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This invention relates generally to hydraulic
control apparatus and is more particularly di-
rected toward apparatus for controlling a hy-
draulic pump so as to afford a positive variable
discharge of pressure maintaining fluid.

It is an object of the present invention to pro-
vide a hydraulic pump having parts, including
a flow control valve and g pressure relief means,
constructed and combined in an improved man-
ner for efficiently decreasing the quantity of pres-
sure maintaining fluid in response to attain-
ment of a predetermined fluid pressure.

Another object of the present invention is to
provide a hydraulic pump with control and pres-
sure relief means combined for coaction in a
novel and improved manner affording a reduction
of hydraulic pressure on the pump upon attain-
ment. of a predetermined pressure head and
thereafter operating to efficiently maintain a re-
duced pressure head.

Tt is also an object of this invention to provide
a pump unit, adapted for operating a hydraulic
motor, with a control valve and pressure relief
means constructed and combined for coaction in
an improved manner affording a manual control
for selectively varying the quantity of pressure
maintaining fluid discharged by the pump, as de-
sired, and also affording means, independent of
the manual sefting of said control valve, for effi-
ciently  decreasing the discharge of pressure
maintaining fluid whenever the fluid for operat-
ing the motor attains a predetermined pressure.

Still another object of the present invention is
to provide a pump unit with a pressure relief and
control means combined for coaction in an im-
proved manner operative to efficiéently maintain
a desired pressure head with a minimum dls-
charge of pressure maintaining fluid.

An additional object of this invention is to pro-
vide a multiple plunger pump, adapted for use
with a hydraulic ram, with parts including exter-
nal control means combined for coaction in an
improved manner such that a single movement of
a, control lever results in the ram piston -moving
to and being hydraulically locked in one of.its
limiting positions and such that a pressure head
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sufficient to retain the ram piston locked in its g

limiting position is maintained through delivery
of 2 minimum quantity of pressure fluid.

The construction and operation of apparatus
capable of accomplishing one or more of the
above stated objects will become readily apparent
‘as the disclosure progresses and particularly
points out the various advantages and other fea~
tures considered of special importance. - And ac-
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cordingly, the present invention may be consid-
ered -as comprising the various constructlons,
combinations, and/or subcombinations as is here-~
inafter more fully set forth in the detalled de-
scription and appended claims, reference bemg
had to the accompanying drawings, in which:
Fig. 1'is a partial plan view of. apparatus em-
bodying the invention with parts broken a.way
and other parts indicated schemamcally,

Fig.2is a sectlonal view taken oh line II—-iI of
Fig. 1;

Fig. 3 is a sectlonal view taken on 11ne III—-III
of Fig. 2; ,

Fig. 4 is a sectional view taken on line IV—IV
of Fig. 2;

Fig. 5 is g secticnal v1ew taken on line V-—-V of
rig. 2;

Fig. 6 is another sectional view taken on line
VI—VI of Fig. 4;

Fig. 7 is a schematic showmg, partly in sectmn
of the apparatus embodying the invention;. .

Fig, 8 is a view of the valve structure shown in
Fig. 7 indicating a different position thereof; and

Fig. 9 is a view somewhat similar to Fig. 8 illus-
trating still another position of the control valve.

Referring to Fig. 1 it will be seen that the illus-
trated embodiment of the present invention com-
prises & hollow lubricant confining casing i oper-
atively enclosing a rotating shaft 2 driven from
any suitable power source (not shown) and.pro-
vided with cam portions 3. A side wall of hollow
structure | is provided with an opening 4 there-
through which exposes the cam portions 3 on
shaft 2. And a hydraulic pump and control unit
comprising a housing 7 is detachably secured to
the side of hollow structure { (as by bolts 8) in
covering relation with respect to the .opening 4
therethrough. The side of housing .T.opposing
opening 4 in hollow casing | is provided with
marginal surfaces ¢ for sealingly- engaging the
side wall surfaces of casing 1 which bound open~
ing 4. A hydraulic motor {{, in this case a single
acting ram unit, is operatively connected with
the pump and control unit housing -7 by a con-
duit 12 for the flow of lubricant to and from-the

ram.  Ram piston 13 is operatively.iconnected

with one arm of a bellerank .lever 14: having a
weight 18 or other device attached to.its other
arm for actuation by the ram umit. = As shown,
the ram is in its refracted position and upon ad-
mission of pressure fluid thereto piston element
13 moves to the right and raises weight, 16. -
Referring also to Figs. Z to 6, inclusive, it will
be apparent that the side of pump ‘housing: 7
enclosing the opening in hollow structure | is
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provided with four inwardly extending parallel
cylindrical chambers 17, 18, 18 and 28, chambers
{1, 18 and 19 being of equal diameter and cham-
ber 20 having a materially reduced diameter. A
compression spring 22 (see Fig. 4) is positioned
within each chamber at the inner end thereof and
each chamber includes a pump plunger 23 hav-
ing a reduced inner end portion 24 disposed in
guiding relation within the associated compres-
sion spring 22. The side of housing T adjacent
hollow casing 1 is also provided with outwardly
extending projections 28 having aligned holes
therethrough receiving and fixedly mounting a
shaft or rod part 27 disposed at a right angle
with respect to the axes of pump plungers 23
and generally parallel to a plane therethrough.
And a plurality of cam followers 28, one for each
pump, are pivotally supported on shaft part 27
for swinging movement relative thereto and rela~
tive to each other, the lower end portions of
these followers being disposed between the outer
ends of pump plungers 23 and the opposed cam
portions 3 on shaft 2 thereby establishing an
operative connection between power driven shaft
2 and pump unit 6. (See Fig. 1.)

Pump housing 1 is provided with an intake
manifold passage 29 severally communicating
with pump chambers 17 to 20 through intake pas-
sages 31 and communicating with the lubricant

in hollow structure { through a main intake pas- s

sage 32 terminating in the adjacent side of hous-
ing 7 below the pump plungers therein. Passage
32 includes an extending conduit portion 33 (see
Fig. 4) projecting outward therefrom through
the opening 4 and downward into the fluid con-
fined in hollow casing I. Housing T is also pro-
vided with a cylindrical valve chamber 34 which
extends therethrough in spaced overlying rela-
tion with respect to pump cylinders {1 to 23
and in parallel right angle relation thereto. A
plurality of passages 36, one for each pump, sev-
erally connect the inner or discharge ends of
the pump cylinders with longitudinally spaced
portions of cylindrical valve chamber 34. In
addition, housing 7 includes a horizontal bore

37 which is disposed above valve chamber 34 in °

generally parallel relation thereto and which is
connected therewith through a group of pas-
sages 38 corresponding in number to pump dis-
charge passages 36. And in this connection it

should be noted that passages 38 communicate ¢

with valve chamber 34 in diametrically opposed
relation to passages 38. Iach passage 38 is pro-
vided with a spring biased ballcheck valve 3§
controlling the flow of fluid therethrough and
into bore 31. This bore, which may be considered
a manifold space, communicates at its right hand
end (note Figs. 1 and 2) with an outlet passage
4{ for working fluid which terminates in an up-
wardly extending pipe connection 42 provided
with a suitable connector 43 for coupling a ram
hose or the like thereto. Communication be-
tween outlet passage 4{ and manifold space 37
is controlled by a spring biased ballcheck valve
44 preventing a back flow of Auid from passage
41 into the manifold space. In addition it should
be noted that this discharge fluid passage 4! has
a branch portion 45 on the discharge side of
check valve 44 placing same in communication
with the right hand end of cylindrical valve
chamber 34.

. Housing 7 is also provided with a main fluid
return passage means comprising a horizontal
bore opening 46 through the side surface of the
housing closing the opening in hollow casing |

<t
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at a point somewhat below and to one side of
intake conduit 33 (Fig. 6). The inner end of
return passage bore 43 communicates with a
bore 471 at right angles thereto (Fig. 5) which
extends nearly through the pump housing in gen-
erally parallel relation to and below valve cham-
ber 34. This bore 47 is also disposed helow pump
chambers {7 to 20 and a plurality of passages 43
corresponding in number to purip discharge pas-
sages 35 place this bore in communication with
longitudinally spaced portions of ¢ylindrical valve
chamber 24, these passages 48 being disposed ad-
jacent the pump cylinder chambers and the pas-
sages 38 severally connecting the discharge side
of the pumps with longitudinally spaced portions
of cylindrical valve chamber 34 as previously
described. Another passage £3 places main re-
turn passage bore 47 in communication with a
right end portion cf valve chamber %4 in lon-
gitudinally offset diametrically opposed relation
with respect to the branch portion 45 of outlet
passage 41. : ) )

In addition, housing T is provided with a cylin-
drical unloading chamber 5! extending there-
through in laterally spaced parallel relation with
respect to cylindrical valve chamber 34 and on
a horizontal level therewith. The left hand end
of manifold bore 37 communicates with the ad-
jacent end of unloading chamber §f by means
of a passage 52 (Fig. 6) and an intermediate
portion of this unloading chamber communicates
with a horizontal discharge passage §3 (Figs. 3
and 4) opening through the side surface of the
pump housing above the pump chambpers.

The left end portion 50 of unloading chamber
51 is somewhat enlarged to provide an internal
shoulder 54 against which is positioned a disk
type spring seat 56 having an opening 51 there-
through. The opposite or left hand end of cham-
bher portion 50 is closed by a eylindrical plug ele-
ment 58 having an inner end portion §9 of re-
duced diameter projecting axially toward spring
seat 56 in spaced relation with respect to the
surrounding wall of chamber 51. The left hand
end of plug member 58 is provided with a circum-
ferential external groove 61 communicating with
passage 52 leading thereto from manifold space
31. A transverse bore 62 connects diametrically
opposed portions of groove 61 with a central hore
63 which extends inward from transverse hore
62 and coaxially through the reduced portion 59
of plug member 58. Central bore 63 is enlarged
from a point adjacent transverse bore 62 to the
discharge side thereof to provide a seat for a ball
valve 64 and to receive cylindrical valve element
65. A cylindrical spring seat element 67 slid-
ably surrounds the reduced end portion 59 of
plug member 58 and is provided at its open end
with a peripheral flange 68 slidably engaging the
internal surface of unloading chamber portion
50, this flange also affording a seat for a com-
pression spring 69 disposed hetween same and
disk seat 56. The inner end of element §1 is
provided with an internal recess forming a cylin-
drical seat 10 receiving the inner end of cylin-
drical valve element 66 which, through the ac-
tion of spring 69, acts to hold this valve element
and ball valve 64 positioned as shown in Fig. 3,
that is, with the ball valve firmly engaged with
its seat thereby preventing a flow of fluid there-
past from manifold 37. And when thus posi-
tioned, it will be noted that the flanged end of
spring seat element 67 is spaced from the op-
posed inwardly facing shoulder presented by

plug member 58. The reduced portion 59 of plug
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member 58 is provided with a transverse bore Ti
-therethrough and is further reduced from its
junction with the main portion of the plug mem-~
ber 58 inward to point beyond transverse bore
11 so as to provide an annular relief passage 12
which communicates with the spring housing
portion of chamber 58 through one or more axial
slots 75 in the peripheral edge portion of flange
68. - Cylindrical valve element 66 is also pro-
vided with an axial bore 13 extending from the
ball valve end thereof approximately to its mid-
point where it communicates with a circumifer~
ential groove 14 adapted to place the space be-
tween the end of valve element 66 and the seat
for ball valve 64 in communication with the
transverse bore 7f in plug member portion 59,
thus providing a relief passage means for - the
space surrounding ball valve 64 when seated as
shown in Fig. 3. ' Also, the inner end portion of
cylindrical spring .seat element 67 is provided
with transverse bore 76 therethrough for relief
of liquid tending to accumulate between same
and the inner end of plug member reduced por-
tion 58. ) ) )

The left hand end of unloading chamber 51 9

and of cylindrical valve chamber 34 are closed
by a cover plate 17T secured in end abutting re-
lation to housing 7 by means of cap screws 78
or the like. The right hand end of unloading
chamber &1 mounts a cylindriecal spring seat 79
and is closed, as is also the corresponding end of
valve chamber 234, by means of a cover plate 80
fixedly secured thereto by one or more cap screws
85. A pressure responsive piston 81 is mounted

in unloading chamber 51 in down stream rela- :

tion with respect to spring seat disk 56 and is
detachably connected with a movement trans-
mitting rod 82 which extends coaxially through
cylindrical spring seat 719 and through an
aligned and somewhat enlarged opening 93 in
cover plate 88. The outer or exposed end of con-
trol rod 82 is fixedly connected with and carries
a stub shaft 83 which projects at a right angle
therefrom. in the direction of valve chamber 234
and in generally parallel relation to cover plate
80. A compression spring 84 is interposed be-
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tween seat 19 and the opposed end of piston 81 -

in surrounding relation to piston rod 82, this
spring acting to move the piston toward the left
as viewed in Fig. 3 in closed relation with respect
to fluid return passage 53. It will be noted that
the right hand end of unloading chamber 5f is
provided with another fluid return passage 86
(Fig. 3) opening through the side face of the
housing enclosing opening 4, this additional pas-
sage functioning to return any liquid tending to
become trapped between piston 81 and cylin-
drical spring seat 19.

Referring again to Fig. 2 it will be seen that a
cylindrical liner comprising axially separable sec-
tions 88to 92 isdisposedin eylindrical valve cham-
ber 34 with innermost section 92, that is, the sec-
tion adjacent the right hand end of chamber 34,
abutting cover plate 80. The opposite end.sec-
tion 88, that is, the section at the left hand end
“of chamber 34 is held in position by end abutting
engagement with cover plate 71. Cylindrical
sections 88 to 92 are provided with ecircumferen-
tial external grooves 94 placing pump discharge
passages 36 in communication with check valve
control passages 38. In addition each section is
provided with transverse bores 96 (see also Fig.
3) placing the interior thereof in communica-
tion with diametrically opposed pairs of pas-
sages 36 and 38. Furthermore the end abutting

60

portions of eylindrical sections have parts there-

-of cut away and shaped to afford circumferen-

tial external grooves 97, rectangular in cross sec~
tion, each of which communicates with the in-
terior of the chamber formed by these sections
through diametrically opposed transverse pas-
sages 95. The rectangular external passages 97
formed between end portions of cylindrical liner
sections . 88 through 92 communicate with pas-

‘sages 48 placing same in communication with

the main fluid return. passage 47. In addition,
the innermost cylindrical section 92 is provided
with two circumferential external grooves, the in-

‘nermost groove 98 communicating with ram out-
‘let passage 41 and having a transverse bore 99

therethrough placing diametrically opposed por-
tions of grooves 88 in communication with the
interior of section 92, and 4 second groove (00

.communicating with a passage 49 which in turn

communicates with the right hand end of main
fluid return passage 41. ‘Groove 109 also com-

-municates with the interior of liner section 82

through diametrically opposed transverse bores

el .

A cylindrical control valve 102 is positioned in
the generally cylindrical chamber formed by the
end abutting liner sections 88—52 and preferably
this valve is formed by a series of separable cylin-
drical elements, 183—I1088 inclusive, disposed- in
end abutting relation, the end abutting portions
of these cylindrical valve elements being reduced
to form annular spaces between same and the
surrounding internal surfaces of the liner see~
tions. In this connection it should be noted that
the right hand or innermost valve element 16§
comprises an intermediate reduced portion (07
uniting enlarged cylindrical portions {08 and 109
which in turn terminate in reduced oppositely
projecting end portions, the inner one of which
abuts the reduced portion on adjacent element
105 and the other of which projects through a
coaxial opening {11 in cover plate 80. The valve
elements are held in end abutting relation for
movement as a unit by means of a compression
spring 112 seated on valve element 103 in sur-
rounding relation to the reduced outer end por-
tion thereof with its opposite end abutting the
inner surface .of cover plate 77. Movement of
the valve element to the left as viewed in Fig. 2
may be adjustably limited through the medium of
an inwardly projecting part (13 carried by cover
member 77, this part having an internally
threaded bore 114 extending therethrough in
which is adjustably mounted a screw threaded
element 116 having a reduced end portion {17 dis-
posed in coaxial abutting relation with respect to
a similar projection on the adjacent valve element,
163. The outer exposed end of element (16 is
provided with a knurled adjusting knob 118,

Referring more particularly to Figs. 3 and 6
it will be noted that the shaft portion 83 carried
by control rod 82 operatively mounts a roller 119
positioned in opposed engaged relation with re-

- spect to the reduced end portion of the innermost

valve element 106 which extends through cover
plate 80. Shaft 83 also has connected therewith
the upper end of a lever 121 having an-interme-
diate portion thereof pivotally connected with a
link 122 which in turn is pivotally connected with
an arm (23 fixed to an inner end portion of a
shaft 124 rotatably supported in a bearing strue~
ture 126 carried by control linkage housing 127,
This housing is detachably secured in abutting
sealed relation against cover plate 80 by means
of suitable cap screws or the like 128. * And in this
connection it should be noted that cover plate 80
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is provided with suitable openings 129 and 131
which are alighed with and place main inlet pas-
sage bore 29 and main return passage bore 47,
respectively, in communication with the interior
of the linkage housing 121. Consequently this
housing contains oil at a level conforming with
that in hollow structure 1. The outer end of
shaft 124 has a lever arm {32 fixed thereto which
in turn may be connected through a link or other
means (not shown) with a suitable manually
actuable control lever 133 as indicated in Fig. 7.
The bottom portion of housing (27 is provided
with an adjustable stop means (34 positioned in
opposed engageable relation in respect to the
lower edge of lever 12f. Spring 84 in unloading
chamber 51 is relatively strong as compared with
the spring 112 acting on confrol valve 102 and
consequently piston 81, control rod 82 and valve
102 tend to assume the position shown in Figs.
2 and 3. However, it should be noted that the
manual control lever 133 may be moved so as to
shift the fulerum for lever 121, that is the fulerum
afforded by the connection of link {22 to an inter-
mediate portion of lever 121, and thereby move
the rod 82 and piston 81 toward the right as
viewed in Fig. 4 which in turn compresses spring
84. As a result of such movement, spring (12
urges control valve 182 toward the right (note
Fig. 3) and acts to maintain the reduced right-
hand end of this valve in engagement with roller
118. Movement of the valve 162 in the direction
just described, that is, toward the right is limited
by engagement of the enlarged portion (09 of
valve element 1886 with cover plate 88.

When operating with the parts positioned as
shown in Figs. 2 and 3, it will be noted that the
enlarged cylindrical portions of the valve ele~
ments (03—166 inclusive, close transverse bores
86 and that, therefore, the pumps are severally
connected with manifold space 37 through pas-
sages 36, external grooves 94, and through check
valve controlled passages 38. The liquid enter-
ing manifold space 37, assuming all liquid has
been drained from the ram ff, flows therefrom
through check valve control passage 41 and
quickly attains a pressure sufiicient to rapidly
effect a weight lifting power stroke or expansion
of the ram unit. When this occurs the pressure
of the liquid in manifold space 37 continues to
increase until the pressure attained is sufficient
to unseat pressure relief ball valve €4 whereupon
the check valve assembly comprising ball valve 64
and cylindrical valve element 66 moves toward
the right compressing spring 63 until a valve
element 66 opens transverse pressure reiief bore
Ti. When this occurs, pressure fluid flows there-
through into annular space 72, then through the
axial passages 75 in the periphery of flange por-
tion 68 of spring seat element 67, then into the
spring housing chamber from which it flows
through the opening 57 in disk valve seat 56 and
then into the space between this seat and the
head of piston 81. This pressure fluid then acts
on piston 8t and moves same toward the right
thereby opening relief passage 83, which is in
communication with the source of 0il in hollow
structure ! and in linkage housing (27, This
movement of piston &{ results in a movement of
control rod §2 toward the right sufiicient to bring
the lower end of lever {21 into engagement with
the side of cover piate 88 which engagement
limits the movement of the piston 8i and control
rod §2 in this direction. As a result spring 112
causes control valve 182 to move toward the right
in following engaged relation to roller part 1i9
and to the position indicated in Pig. 7. In this
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position, .the enlarged .bore controlling portions
of valve elements 183, (04 and 105, place trans~
verse bores 86 in the associated liners in commu-
nication with return passages 48 thereby severally
connecting the discharge sides of pumps 71, (8
and 19 in communication with the main return
passage bore #7. Eowever, it should be noted
that the enlarged portions 108 and 109 of valve
element 186 remains in closed relation with re-
spect to transverse bores 96 and 99, respectively,
and therefore pump 20 continues to deliver fluid
through circumferential groove (10 and . into
manifold space 37 through the associated check
valve control passage 38.

It should be noted that the end area of cylin-
drical relief valve element 66 is considerably
greater than the area of the passage controlled
by ball valvé €4 and that consequently it re-
quires a relatively high pressure to effect an
initial opening movement of these two valves.
However, once an opening relation is established,
the increase in effective area afforded by cylin-

drical relief valve element 66 operates to main-

tain the relief passage means open under a con-
siderably reduced pressure head. Therefore, in
the position just described, that is, the unload-
ing position of main control valve 122, three
plungers {7, {8 and 19 are delivering fiuid to the
return passage means 471 whereas only one
plunger 20 is delivering fluid to the manifold
space 37 and this fluid, assuming there is no
appreciable leakage from the ram circuit, returns
to the source through the relief means compris-
ing passage 82, bores 62 and 63 in plug element
68, relief valve elements 64 and §6, transverse
bore i in plug element reduced portion 59, pas-
sages 12 and 1§, the opening 51 through disk seat
£6, and passage §3. In this connection it may
be well to note at this time that although the
enlarged eylindrical flow controlling portions of

valve 182 are of substantially equal axial length,

the reduced portions are of different axial lengths
and in addition the axial spacing of the circum-
ferential grooves 94, 97, 108 and 98 and of the
iransverse bores or passages 55, 96, 10i and 99
connected therewith vary somewhat as to their
axial spacing so as to afford the above mentioned
regulation in response to an unloading movement
of the control valve.

In the absence of excessive leakage, more par-
ticularly leakage through the flexible hose 12 and
the connections between such hose and the ram
cylinder {1 and pump housing 7, the main con-
trol valve will remain in its unloading position
until the fulerum of lever {21 is shifted by
actuation of manual control lever 133. TUnder
these conditions the hydraulic ram unit {{ will
remain in its extended weight lifting position
but if for any reason the pressure in manifold
space 37 should decrease below that necessary
to hold ball valve 64 and cylindrical relief valve
65 in their passage opening positions (note Fig.
7), these valves will close the relief passage
means §2 and as the liquid drains from the space
ahead of piston &1, the spring 84 will move the
piston and control rod 82 to the left thus re-
positioning the main control valve 102 to con-
nect all pumps with the check valve control pas-
sages §8 leading to manifold space 37, this initial
position of the main control valve being deter-
miped, 2s previously indicated, by the position of
manual control lever {323.

“However, if with the control valve {02 in either
its full lift or unloading positions previously de-
scribed it becomes desirable to lower the weight,
all that has to be done is to-move manual control
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lever {33 in a direction effective o shift the ful-
crum for lever 121 away from cover plate 89 a
distance sufficient to permit spring 1i2 to move
‘the main control valve 102 to the right until the
enlarged end portion 109 thereof engages cover
plate §0 as shown in Fig. 8. This position, termed
the lowering position of the valve, places the
discharge sides of all pumps and the ram relief
passage means 45-and 99 in communication with
return passages 48 and 49 which in tura are in
continuous communication with the main return
passage means 47. Under these conditions lquid
rapidly drains from the ram circuit, the ram
piston moving to its refracted position through
gravity action of the weight or other means
actuated thereby. In other words, if the weight
were to be considered as representing an. agri-
cultural implement or other load, movement of
the valve 102 to its lowering position rapidly
drops the implement onto the ground. If, how~
ever, it is desired to gradually lower-the weight
or implement onto the ground, this can be read-
ily accomplished simply by moving the main con-
trol valve 182 so as to just barely open the pas-
sage means 99 placing the ram relief passage 45
in communication with the return passage means
49 and 41. And if in this connection it should be
desired to place all pumps-in communication
with the return passage means 47 through pas-

sages &8 and yet retain the ram in its extended .

position, this can be readily done by manually
shifting the fulerum of lever 121 so as to position
the main control valve 182 as indicated in Fig. 9.
When thus positioned, it will be seen that the
enlarged . portion (09 -of the cylindrical control

valve {82 closes the.transverse bore 99 placing

the ram relief passage. in communication with
the return passage means 49 and 47, .

It should also be obvious that .in addition to
the various positions of the main control .valve
102 hereinbefore described, the valve may be also
positioned by a manual shifting of the fulcrum
for lever 121 so as to, if desired, effect a ram
expanding action by connecting the discharge
sides of two or more pumps with the check valve
control passages 38 connecting same with mani-
fold space 87. And while it is normally intended
that the enlarged -eylindrical portions of the
main control valve 181 will be positioned so'as to
either open or close the radially extending trans-
verse botres or passages placing the circumferen-
tial external grooves in communication with the
interior of ‘the valve chamber formed by the
liner sections, it should be obvious that the valve
elements may be positioned so as to only par-
tially. open ‘one or more transverse passages.
Furthermore, it should be apparent that while
the particular arrangement of the passages and
valve: elements herein shown for purposes of
illustration constitutes a preferred embodiment
of the present invention, other arrangements
can be readily made as desired simply by chang-
ing the actual spacing of the control passages,
circumferential grooves and/or the axial length
of the enlarged passage controlling -portions of
the valve elements.

Referring again to Figs. 2, 7, 8, and 9, 1t w111
be apparent that the position of valve 182 de-
termines whether the weight, implement or de-
vice connected with the ram unit is to be raised,
lowered or held in a selected position.and, if
the WEIO‘ht is being either raised or lowered, the
rate .of movement thereof. In addition, it
should be apparent that irrespective of the ra)te
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of lift, as soon as the pressure head on the pump

attains a predetermined value, the relief passage

loaded position shown in Fig. 7.
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means is immediately opened  through the co-
action of ball valve 64, cylindrical valve element
66, and piston 8i. Purthermore, if the lift po-
sition of valve 102 is such that more than one
plunger is delivering fluid to manifold space 317,
opening of the relief passage means results in an
immediate movement of this valve to. its un-
In any case,
once the relief passage means is initially opened
in response to -attainment of a pressure.suffi-.
cient to unseat ball valve 64, it is held open by

the then dominating action of cylindrical valve
element 66 thereby effecting a material reduc-

tion in pressure head, as previously described.

In the operation of hydraulic motors, and more
particularly ram wunits, a high initial pressure
is usually required to overcome the inertiz of
the load and/or effect a desired acceleration
thereof. And in order to rapidly effect a com-
plete power stroke, the capacity of the liquid
supplying pump must be such as to quickly
establish and maintain an effective pressure for
any rate of ram displacement. However, upon
completion of a load shifting or moving power
stroke, generally only a fraction of the -initial
pressure is required to retain the load in the
position to which it has been shifted. For exam-
ple the operation of a ram system such as here-
in disclosed, particularly - if applied to_various
types of agmcultural Jmplements may require
a power stroke pressure of as much or more.than
3500 pounds per square inch and a load retaining
pressure -of only 1200 pounds per square inch..
In addition, if it were possible to maintain perfect
seals, particular reference being had to the sedt-
ing of valves 39 and 44 and the sealing action
of the enlarged portion 109 of main valve section
186, operation of the pump means could be dis-
continued prov1d1ng ram operatlon is infrequent..
Usually, however, the ram is frequently opera,ted
and its operation is nearly. continuous when ap-
plied as a draft regulating device. Consequently,
the feature of effecting a reduction in pressure
head as previously pointed out is important in.
that it not only reduces pump load and heating,
both of which are detrimental to pump life, but it
also efficiently compensates for leakage and con-
ditions the system for an 1mmed1ate response.to .
load requirements. :

It should also be apparent ’chat the unloadmg .
of the pump be done quickly and automatically -
whenever a reduction in pressure head: is feasible
in order to minimize both operating and main-
tenance costs. This automatic rapid unloading
of the pump is readily achieved by apparatus-
embodying the invention and is an immnortant
feature for the reasons just stated .and for the
further reason that it eliminates the possibility .
of damage which might result from.failure -of
an operator to quickly effect the necessary regu-
lation. Still  another feature: of importance::
afforded by the unloading control herein: dis-
closed is that it eliminates the use of an accumu-
lating chamber for pressure .liquid in order -to.
maintain the system conditioned for -ready.re-
sponse to load requirements. - Consequently, this.
feature also lends itself to the construction and
use of a compact pump and control device. .

Thus far the valves 39 and 44 have been con~ -
sidered as sprmg biased check valves and no men-
tion has been made as to the degree of biasing.
action afforded by the springs associated there-
with. However, it should be apparent that the
pressure maintaining action afforded by these
valves may be varied as desired simply by the -
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selection of suitable springs. For example, the
strength of the spring associated with valve 44
may be such that this valve actually controls
the discharge of working fiuid from manifcld
space 3T or merely prevents o return flow of
liquid into manifold space 37 in the event the
pressure therein should become less than the
pressure in passage 41. And in applying appa-
ratus embodying the invention to the control of
a ram unit as herein disclosed, the valve 44 could
be omitted without materially affecting opera-
tion, since the primary function of this valve
is to prevent a pressure relieving back-flow of
liquid from the ram into manifold space 31.
Consequently, it should be obvious that although
certain advantages are afforded by the use of
back-flow preventing valves in the working fluid
passage means connected with a ram unit or
like device, the invention in its broad aspects
is applicable to any hydraulic apparatus utiliz-
ing a pressure maintaining pump and a valve
means selectively positionable {o-vary the volume
of pressure maintaining fluid discharged by the
pump. .

As to the advantages afforded by the inclu-
sion of check valves 39 and 44, it should be ap-
parent that when the rump unit is applied to
a draft regulating device valve 44 prevents the
relief mechanism from responding to pressure
surges or impulses transmitted to the system
whenever the ram .cperated by the pump unit
is subjected to a shock load. And, in the event
that valve 44 sticks in a passage cpening vosi-
tion, valves 39 provide protection for plungers
23 and parts associated therewith by preventing
the back pressure created by action of the shock
load on the system from reaching the plunger
chambers. Purthermore, should the pumn op-
erating means stop for any reason while control
valve 102 is in its lift or unlcaded position ball
valve 44 will seat itself and the fluid in the ram
and passage 41 will be locked therein preventing
the weight or implement being lifted by the ram
from drepping suddenly and causing possible
damage. . And, as previously mentioned, when
valve 162 is in hold position (Fig. 9) with no
pumps delivering to space 27 valves 39 prevent
any leakage past valve 44 from being trans-
mitted back through passage 38 to the plunger
chambers. In the last mentioned case, if valves
39 are biased sufficiently they will also serve to
keep fluid discharged from the pumps from
entering manifold 237 instead of flowing back
to the source by way of grooves 87, passages 95,
and return passage means 48. Also, when less
than all of the pumps are used for lifting, valves
39 are necessary to prevent a return flow of fluid
from. manifold 27 through those passages 38
which are in communication with return passages
48 through the interior of the valve chamber.

It will also be noted that the previously men-
tioned unloading feature is of additional advan-~
tage in the event the manual control is in lift
position and the ram is subjected to an excessive
load. In such event the pump continues to at-
tempt to lift the load until a predetermined maxi-
mum (unloading) pressure is built up in mani-
fold 37T at which instant the unloading and relief
mechanism in chamber 51 functions, as previous-
ly described, to relieve manifold 37 of excess pres~
sure fluid and also to reduce the number of
plungers 22 delivering to space 31. When the
excess load ceases to exist the pressure in pas-
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reduce the pressure in space 37 and permit the
ball valve and -piston assembly in unloading
chamber 51 to reseat itself. The return of the
unloading mechanism to a passage closing posi-~
tion causes control valve 102 to move back to a
full lift position and fluid is once more directed
to the ram. Thus, there is provided a relief
means which reduces the number of plungers
delivering to the manifold space as long as the
excess load exists and then automatically cuts
the plungers back into eccmmunication with the
manifold when the excess load disappears. This
feature is of considerable importance in reducing
the wear on the pump structure which otherwise
might be considerable, particularly when rela-
tively high pressure fiuid is being used in the
system.

And although the invention is illustrated as
applied to a muiltiple plunger pump-ram com-
bination, it is to be understood that certain of
the objects can be accomplished either with or
without the inclusion of a ram unit or other form
of hydraulic motor and that it is not intended
to limit the invention to the exact constructions
and combinations herein shown and described
as certain features thereof are of more general
application and as various modifications within
the scope of the appended claims may occur to
persons skilled in the art.

It is claimed and desired to secure by Letters
Patent:

1. In a hydraulic apparatus including a pump
means, means defining a valve chamber in con-
tinuous communication with said pump means
for receiving pressure fluid therefrom, a fluid re-
turn passage means communicating with said
valve chamber, snd a working fluid passage means
communicating with said valve chamber and with
said return passage means through inlet and re-
lief valves respectively of a nature operating to
maintain the fluid confined therein at a prede-
termined working pressure, and including a con-
trol valve in said chamber positionable to selec-
tively connect said pump means with either said
working fluid passage means or said return pas-
sage means, or with both, the combination of an
unloading control comprising a part responsively
associated with said relief valve and being opera-
tively connected with said control valve so as to
move the latier to a position wherein less fluid
is delivered to said confining space in response
to a pressure relieving actuation of said relief
valve,

2. In a hydraulic apparatus including a source

‘of fluid, a plurality of pumps, means defining a

valve chamber in continuous communication
with said pump means for receiving pressure fluid
therefrom, a return passage means placing said
valve chamber in communication with said
source, and a pressure fluid confining space hav-
ing a valve controlled outlet for working fluid
and communicating with said valve chamber and
with said source of fluid through inlet and relief
passage means including check valves controlling
the flow of fluid therethrough, and including a
control valve. in said chamber selectively posi-
tionable to connect one or more of said pumps
with said inlet passage means and the remaining
pumps, if any, with said return passage means,
the combination of a relief and unloading means
comprising a part associated with said relief pas-
sage means and movable in response to fiuid pres-
sure exerted thereon as a result of movement of
the relief passage check valve to a position estab-
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lishing a flow of fluid therepast, and means opér-
ably connecting said part with said control valve
so that movement of the former results in move-
ment of the latter to a position preventing. the
flow of fluid between one or more of said pumps
and said working fluid passage.

3. In a hydraulic apparatus including a pump
means, means defining a valve chamber receiv-
ing pressure fluid from said pump means, a fluid
return passage means communicating with said
valve chamber, and a working fluid passage
means communicating with said valve chamber
and. including check valves therein biased to
establish a pressure fluid confining space there-
between, and including a valve in said chamber
manually positionable to selectively connect said
working and return passage means jointly and
severally with the discharge side of said pump
means, the combination of a pressure relief and
unloading control comprising a relief passage
means placing said pressure fluid confiining space
in communication with said return passage
means, and means controlling flow of fluid
through said relief passage means and including
‘g, part operatively connected with said valve, said
means initially responding to attainment of 'a
predetermined high pressure in said fluid con-
fining space to open said relief passage means
and move said valve to a pump unloading posi-
tion wherein less fluid fiows into said confining
space, and then operating in response to a rela-
tively low pressure in said confining space to
maintain said relief passage means open for flow
of fluid therethrough and said valve in its said
pump unloading position. ’

4. In a hydraulic apparatus including a pump
means, means defining a valve chamber receiv-
ing pressure fluid from said pump means, a fluid
refurn passage means communicating with said
valve chamber, and a working fluid passage means
communicating with said valve chamber and in-
cluding check valves therein cperative to estab-
lish a pressure fluid confining space therebe-
tween, and including a valve in said chamber
manually positionable to selectively connect said
working and return passage means jointly and
severally with the discharge side of said pump
means, the combination of a pressure relief -and
unloading control comprising a relief passage
placing said pressure fluid confining space in
communication with said return passage means,
a flow control means for said relief passage in-
cluding a first portion of small area subjected
to the pressure in said fluid confining space and
a second portion of considerably larger area
which is subjected to the pressure in said fluid
confining space as a result of said first portion
moving to its passage opening position, and ad-
ditional means operatively connected with said
valve to move same as a result of a movement
of said flow control means to its passage opening
position, said flow control and additional means
initially operating in response to attainment of
a predetermined high pressure in said working
fluid passage means to open said relief passage
and move said valve to a pump means unloading
position wherein less fluid flows into said fluid
confining space, and then operating in response
to a relatively low pressure in said working fluid
passage means to maintain said relief passage
means open for flow of fluid therethrough and
said valve in its said pump means unloading po-
sition. :

5. In a hydraulic apparatus including a plu-
rality of pumps, means defining an intake pas-
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sage for said pumps, a valve housing severally

communicating with the discharge sides of said

pumps, - a fluid ‘return passage means in com-

munication with said valve housing, a working

fluid’ passage means communicating with said

valve housing and including valves establishing

a pressure fluid confining space, and a pressure

relief passage means placing said pressure fluid

confining space in communication with said re-
turn passage means, and including a control valve
in said housing positionable to selectively con-

nect the discharge sides of said pumps with said

working and return passage means or with either

said working passage means or said return pas-

sage means, the combination comprising means

confrolling the flow of fluid through said relief

passage and including a. part operatively con-

nected with said control valve, said means oper-

ating in response to attainment of ‘a predeter-

mined pressure in said pressure fluid confining

space to open said relief passage and move said

control valve to a position wherein one or more

of the pumps is prevented from delivering fluid

to said confining space. Co

© 6. A hydraulic apparatus comprising-a source
of fluid, a plurality of pumps, means defining an

intake passage placing said pumps in continuous

communication with said source, a valve chamber

severally communicating with the discharge sides

of said pumps, a first return passage means plac-

ing said valve chambeér in communication with

said source, a manifold space, a plurality .of sepa--
rate passages,-one for each pump, connecting said

valve chamber with said manifold space, a valve .
controlled outlet to. said manifold space; and a

second return passage means placing said mani-

fold space- in communication with said source,

a confrol valve in said -chamber selectively posi-

tionable to connect one or more of said pumps

with -said separate passages and the remaining -
pumps with said first return passage means, an
additional control for said pumps including a
movable .element controlling the flow of fluid
through said second return passage means and .
operative in response to attainment of a prede- -
termined pressure in said manifold space to open:
said second return passage, and means operably
connecting said movable element with said con-
trol valve so that a passage opening movement -
of said element results in a movement of said
conftrol valve to a'position wherein a fewer num-
ber of said pumps are delivering fluid to said pres-
sure manifold.

7. In a hydraulic apparatus comprising a source
of fluid, a plurality of pumps, means defining an
intake passage placing said pumps in communi-
cation with said source, a valve chamber, pump
outlet passages severally connecting said pumps
with said valve chamber; a fluid return means
connecting said valve chamber with said. source
of fluid through a first group of passages con-
forming in number and generally related to said
pumps, g manifold space communicating with
said valve chamber through a second group of
check valve confrolled passages conforming in
number and generally related to said pumps, a
valve controlled ocutlet to said manifold space,
and defining a relief passage means placing said
manifold space in communication with said

source, and comprising a control valve in said : -

chamber positionable to selectively severally con~
nect one or more of said pumps with one or more
of said first group of passagesor with one or more
of said second group of passages, the combination
of a pressure relief and unloading control in=
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cluding an element movable in response to at-
tainment of a predetermined pressure in said
manifold space to open said relief passage means
for the flow of fluid therethrough, and including
means connected with said control valve and op-
erating as a result of a passage opening move-
ment of said element to move said control valve
to a position wherein one of said pumps continues
delivering pressure fluid to said manifold space
and the remainder of said pumps are prevented
from discharging fluid into said manifold space
and deliver fluid to the related passages of said
first group.

8. In a hydraulic apparatus comprising a source
of fluid and parts constructed and combined to
operatively house a plurality of pumps and define
an infake passage means placing said pumps in
continuous communication with said source, a
control valve chamber severally communicating

with the discharge sides of said pumps, return ¢

passage means placing said control valve cham-
ber in communication with said source of fluid,
a pressure manifold communicating with said
control valve chamber through passages each in-
cluding a pressure maintaining valve therein,
said passages conforming in number and being
generally related to said pumps, a valve con-
trolled outlet means for said pressure manifold,
o control valve in said chamber selectively po-
sitionable to place all of said pumps in com-
munication with said return passage means or
to place one or more of said pumps in communi-
cation with its related passage leading to said
pressure manifold, and comprising g relief pas-
sage means placing said pressure manifold in
communication with said return passage means,
the combination of a control for said relief pas-
sage means including an element movable in re-
sponse to attainment of a predetermined pres-

sure in said manifold to open said relief passage 2

means for the flow of fluid therethrough, and
means connecting said movable element with said
control valve for effecting a pump unloading
movement of the latter in response to a pressure
produced movement of the former.

9. A hydraulic device comprising a housing
operatively enclosing a pump means and includ-
ing therein an intake passage means for said
pumnmp means, a valve chamber in communication

with the discharge side of said pump means, a j

fluid return passage means in communication
with said valve chamber, 2 manifold space, a first
passage means placing said manifold space in
communication with said valve chamber, an out-
let passage for said manifold space, said first
passage means and outlet passage including
valves controlling the admission and discharge
of pressure fluid into and cut of said space, re-
cbectively, a control valve in said chamber po-
sitionable to selectively connect the discharge
side of said pump means with said first and re-
turn passage means or with either said first
passage means or said return passage means, an
additional control for said pump means compris-
ing a second passage connecting said manifold
space with said return passage means and an
element controlling the flow of fluid through said
second passage, said element moving to its pas-
sage opening position in response to attainment
of a predetermined pressure in said manifold
cpace, and means connected with said control
valve and with a portion of said second passage
in downstream relation with respect to said ele-
ment, said last mentioned means including parts
operative in response to the presence of pressure
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fluid in said second passage portion to move said
control valve to a position wherein less fluid
flows into said manifold space.

10. A hydraulic device comprising a housing
operatively enclosing a pump raeans and includ-
ing therein an intake passage means for said
pump means, a valve chaimmber in communica-
tion with the discharge side of said pump means,
a fluid refurn passage means in cormmunication
with said valve chamber, a manifold space, a
first passage means placing said space in com-
munication with said valve chamber, an outlet
passage for said space, said first passage means
and outlet passage including check valves biased
to control the admission and discharge of pres-
sure fluid into and out of said space, respectively,
a control valve in said chamber positionable to
selectively connect the discharge side of said
pump means with said first and return passage
means or with either said first passage means or
said return passage means, an additional con~
trol for said pump means comprising a second
passage connecting said manifold space with said
return passage means gnd an element controlling
the flow of fuid through said second passaze, said
clement moving to passage opening position in
response to attainment of a predetermined pres-
sure in said manifold space, and means operative-
ly connecting said movable element with said
control valve so that a passage opening move-
ment of said element results in a movement of
said contrel valve to a position wherein less fluid
flows into said manifold space.

11. A hydraulic device comprising a housing
operatively enclosing a pump means and includ-
ing therein an infake passage means for said
pump means, 2 valve chamber in communication
with the discharge side of said pump means, a
fluid return passage means in communication
with said valve chamber, a first passaze means
communicating with said valve chamber, a con-
trol valve in said chamber nositionablie to selec-
tively connect the discharge side cf said pump
means with said first and return passage means
or with either said first passage means or said
return passage means, said first passage means
including check valves disposed in series flow
relation therein and biased to contrcl the ad-
mission and discharge of pressure fluid into and
cut of the space between said check valves, an
additional control for said pump means compris-
ing a second passage connecting said space with
said return passage means and an element con-
trolling the flow of fluid through said second pas-
sage, said element moving to passage opening
positicn in response to attainment of a predeter-
mined pressure in said space, and ineans con-
nected with said confrol valve and with a por-
tion of said second passage in downstream rela-
tion with respect to said element, said last men-
tioned means including parts coperative in re-
sponse to the presence of pressure fluid in said
second passage portion to move said control valve
10 a position wherein less fluid flows into said
space between said check valves.

12, A hydraulic device comprising a housing
operatively enclosing g pump means and includ-
ing therein an intake passage means for said
pump means, a valve chamber in communication
with the discharge side of said pump means, a
fluid return passage means in communication
with said valve chamber, a manifold space, a
first passage means placing said manifold space
in communication with said valve chamber, an
outlet passage for said manifold space, said {irst
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: passage means and outlet passage-including check
valves therein, a control valve in said chamber
positionable to selectively connect the discharge
-side of said pump means with said first and re-
turn passage means or with either said first pas-
sage means or said return passage means, an
additional control for said pump means com-
prising a second passage connecting said mani-
fold space with said return passage means, and
means controlling the flow of fluid through said
second passage and including a part operatively
connected with said control valve, said means op~
erating in response to attainment of a predeter-
‘mined pressure in said manifold space to open
-said second passage and move said control valve
to a position wherein less fluid ﬂows into said
manifold space.

13. In a hydraulic apparatus including a pump
means, means defining an intake passage for said
‘pump means, a valve housing in communication
with the discharge side of said pump means, and
defining a fiuid return passage means in com-
munication with said valve housing, a hydraulic
motor communicating with said valve housing
through a working fluid confining passage means;
for relieving fluid pressure on said motor com-
prising passage means including a portion of said
valve housing, and including & valve in said hous-
ing positionable to selectively connect the dis-
charge side of said pump means with said work-
ing fluid and return passage means or with either
sald working fluid passage means: or with ‘said
return passage means, said valve, when moved to

‘& position wherein all fluid discharged from said
‘pump means is delivered to said return passage
‘means, being further movable to:also place said
motor relieving passage means in communieation
with said’ return passage means, and a further
control for said pump means operative when said
‘valve is positioned so as to attain a high pressure
in said working fluid passage means, said further
control comprising means defining a relief pas-
sage placing said working fluld passage means in
comminication with said return passage means,
and additional means controlling the flow of fluid
through said relief passage and operatively con-
nected with said valve, said additional means
‘operating in response to attainment of a prede-
termined pressure in said working fluid passage
means to open said relief passage and move said
valve to a position wherein less fluid flows into
said working fluid passage means, and also oper-
ating in response to a failure of pressure in said
working fluid passage means to effect a return of
sdid valve to its initial high pressure attaining
posn:ion

14. A hydraulic -éontrol device comprising a
housing having a main inlet passage adapted for
communication with a source of liquid, a plu-
rality of pumps within said housing, said housing
including inlet passages severally connecting said
pumps with said main passage, a cylindrical valve
chamber, a first group of passages severally con-
necting the discharge sides of said pumps with
said valve chamber, a return passage means com-
municating with said source, a second group of
passages placing said valve chamber in com-
munication with said return passage means and
conforming in number and generally related to
said pumps, a pressure fluid confining space hav-
ing a check valve controlled outlet, -said space
being in. communication with said valve cham-
per through a third group of check valve con-
trolled passages conforming in number and gen-
erally related to-said pumps, an annular grooved
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- eylindrical control valve in said valve chamber

selectively. positionable to connect one or more
of said pumps with said fluid -confining- space
through related ones of said third group of pas-.
sages and the remaining pumps, if any, with said
return -passage means through related ones-of
said second group of passages, & separate means
for relieving the pressure head on one or more of
said pumps comprising an auxiliary passage plac-
ing said pressure fluid confining space in com-
munication with said return passage means and
an element controlling the flow of fluid through
said auxiliary passage, said element being mov-
able to open said auxiliary passage in response to
attainment of a predetermined pressure in said
manifold, and linkage means operably connect-
ing said movable element with said control valve
so that a passage opening movement of said ele-
ment results in a movement of said control valve

.to a position wherein a fewer number of said

pumps are delivering fluid to said pressure con-
fining space.

15. ‘A hydraulic apparatus comprising-a -hous-
ing having a main inlet passage adapted for com-
munication with a source of fluid, a plurality-of
pumps within said housing, said housing- includ-
ing inlet passages severally connecting said pumps
with said main passage, a cylindrieal valve cham-
ber, a first group of passages severally connecting
the discharge sides of said pumps with said-valve
chamber, a bypass duct in said housing arranged
to return fluid to said source, a second group of
passages placing said valve chamber in communi-
cation with said bypass duect and conforming in
number anhd generally related to said pumps, and
a pressure fluid confining space having a check
valve controlled outlet, said space being in'com-
munication with said valve chamber through-a
third group of check valve controlled passages
conforming in number and generally related to
said pumps, a hydraulic. motor connected with
said check valve controlled outlet, means for re-
lieving fluid pressure on said motor comprising
passage means including a portion of said valve
chamber, an annular grooved cylindrical control
valve in said valve chamber selectively position-
able to selectively severally connect one or more
of said pumps with said bypass duct through said
second group of passages and the remaining
pumps; if any, with said pressure fluid confining
space through said third group of passages, said
control valve when moved to a position severally
corinecting all of said pumps with said bypass
duct being further movable to also place said
motor relieving passage means in communication
with said bypass duct, a separate means for re-
lieving the pressure head on one or more of sdid
pumps comprising, in said housing, an additional
passage means placing said pressure fluid con-
fining space in communication with said bypass
duet and an unloading valve chamber communi~
cating with said passage means, a check valve and
piston assembly disposed in- said unloading valve
chamber and controlling communication with
said fluid confining space, said assembly mov- -

.ing in response to attainment of a predetermined

pressure in said fluid confining space to place
portions of said unloading valve chamber on op-
posite sides of said assembly in communication
with said fluid confining space, a spring biased
piston disposed in said unloading valve chamber
in spaced relation to said assembly and movable
in response to pressure fluid entering the space
therebetween. and means operably connecting.
said spring biased piston with said control valve
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“so that movement of the former results in move-
ment of the latter to a position wherein only one
of said pumps is delivering fiuid to said.fluid con-
fining space. '

16. In a hydraulic apparatus including a
source of fluid, a plurality of pumps, means de-
fining intake passages adapted to connect said
pumps with said source of fluid, pump outlet
passages, & valve chamber communicating with
said outlet passages, a return passage means
connected with said valve chamber and adapted
to conduct fluid to said source, and a working
fluid passage means communicating with said
valve chamber and including valves operative to
establish a pressure fluid confining space there-

- between, and including a control valve in said
-cha,mber operable to place one or more of said
pumps in communication with sald working fluid
passage means and the remaining pumps, if any,
in communication with said return passage
means, an additional control comprising means
defining a pressure relief passage communicat~
ing with said fluid confining space, and an un-
loading chamber communicating with said relief
passage and with said return passage means, a
check valve and piston gassembly disposed in said
unloading chamber and controlling ceremunica-
tion with said fluid confining space, said assem-
bly moving in response to attainment of a prede-
termined pressure in said fluid confining space
to place portions of said chamber on opposite
sides of said assembly in’ communication with
said space, a spring biased piston disposed in said
chamber in spaced relation to said assembly and
movable in response to pressure fluid entering
the space therebetween, said biased piston con-
trolling communication between said unloading
chamber and said return passage means, and
means: operdbly connecting said spring blased
pistorr with said control valve so that movement
of the former results in movement of the latter
to a position wherein only one of said pumps
is- delivering fluid to said fluid confining -space
and the remaining pumps are delivering fluid to
sald return passage means.

17. In g hydraulic apparatus including a source
of fluid, a plurality of pumps, means defining a
valve chamber receiving pressure fluid from said
pumps, a return passage means placing said valve
c¢hember in communication with said source, and
a first passage means communicating with said
valve chamber and including valves establishing
a pressure confining space therebetween, and in-
cluding a control valve in said valve chamber
selectively positionable to connect one or more
of said pumps with said first passage means and
the remaining pumps, if any, with said return
passage means, the combination of a relief and
unloading means comprising a relief passage
placing said fluld confining space in communica-
tion with said source, a first part controlling the
flow of fAluid through said relief passage and mov-
able in response to an excess of pressure in said
fluid confining space, a second part dispcsed in
flow-~-confrolling down-stream relation with re-
spect to said first part and movable in response
to fluid pressure exerted thereon as a result of a
movement of said first part to a position estab-
lishing a flow of fluid therepast, and a linkage
operatively connecting said second part with said
control valve so that mevement of said second
part results in a movement of said control valve
to a position wherein the fluid discharged from
one or more of said pumps is prevented from
flowing into said

fluid confining space and flows:

(>3

10

30

40

e

GO

0

-1

75

20
through said return passage means and back. to
said source.

18. In a2 hydraulic apparatus ha,vmv a sourc\,
of liquid, a plurality of pump in communication
with said source, a.pressure fluid confining space,
a fluid return passage means, and having a valve
selectively positionable to conhect one or mere of
said pumps with said pressure fluid confining
space and the remaining pumps, if any, with said
return passage means, the combination of a re-
lief and unloading means comprising an unlocad-
ing chamber communicating with said fluid con-
fining space and with said return passage means,
a check valve and piston assembly disposed in
said unloading chamber and controlling the flow
of fluid therethrough, said assembly moving in
response to attainment of a predetermined pres-
sure. in sgid fluid confining space to place: por-
tions of szid chamber on opposite sides of said
assembly in communication with said srace, a
spring biased piston disposed in said chamber in
spaced relation to said assembly and movable in
response to pressure fluid entering the space

‘therebetween, and means operably ccnnecting

said spring biased piston with said control valve
so that movement of the former results in move-
ment of the latter to a position wherein only one
of said pumps is delivering fluid to ua—ld pressure
manifold.

19. In a hydraulic apparatus havmg a- source
of liquid, a plurality of pumps in communication
with said source, a pressure fluid confining space,
a fluid return passage means, and having o valve
selectively positionable to connect one or more of
said puinps with said pressure- fluid confining
srace and the remaining pumps, if any, with said
return passage means, the combination of a re-
lief and unloading means comprising an unload-
ing chamber communicating with said fluid con-
fining space, a first part of said chamber includ-
ing therein a check valve and piston assembly op-
erative to move to a position for- flow of fluid
therepast in response to attainment of a prede-
termined pressure in said fluid confining space.
a second part of said chamber communicating
with said first part and with said return passage
means, 2 spring biased piston disposed in said
second part and movable in response to fluid
pressure exerted thereon as a result of movement
of said assembly to 2 position establishing a flow
of fiuid therepast, and means operably connect-
ing said spring biased piston with said control
valve so that movement of the former results in
movement of the latter to a position wherein only
one of said pumps is delivering fluid to said fluid
confining space.

20. In a hydraulic apparatus having a source
of liquid, a plurality of pumps in communication
with said source, a pressure fluid confining space,
a fiuid return passage means, and having a valve
selectively positionable to connect one or more
of said pumps with said pressure fluid confining
space and the remaining pumps, if any, with
said return passage means, the combination of
a relief and unloading means comprising an un-
loading valve chamber communicating with said
pressure manifold and said return passage
means, a check valve and piston assembly dis-
posed in g first portion of said chamber and con-
trolling the flow of fluid from said manifold to
said source and movable in response to an excess
of pressure in said manifold, a spring biased
piston disposed in a second portion of said cham-
ber in spaced relation to said assembly and con-
trolling communication. between said unloading
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valve chamber-and ‘said- return:-passage means,
said- piston being movable-in response to fluid
pressure exerted thereon as a result of a move-
ment, of said first part to a position establishing
a flow of liquid.therepast, and a.lihkage opera-
tively connecting said spring biased piston.with
said control valve so that movement of said piston
‘results in.a movement of said control. valve -to
a position, wherein the fluid disecharged from one
or more.of said pumps is prevented from. flowing
into said fluid confining space and flows through
said return passage means and back to said
source. ' i

21. In g hydraulic apparatus including a pump
means, means defining an intake passage for said
pump means, a valve housing in communication
with the discharge side of said pump means, a
fluid return passage means in communication
with said valve housing, a pressure maintaining
working fluid passage means communicating with
said valve housing, and defining a pressure relief
passage means placing said working fluid passage
means in communication with said return pas-
sage means, and including a valve in said housing
positionable to selectively connect the discharge
side of said pump means with said working and
return passage means or with either said work-
ing fluid passage means or said return passage
means, the combination comprising additional
means controlling the flow of fluid through said
relief passage means and including a part opera-
tively connected with said control valve, said
means operating in response to attainment of a
predetermined pressure in said working -fluid
passage means to open said relief passage means
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20.
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and move said control valve to a position wherein

less fluid flows into said working fluld passage

means.

22. In g hydraulic apparatus including a pump ‘

means, means defining an intake .passage for
said pump means, a valve housing in communi-
cation with the discharge side of said pump
means, g working fluid confining passage means,
and defining a fluid return passage means in
communication with said valve housing, a hy-
draulic motor communicating with said valve
housing through said working fluid confining
passage means, and including a valve in said
housing positionable to selectively connect the
discharge side of said pump means with said
working fluid and return passage means or with
said working fluid passage means so as to attain
a high pressure in said working fluid passage
means, the combination comprising means de-
fining a relief passage placing said working fluid
passage means in communication with said re-
turn passage means, and an additional means
controlling the flow of fluid through said relief
passage and operatively connected with said
valve, said additional means operating in re-
sponse to attainment of a predetermined pressure
in said working fluid passage means to open said
relief passage and move said valve to a position
wherein less fluid flows into said working fluid
passage means.

23. In g hydraulic apparatus including a pump
means, means defining a valve chamber receiving
pressure fluid from said pump means, a fluid
return passage means communicating with said
valve chamber, and a working fluid passage

means communicating with said valve chamber,

check valves operatively associated with said
working fluid passage means so as to maintain
the working fluid confined therein at a pressure
less than a predetermined value, and including
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‘& valve :in’ said -chamber manually positiona,bre

sturn

to- selectwely connect- said’ workmg and ‘]

-passage -means jointly and severally withithe
“discharge side of -said- pump means, the. eom-~
‘bination of-a pressure relief and unloading-con-
“trolcomprising: a' relief passagé€ means -placing
‘sald-working fluid passage means in communica-
tion with said returnh passage means, and meéans
-controlling flow of fluid through said rélief pas-

sage means and including a part operatwely on-

‘nected with said valve, said ‘means operatmg in

response to attainment of said: predeternnned
value of working fluid pressure to open said: elef
passage and move said valve to a position wherein
less fluid i5-delivered to-said working fluid pas-
sage means.

24. In a hydraulic apparatus including a pump
means, means defining an intake passage for said
pump means, a valve housing in communication
with the discharge side of said pump means, a
working fluid confining passage means, and de-
fining a fluid return passage means in communi-
cation with said valve housing, a hydraulic motor
communicating with said valve housing through
said working fluid confining passage means, and
including a valve in said housing positionable to
selectively connect the discharge side of said
pump means with said working fluid and return
passage means or with said working fluid passage
means so as to attain a high pressure in said
working fluid passage means, the combination
comprising means defining a relief passage
placing said working fluid passage means in
communication with said return passage means,
and additional means controlling the flow of fluid
through said relief passage and operatively con-
nected with said valve, said additional means
initially operating in response to attainment of
a predetermined high pressure in said working
fluid passage means to open said relief passage
and move said valve to a position wherein less
fluid-flows into said working fluid passage means,
and then operating in response to a relatively
low pressure in said working fluid passage means
to maintain said relief passage open for flow of
fluid therethrough and said valve in its said posi-
tion wherein less fluid flows info said working
fluid passage means.

25. In a hydraulic apparatus including a pump
means, means defining an intake passage for said
pump means, a valve housing in communication
with the discharge side of said pump means, and
defining a fluid return passage means in com-
munication with said valve housing, a hydraulic
motor communicating with said valve housing
through a working fluid confining passage means,
and including a valve in said housing position-
able to selectively connect the discharge side of
said pump means with said working fluid and
return passage means or with said working fiuid
passage means so as to attain a high pressure
in said working fluid passage means, and a fur-
ther control for said pump means comprising
means defining a relief passage placing said
working fluid passage means in communication
with said return passage means, a flow control
means for said relief passage including a first
portion of small area subjected to the pressure
in said working fluid passage means and a second
portion of considerably larger area which is sub-
jected to the pressure in said working fluid pas-
sage means as a result of said first portion mov-
ing to its passage opening position, and addi-
tional means operatively connected with said
valve to move same as a result of a movement
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of said flow control means to its passage opening
position, said flow control and additional means
initially operating in response to attainment of
a predetermined high pressure in said working
fluid passage means to open said relief passage
and move said valve to a pump means unloading
position wherein less fluid flows into said work-
ing fluid passage means, and then operating in
response to a relatively low pressure in-said
working fluid passage means to maintain said
relief passage means open for flow of fluid there-
through and said valve in its said unloading
position.

WALTER F. STREHLOW.
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