaped freely through
the related passage and each main valve having
g closed position in which the related passage is
clesed against discharge of liquid through. said

passage by said pump, control means for open-

ing or closing both of said main valves in unisen,
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and:check valve means carried by each of said
main valves and disposed in such positions that
when said main valves are in their closed posi-
tions, one of $aid check valves is held closed by
the discharge pressure of the pump while the
other of said check valves is opened by any suc-
tion action of the pump to thereby enable make-
up liquid to pass into the intake side of the pump
and assure the maintenance of a liquid-lock
therein.

3. In g power transmitting mechanism, differ-
ential gear means having input and output ends
connected respectively to said relatively rotatable
members, means enclosing said gear means to
provide a reversible gear pump and affording a
reservoir and having passages for the gear pump
connected to said reservoir, shiftable main valves
disposed in controlling relation to said passages
and each having an open position wherein liquid
may be pumped freely through the related pas-
sage and each main valve having a closed po-
sition in which the related passage is closed
against discharge of liquid through said passage
by said pump, control means for epening or clos-
ing both of said main valves in unison, and check
valve means carried by each of said main valves
and- disposed in such positions that when said
main valves are in their closed positions, one of
said check valves is held closed by the outlet pres-
sure of the pump while the other of said check
valves is opened by any suction action of the
pump to thereby enable make-up liquid to pass
into the intake side of the pump.

4. In a hydraulic power transmitting mecha-
nism, a pair of relatively rotatable members,
means affording a reversible liquid pump having
relatively movable pumping elements connect-
ed respectively to said members for pumping
operation upon and in proportion to relative ro-
tation of said members, said pump having means
asscciated therewith affording a reservoir and
nassages connected through said pump from said
reservoir, shiftable main valves disptsed in con-
trolling relation to said passages and each hav-
ing an open position wherein liguid may be
pummped freely through the related passage and
each main valve having a closed position in which
the related passage is closed against discharge
of liquid through said passage by said pump, con-
trol means for opening or closing both of said
main valves in unison, each of said main valves
having a -transverse opening formed there-
through and disposed in such positions that when
said main valves are in their closed pesitions
said transverse -openings are disposed inh aligh-
ment with the passages controlled by the respec-
tive main valves, check valves disposed in said
transverse. openings and so disposed that when
said main valves are im- their closed positions,
onz of said check valves is held clesed by the
outlet pressure of the pump while the other of
said check valves is opened by any suction ac-
tion of the pump to thereby enable make-up
liquid to pass intc the intake side of the. pump
and assure the maintenance of a . liquid-lock
therein.

5. In a peower transmitting mechanism, a pair
of relatively rotatable members, means afford-
ing a reversible pump having relatively movable
pumping elements connected respectively to said
members for pumping operation upon and in
proportion to relative rotation of said members,
said pump having means - associated therewith
affording a liquid reservoir and passages coll-
nected- through said pump from said Teservoir,
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shiftable main valves disposed in controlling re-
Jation to said passages and each having an open

position wherein liquid may be pumped freely -

through the related passage and each main valve
having a closed position in which the related
passage is closed against discharge of Iiquid
through said passage by said pump, control
means for opening or closing both of said main
valves -in unison, check valve means carried by
each of said main valves and disposed in such
positions that when said main valves are in their
closed positions, one of said check valves is held
closed by the outlet pressure of the pump while
the other of said check valves is opened by any
suction action of the pump to thereby enable
make-up liquid to pass into the intake side of
the pump and assure the maintenance of a liguid-
lock therein, and hydraulic means operable to
limit the rate of closure of said main valves.

.- 6. In a:power transmitting mechanism, a pair
of relatively rotatable members, means affording
a reversible pump having relatively movable
bumping elements connected respectively to said
members for pumping operation upon and in
proportion to relative rotation.of said members,
said pump having means associated therewith
affording a liquid reservoir and passages con-
‘nected through said pump from wsdid reservoir,
shiftable main valves disposed in controlling re-
lation to said passages and each having an opsn
position wherein liquid may be pumped freely
through the related passage and each main valve
having a closed position in which the related
bassage is closed against discharge of liquid
through said passage by said pump, control means
for opening or closing both of said main valves
in unison, check valve means carried by each of
said main valves and disposed in such positions
that when said main valves are in their closed
positions, -one of said check valves is held closed
by the outlet pressure of the pump while the
other of said check valves is opened by any suc-
tion action of the pump to thereby enable make-
up liquid to pass into the intake side of the pump
and assure the maintenance of a liquid-lock
therein, and hydraulic means including a check
valve means and flow restricting passages oper-
able to control the rate of opening and closing
movements of said main valves.

- 1. In a fluid power transmitting mechanism, a
pair of relatively rotatable members, means af-
fording a reversible gear pump embodying g plu-
rality of gears at least certain of which are con-
nected respectively to said members for pumping
operation upon and in proportion to relative ro-
tation of said members, said pump having means
associated therewith affording a liguid reservoir
and passages connected through said pump from
said reservoir, shiftable main valves disposed in
controlling relation .o said bassages ‘and each
having an open position wherein liquid may be
pumped. freely through the related passage and
each main valve having a closed Pposition in which
the related passage is closed against discharge
of liquid through said passage by said pump, con-
trol means for opening or closing both of said
main valves in unison, check valve means carried
by each of said main valves and disposed. in such
positions that when said main valves are in their
closed positions one of said check valves is held
closed by the outlet pressure of the pumyp while
the other of said check valves is opened by any
suction action. of the pump to thereby enable
make-up ligiuid to pass into the intake side of
the pump and assure the maintenance of a fuid-
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lock therein, shiftable sealing plates mounted for
engagement with the peripheral edges and the
end edges of at least certain of said gears, means
aflording pressure chambers for applying hy-
draulic sealing pressure to said plates, and valve
means for controlling the application and release
of said hydraulic pressure to apply hydraulie
pressure when high pumping Pressures are pres-
ent in said pump and to release such hydraulic
pressure when said pumping pressures are re-
duced. T

8. In a fluid power transmitting mechanism, a
pair of relatively rotatable members, means af-
fording a reversible gear pump embodying a plu-
rality of gears operatively associated with said
members for pumping operation upon and in pro-
portion to relative rotation of said members, said
pump having means associated therewith afford-
ing a liquid reservoir and passages connected
through said pump from said reservoir, shiftable
main valves disposed in controlling relation to
sald passages and each having an open position
wherein liquid may be pumped freely through
the related passage and each main valve having
a closed position in which the related passage is
closed against discharge of liquid through- said
Dassage by said pump, control means for opening’
or closing both of said main valves in unison,
check valve means carried by each of said main
valves and disposed in such positions that when
said main valves are in their closed positions one

" of said check valves is held closed by the outlet

35

40

45

50

55

60

65

70

(]

pressure of the pump while the other of said check
valves Is opened by any suction action of the
pump te¢ thereby enable make-up liquid to pass
into the intake side of the pump and assure the
maintenance of a fluid-lock therein, arcuate seal-
ing plates mounted for engagement with the pe-
ripheral edges of at least certain of said gears
and flat side sealing plates mounted for sealing
engagement with the end edges of at least certain
of said gears, means affording pressure chambers
for applying hydraulic sealing pressiire to said
plates, and valve means for controlling the appli-
cation and release of said hydraulic pressure to
apply hydraulic pressure when high pumping
pressures are present in said pump and to release
such hydraulic pressure when said pumping pres-
sures are reduced.

9. In a fluid power transmitting mechanism, a
pair of relatively rotatable members, means af-
fording a reversible gear pump embodying g plu-
rality of gears operatively associated with said
membpers for pumping operation upon and in pro- .
portion to relative rotation of said members, said
pump having means associated therewith afford-
ing a liquid reserveir and passages conmnected

through said pump from said reserveir, shiftable

main valves disposed in controlling relation to

said passages and each having an open position -
wherein liguid may be pumped freely through the

related : passage and each main valve having g -
closed position in which the related Passage is
closed against discharge of liguid through said
passage by said pump, control means for opening
or closing both of said main valves in Unison,
check valve means carried by each of said main
valves and disposed in such positions that when
said main valves are in their closed positions one’
of said check valves is held closed by the outlet
pressure of the pump while the other of said check
valves Is opened by any suction action of the pump
to thereby enable make-up liquid to pass into the
intake side of the pump and assure the mainte-
nance of a fluid-lock therein, shiftable sealing:
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plates mounted for engagement with the periph-
eral edges and the end edges of at least certain
of said gears, means affording pressure chambers
for applying hydraulic sealing pressure to said
plates, and delayed action check valves for con-
trolling the application and release of said hy-
draulic pressure to apply hydraulic pressure wnen
high pumping pressures are present in said pump
and fto release such hydraulic pressure when said
pumping pressures are reduced.

10, In a fluid power transmitting mechanism,
a pair of relatively rotatable members, means
affording a gear pump embodying a plurality of
gears operatively connected with said members
for pumping operation upon and in proportion
to relative rotation of said members, said pump
having means associated therewith affording a
liquid reservoir and passages connhected through
said pump from said reservoir, valve means dis-
posed in controlling relation to said passages for
controlling the pumping action of said pump,
shiftable sealing plates mounted for engagement
with the peripheral edges and the end edges of
at least certain of said gears, means affording
pressure chambers for applying hydraulic sealing
pressure to said plates, and valve means for
controlling the application and release of said
hydraulic pressure to apply hydraulic pressure
to 'said plates when high pumping pressures are
present in said pump and fto release such hy-
draulic pressure when said pumping Dbressures
are reduced.

11. In a fluid power transmitting mechanism,
a pair of relatively rotatable members, means af-
fording a pump embodying a plurality of rela-
tively rotatable pumping parts operatively con-
nected with said members for pumping operation
upon and in proportion to relative rotation of
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said - members, said pump having means. ass0-
ciated therewith affording a liquid reservoir and
passages connected through said pump from said
reservoir, - valve means disposed in contrelling
relation to said passages for controlling the
pumping action of said pump, at least one seal-
ing plate mounted for engagement with one of
said pumping parts, means affording a pressure

. chamber for applying hydraulic sealing pressure

to said plate, and valve means for controlling
the application and release of said hydraulic
pressure to apply hydraulic pressure to said plate
when high pumping pressures are present in said
pump and to release such hydraulic pressure
when said pumping pressures are reduced.

12. In a fluid power transmitting mechanism,
a pair of relatively rofatable members, means

affording 2 gear pump embodying a plurality of

gears operatively connected with said members
for pumping operation upon and in proportion
to relative rotation of said members, said pump
having means associated therewith affording a
liquid reservoir and passages connected through
said pump from said reservoir, valve means dis<
posed in controlling relation to said passages for
controlling the pumping action of said pump,
shiftable sealing plates mounted for engagement
with the end edges of at least certain of said
gears, means affording pressure chambers for ap-
plying hydraulic sealing pressure to said plates,
and valve means for controlling the application
and release of said hydraulic pressure to apply
hydraunlic pressure  to said plates when high
pumping pressures are present in said pump and
to release such hydraulic pressure when said
pumping pressures are reduced. )
GEORGE W. CORNELIUS.
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