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This: invention. relates: to improvements- in: hydraulic
pumping: systems: and: partlcularly to: an improved: hy-
draulic pump of:the reciprocating piston ‘type.

In: thé: pumping: oft an: hydraulic. liquid; normally: oil;
the:hydraulic-energy. of ‘the liquid-is-normally: converted
in aslarge.part-to heat - somewhere in the hydraulic system
causing heating ofthe hydraulic liquid:

There :are: many instances where such heat:is extremely
undesirable. such as in:precision machine tools:where:the
heat causes expansion giving:rise to .errors.

As:explained i my co-pending. application:Serial: No.
332,205, filed: January. 26;. 1953, I have discovered that
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if: a: compressed:: gas. is: udilized; to' impart the: hydraulic -

energy:tasthe:liguid; theigasiupon-being expanded-affords
a; cooling:effect: which- may: be: used: to: balance: out the
heating of the oil.

Thig: cooling effect:is obtained" by expanding:the. gas
at: the: expensen of1its: enthalpy: or: internal: heat enérgy,
and uuhzmg the:heat of the oil:fo restore the-gas-enthalpy
to give an overall isothermal gas expansion:

Irhave: discovered:that if:the.entire hydraulic energy
of the:liquid-or «oil is .converted :into heat; as for instance
by throttling, thie cooling:effect: provided: by the: expan-
sion:ef:the gas will exactly balance out:this-heat together
with: the:heat:losses:in:the. pump itselfs. This:expansion
occurs against.the moving.: member: of :the:-motor section
of :the; pump:. in: the: early: cut-off: type of motor; i e.
where.- the: air -inlet of ‘the: motor- section’ of the: pump
closes:shortly: after the: movable.member:has begun its
power.-stroke - after: which: the. air. expands:against” the
member until;the:end of ‘the stroke where-exhaust takes
place.:

Where ithe:air inlet-remains:open until‘the:end of#the
power:stroke. in:reciprocating late cut-off types-of -motérs
then-the expansion-occurs-at exhaust:

Where :only-a:portion -of! the - liquid+ hydsaulic. energy:
is:convertedinto :heat,.of :courss; only+a:portion-ofthe
cooling.-energy: may-be: transferred ‘to-the:liquid: toex-
tract the heat therefrom.

Although: there are many different- forms-of ‘hydraulic
drives:and ;pumps, the-reciprocating: piston:type-of ‘drive
or-pump..is -particularly: desirable. because of: its -high
pumping: efficiency and-low: manufacturing -costs.

The:principal ‘objéct of ‘this invention:- is:therefore to
provide an arrangement of a-compressed ‘gas driven liquid
hydraulic. pump:of- the : reciprocating. piston -type -which
will ‘previde for.the- extraction .of  the ‘heat- from - the
liquid by expansion. of ‘the.driving gas.

A further important object is to incorporate-the:com=
pressed gas motor-and. liquid pump -into-a- singlé-simplé
unit which’ will'provide a substantially- constant pressure
liquid.-flow:and: will be: free-fromstalling.

Still .a - further: object is to: provide-a pump as:afére:
said-which’ will:'be economical on. air  consumption, ‘and:
will -afford :minimum friction-and. weaz toi:provide-léng
life, dependable .operation:

The principal feature .of the.invention resides in-driving.

an: arrangement :of :reciprocating -liquid: pumping :pistons

30

40

45

50

55

60

65

70

2
by: means: of an-arrangement of reciprocating compressed
ait- driven pistons; and utilizing: the heat generated: ify
the oil to-restore the enthialpy of the- compressed: air 1ost
as- it i§- expanded against the: atmosphere:

More specifically the liguid: pumping and air diiven
pistons-are-arranged‘in-the same-unit and: a- wabble plate
is-utilized to effect: a-drive-from- the air driven pistons to
the pumping- pistons:

A further important- féature resides in- arranging the
cylinders in:which-the -aif-and:liquid: pistons operate:in
symmetrical® interspersed- relation in the- same-Block: or
body of metal to provide intimate- uniform thermal: res
lation between- the liquid® pumping and” compressed: gas
systems.

More specifically- it-is- a- feature: to prov1de three: air
and oil cylindérs-and to-dispose: the- air cyhnders to-lie
alternately ‘between the oil‘cylindérstin a circle: with:both
sets+of  eylinders.having 120° spacing-and: sinewave- dis:
placement to minimize pressure flictuations and’to pres
clide the possibility of stalling.

A- further- ifnportant feature’ resides- in' providing* a
rotary disc-valve driven- by-the wabble -platé: to-control
the-compressed-air-and ‘liquid flow, - and floating - said ‘disc
valve- between-two ‘balaneihg- pressure: films- to- minimize
mechanical and ‘flzid: friction:

Still- a -further: féature: resides+ in- utilizing comprésséd
air leakage to return-theiliguid-of the hydraulic system- to
its reservoir and utilizing- pressure -liquid- leakage: to- 14+
bricate-its aif:system and’the-wabble plate:

Another feature residés-ist: geometrically -arranging: the
widbble: plate-so that'itg.axis intérsects: that- of ‘the*rotary.
valve shaft it-drives-fritsplane-ofi contact with the pistons
to. thereby reduce rubbing: of- the- wabble- plate’ against
the-ends of‘the piston-to:a minimumn:

These-and-'other objects-and-féatures will-become: ap-
parént from the following dvscription taken- in-reference
to-the- accompanymg -drawings in which:

Figure-1 is-a-mid-vertical ‘sectional view: illustrating &
gas-driven liquid ' pumyp- constructed in- accordance with
the-invention:

Figure 2'is-a viéw simildr-to Figure 1 but:illustrating.
the pump -parts-180°° out of phase with' the -pump parts
shownyin-Figure 1. :

Figure 3 is‘a’'sectional view on the line 3—3 of Figure-1.

Figure 4-is a‘sectional viéw onrthe-line 4-—4 of Figure 1:

Figure 5 is a sectional view on the line 5—5-of Figure-l
and Figure 6°is-a-section-on-the line 6-—6 of Figure- 1.

Figure -7-is-a fragmentary vertical sectional detail-il-
lustrating: somewhat -modified valving arrangement fér
a pump of'the type of Figures 1 and 2.

Figure 8 is-a-horizontal sectiopal view on ‘the line 8-=§
of Figure 77

Figure 9-'is a-schematic-didgram illustrating“a*simple
system-ineorporating ‘the: pump of Figures 1 and 2.

Figure: 10'is-a*sectional ‘detail ‘of the-air inlet valve-of
the system-of ‘Figure-7.

With reference to ‘Figures -1 and-“2 and-6, the body of
the -pump ~comprises -a-cylindrical block: 1-of ‘a suitable-
heat-conducting metal provided with a central bore 2 and
grouped- around- this -central- bore- in - symmetrical 120°
relation -with - thtee large-bores-3.;  Also formed in the
block 1-are bores-4 ofa -size reduced-from the bores ‘3,
and-these ‘bores 4 ‘are arranged in“symmetrical 120° ’rela-
tion" with a-smalii'bore 4 lying -alternately *between- the
large bores 3.

Mounted in each of the largebores'3 isa piston 5; while
mounted in-each-of the bores 4'is-a piston 6.

Secured to the -lower-end “of ‘the block' 1 is a cup-7
which-carries* &~ journal “8~in its lower end in"which is
journalléd a-shaft' 9 projecting through the ‘central bore-2’
of the:block.. Mounted-on:the-shaft 9 is-a-wabble: platé-
10:and ‘this:plate sis :adapted to: impart ‘& -rotational- thrust
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to the shaft 9 through a thrust type anti-friction bearing
11 seated on the inclined ledge 12 of a hub 13 keyed or
otherwise secured to the shaft 9.

The axis of the wabble plate 10, bearing 11 and the
cylindrical portion 14 of the hub surrcunded by the bear-
ing 11 are inclined to the axis of the shaft 9, the geometry
being such that the axis of the wabble plate intersects the
shaft in the plane of its face 15.

. To offset the eccentric mass on the shaft 9 consisting
of the wabble plate 18 and the hub portion 14 .the hub
has a portion 16 of opposite eccentricity to the portion 14,
and this portion carries an inclined ring 17 oppositely
inclined to and oppositely eccentrically leading the shaft
to the wabble plate 10 to effect both static and dynamic
balancing of the shaft.

- Mounted on the upper end of the shaft 9 between a pair
of discs 18 and 19 spaced by the ring 20 is a disc valve 21.
The valve 21 is free to float axially of the shaft 9 but is
driven by the shaft through the squared shaft tip 22,
Securing the discs 18 and 19 and the cup 7 in assembled
relation with the block 1 are a plurality of longitudinal
screw-threaded members 23.

As shown in Figures 1 and 2 and Figure 5, the lower
disc 18 is provided with three outer circumferentially
arranged arcuate slots 24 spaced at 120° relation which
are adapted to register with the large bores 3. A similar
set of arcuate slots 25 within the slots 24 are arranged to
register with the small bores 4. Between the sets of slots
the disc 18 is provided on its upper face with grooves 26
and 26’ ringing the slots 25, the groove 26 opening at 27
through the disc to the atmosphere.

As shown in Figures 1, 2 and 3, the upper disc 19 is
provided with an air inlet passage 28 and an air outlet
passage 29. The air outlet passage connects to an annular

collector groove 38 formed on the bottom face of the disc. ¢

Arranged radially within the air passages 28 and 29 is
an oil inlet passage 31 and an oil outlet passage 32, with
the inlet passage 31 connecting to a delivery groove 33
of annular formation.

Between these discs 18 and 19 operates the disc valve
21 which is spaced from the ring 20 to define an annular
delivery passage 34 in communication with the air supply
passage 28. The disc valve 21 is itself provided with a
pair -of circumferentially extending arcuate slots 35 and
38 with the slot 35 being in communication with the
annular passage 34 through ports 37 through the periph-
eral wall of the slot, and the slot 36 being in communica-
tion with the air outlet collector groove 30 through the
openings 38.

Arranged concentrically within the slots 35 and 36 are

a second pair of slots 39 and 49, the slot 39 opening
through the ports 41 to the annular oil delivery groove 33
and the slot 40 opening through the passages. 42 to a
central recess 43 in the upper face of the valve 21 in
communication with the central oil output passage 32.
. Between the sets of slots 35, 36 and 39 and 40 is an
annular groove 44 in the upper face of the disc valve 21
and this groove is in communication with the recess 43
through a passage 45, Figure 4, which incorporates a suit-
able oil filter 46. The purpose of this grcove 44 and the
grooves 26 and 26’ in the lower disc 18 will hereinafter
appear,

In operation air is delivered in the showing of Figure 1
through the air inlet 28 to the air delivery passage 34 and
thence through the poris 37 to the slot 35 which is in

communication with one of the lower disc slots 24 regis-

tering with the bore 3 at the left of Figure 1.

At the same time that the disc valve 21 provides -com-
munication for the air inlet to the interior of bore 3, as
above described, the right-hand bore 4 of Figure 1 is in
communication through one of the slots 25 in the lower
disc 18 and slot 49 in the valve disc 21, to the central
valve recess 43 and thence to the oil outlet 32 to deliver
oil being pumped by the right-hand piston 4 of Figure 1
to the hydraulic circuit in which the oil is being circulated.

<
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The air-operated pistons 5 each have a conical-like
lower end 47 which engages the face 15 of the wabble
plate 10. The pistons 5 are not only arranged in 120°
spacing but are in sine wave relation with respect to their
positions in their strokes as controlled by the wabble
plate 10 so that, as the piston 5 seen in Figure 1 starts
its downward travel, one of the other pistons 5 is
arriving adjacent the bottem of its stroke and is still in
communication with the annular air delivery passage 34
through the slot 35, The third piston will be moving
upwardly and will be in communication with the annular
collector groove 30 in the upper disc 19 which commu-
nicates with the air outlet 29 through the slot 36 in the
valve 21.

Similarly the pistons 6 are not only spaced in 120°
relation but are in sine wave relation with respect to their
position in their strokes. Like the pistons 5, the pistons 6
are formed with bevelled or conical lower ends 48 which.
engage the face 15 of the wabble plate with the angled
surfaces of these lower ends. The pistons 5 are forced
against the wabble plate under air pressure in a sine wave
relation so that the wabble plate is rocked or wabbled
and acts as a rotating wave but does not itself rotate.

The wabbling of the plate 10 however imparts a rota-
tive thrust to the shaft 9 through the thrust bearing 11 to
drive the shaft in its thrust bearing 8 and locating sleeve
49 to drive the disc valve 21.

The three smaller pistons 6 are held in engagement
with the face 15 of the wabble plate by springs 50, and
as one piston is pumping oil out through the outlet 32
the other pistons are successively drawing oil in through
the oil inlet 31 and delivery groove 33 by slot 39 in valve
21 and slot 25 in lower disc 18.

Because of their sinewave displacement and 120° spac-
ing the oil pistons 6 minimize pressure fluctuations and
the use of the three driving pistons 5 precludes the possi-
bility of stalling.

With the axis of the wabble plate 10 intersecting that
of the shaft 9 at the face 15 of the plate the rubbing of
the plate against the ends 47 and 48 of the pistons 5 and
6 respective is at a minimum and this thoroughly random
motion highly polishes the piston ends and face 15 so
that in time friction and wear tend toward zero.

With the disc type of valve 21 utilized being operated
adjacent the ends of the cylinders or bores 3 and 4, dead
air space at the ends of the cylinders is small and air
consumption is minimum. By having the disc valve 21
floating on the shaft 9 the fluid pressure against the cyl-
inder side of the valve is balanced by introducing high
pressure oil into the annular groove 44 through the pas-
sage 45. This groove 44 serves to prevent air under pres-
sure finding its way between the upper face of valve 21
and the upper disc 19 into the oil stream. Instead be-
cause of the higher pressure of the oil there is a small

3 leakage of oil into the air cylinders which serves as a

lubricant.

The grooves 26 and 26’ in the upper face of the lower
disc 18 also serve to prevent pressure air from seeping
between the bottom face of the valve disc 21 and the
lower disc 18. Groove 26 provides a ready path to the
atmosphere through the openings 27 for any air moving
radially inwardly beneath the disc. Groove 26’ is fed
with leakage oil from arcuate slots 25 when these are at
high pressure to provide a protective encircling reservoir

5 of oil to prevent air being sucked from groove 26’ into

slots 25 when these may be at less than atmospheric pres-
sure during the intake stroke of the pistons 6.

The pump is operated in a vertical position so that
leakage of oil past the pistons 6 flows down over the
wabble plate 18, through the ball bearings 11 and 8 and
back to the reservoir 51, Figure 9. This flow is main-
tained even though the reservoir is above the pump be-
cause the air that leaks past the pistons 5 forces the oil
from the bottom of the pump up to the reservoir.

Figure 2 illustrates the pump parts in 180° phase re-

L
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lauon from. their position in, Figure 1. The, wabble. plate
19 has been. wabbled, through 180° while the shaft 9 'has
been. rotated through, 180°. The posrtlon of the disc
valve ”1 is reversed from Figure, 1 and the lefts hand cyl-
mder or bore 3 is, in communication wrth the air exhaust
through the respectlve slots in the. Upper and lower discs
and the valve. 21, The right- hand cylinder or bore 4 is
in, commumcat1on wrth the. oil inlet 31 through the. re-
spective slots. of the upper, and lower disc and valve 21.

The: liguid, hydrauhc portron of the system comprised
by the. cylmders or bores 4 and the prstons 6, and the
entrances to and from such: cyhnders is in intimate ther-
mal contact with the compressed gas portron of the sys-
tem, comprised, by the cyhnders or bores 3, pistons 5
and entrances to and outlets from the bores 3 through
the block 1. and the. discs. 18, 19 and 21. As a result
the coolmg effect produced by the exhausting of the
gas, from the bores 3, that is, expandmg the gas-against
the, atmosphere absorbs the heat from the liguid or oil
whxch is pumped by the prstons 6.

The cooling results frorn a sudden expanslon of the
air in, the borés, 3, when the disc valve 21 is rotated to
cotnect the bores to the air outlet 29. Durmg exhaus-
tion of the cylinders or bores. the, air, remaining. behind
performs mechamcal Work at the expense, of its own in-
ternal heat energy or enthalpy, forcing the foregoing air
out through. the exhaust passage 29 against the latter’s
mertral resistance.

It may be shown that the loss of intérnal heat energy
exactly balances the hydrauhc energy imparted to the
011 and the ﬂu1d and friction losses in the pump when
such hqurd hydraulrc energy. is converted into heat by
throtthng or other energy. dJssrpatmg means represented
by the throtthng valve 52'in the circuit, of Frgure 9.

Slnce thers rnust be drop in temperature in the exhaust
air 1ssu1ng from. the cylinders 3, in order to effect the
heat. transfer from, the oil to the air a_complete thermal
balance of tne air and. hydraulrc portions. of the system
may not be obtalned in the pump unit itself and it is
therefore desirable to lead the exhausting air through
the 11ne 83, as shown an Flgure 9, into thermal associa-
tlon w1th the oil in the circuit 54 in a heat. exchanger 85,

Where the entlre cooling etfect of. the air.is not re-
qulred the air may be by-passed frorn the heat exchanger
by a surtable temperature control butterfly valve 56,

The air rnput of the motor pump comprised in. the
block 1 is also preferably automatically controlled to
hold the output of the pump at constant pressure. Fig-
ure 10 illustrates . a simple form of valve which not only
provrdes constant pressure output but allows for the. by-
passing of pressure surges in, the circuit 54, and effects
an_ automatic stopping of the pump because of low. oil
or air pressure, thereby .protecting the pump and the ap-
paratus berng operated by the circuit 54,

This valve 57 comprises a cylinder 58.in which is
arranged a p1ston 59 having a reduced central portron
60. "Oil under pressure from the pump is admitted to
one end of-the cylinder 58. tnrough the opening 61 to
operate the pision against a spring 62, The walls of the
cyhnder are provided with ports §3—64 through which
air is. del1vered to.the air inlet 28 of the motor pump..

‘With the pump operating at normal output pressure, the
pressure oil actmg against piston 59 moves the piston
into a posrtlon where its reduced central portion 60 reg-
1sters with " the. openings 63—64 to provide ummpeded
air ﬂow to the motor pump. “If the output pressure in-
creases even shghtly it moves the piston toward .the
sprmg closing off the supply of air to the pump. If the
oil ‘pressure drops. below a value predeternnned by the
length of the reduced portion 60, spring 62 will operate
the piston 59 to close off ‘air flow, thus stopping  the
pump If a sudden surge of oil pressure occurs piston
59 is forced down against the spring to uncover port 65
whrch prov1des a: by-pass for the oil leading to the reser-
Yoir - 51 To . start the pump ajr must be momentarlly
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6
byrpassed around. the, valve, and. to_stop. the. pump, the
ajr ﬂoyvmg through the valve need only be, momentanly
interrupted.

Referrmg to Figures.7 and 8, a. somewhat modified form
of valve arrangemen‘f i provrded in. whu:h the ports. and
grooves on. the two sides of the. Valve drsc 66 are, 1dent1c'tl
so that the fluid pressure is completely balanced As. be-
fore the valve, disc 66, floats. between lower and. upper
discs 67 and 68 separated by a ring 69.

The air inlet is indicated at 70 and, the air outlet-at, 71,
while the oil mlet is. 1nd1cated ‘at, 72 and the oil -outlet, at
73, .The air 1nlet connects wrth an annular, dehvery pas-
sage 74 defined’ ‘between the drsc valve. and. the ring 69
in ornmumcatron w1th the valvmg recess. 74, and the air
outlet connects to a collectr - groove 78 in. the upper
disc 68. The oil 1nlet 72 connects, with,_an annular. de-
hvery groove 76 in the  upper. disc and the-oil outlet, cons
nects with g central recess. 77 in the disc valve 66,

As mdrcated by the arrows_ 78 Frgure 7, the oil. and
air pistons are movrng upwardly, the. air . is exhaustmg
through a'slot 79 in.lower disc 67, and. through. the regis-
terlng slot 80 in the valve drsc and ‘air outlet 71. The
upper ‘disc 68 is provrded with arcuate slots 81, directly
opposite the air exhaust slots 79 to deliver air at exhaust-
ing pressure to the upper srde of the valve disc to balance
exhaustmg alr pressure against, the underside - of the
valve disc.

The. lower .disc 67, is provided with-an annular groove
82 dlrectly oppos1te the arr-collectrng groove 75 to also
e‘fect a balance of air, pressure ¢n the upper and lower
stdes of . the valve d1sc

The oil exhausting. from the oil cylinder, through, a
slot 83 in the lower dlsc passes through a. slot 84.in the
valve disc whlch connects to.the central recess 77. The
upper drsc 68 is provrued with an arcuate slot formatron
85 correspondrng to the slot formatlons 83 in the lower
dlsc to receive oil under pressure to counterbalance ~oil
pressure against the undersrde of the valve disc,

The. lower disc 67 is, also provrded with an annular
groove 86 chsposed opposrtely to the oil delivery groove
76. to receive inlet oil through the arcuate slot 87 in the
dlSC valve

Between the ports and . grooves connected with. the air
portion of the pump system and the ports, and grooves
connected with the oil.portion of the pump system the
disc valve is provided on both.the upper and.lower, faces
with annular grooves 88 connected by orifices 89, and
these grooves communicate with an annular groove 0 in
the upper disc wh1ch dlscharges to an outlet 91,

‘The grooves 88 will trap any air leakage across either
the top or bottom of the floating disc valve 66 and such
leakage air will be conducted away through the outlet 91,

The above type of disc valves are preferable in the fact
that dead air space. is substantrally eliminated and .by. bal-
ancing the fluid pressure on opposite_sides of the disc
valve the valve operates smoothly and efﬁcrently with
minimum loss of torque.

However it will be appreciated that-other valving means
may be employed and other details of the punip may be
varied while maintaining the pumping. action aforded by
the air pistons operating on a drive or wabble plate driv-
ing the oil plstons to provide a system wherein the air and
oil portions are in thermal association to maintain the
air and oil systems in thermal balance,

While particular reference has been made to compressed
air as the driving medinm, it will be understood that com-
pressed. gas other than air may be emploved where prae-
ticable and it is understood that,the word “air” where used
in the appended claims is synonomous with the word “gas.”

What I claim as my invention is:

1. In a liquid pumping system, .a heat conducting body
havrng a plurality of thermally associated cylinders there—
in, liquid pumping piston means. reciprocating in- certain
of said cylmders, a circuit in, which, hqurd pumped by said
piston means.is, circulated giving, rise: to; undesired: heat,
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compressed gas driven piston means reciprocating in other
of said cylinders, an exhaust system from said latter cylin-
ders giving rise to cooling of the gas, said conducting
body forming a means for exchanging the undesired heat
of the circulating liquid with the coolness of the gas, means
driving said liquid pumping piston means on reciproca-
tion of said compressed air driven piston means, and
valve means controlling fluid flow to and from said cylin-
ders.

2. In a liquid pumping system, liquid pumping recipro-
cating piston means, a circuit in which liquid pumped by
said piston means is circulated giving rise to undesired
heat, compressed gas driven reciprocating piston means
and an exhaust system from said compressed gas driven
means giving rise to cooling of the gas, means driven by
said second-mentioned piston means reciprocating said
first-mentioned piston means, means for exchanging the
undesired heat of the circulating liquid with the coolness
of the gas comprising thermally associated cylinder means
in which each of said piston means operate and valve
means driven by reciprocation of said second-mentioned
piston means controlling fluid flow to and from said cylin~
der means.

3. A device as claimed in claim 2 in which the means
driven by said second-mentioned piston means and recipro-
cating said first-mentioned piston means comprises a wab-
ble plate. '

4. A device as claimed in claim 15 in which said valve
comprises a perforated disc operating above and arranged
to open and close the entrances to said cylindrical pas-
sages, and urged outwardly of said passages under fluid
pressure, and means to apply a fluid pressure urging said
disc towards the entrances to said passages.

5. A'liquid pump comprising a heat conducting bedy
having a plurality of symmetrically arranged cylindrical
bores therethrough, compressed air-driven pistons recip-
rocally mounted in certain of said bores, liquid pumping
pistons arranged in the other of said bores, a rotatable
shaft extending centrally of said bores through said body,
a thrust bearing mounted on said shaft at one end of said
body, a valve dis¢ floatingly mounted on said shaft for
movement axially thereof at the other end of said body,
a wabble plate mounted on said thrust bearing and en-
gaged by said piston means to drive said shaft and liquid
pumping pistons upon reciprocation of said compressed
air-driven pisten means, said valve disc being driven upon
rotation of the shaft over the entrances to said bores and
having port means therethrough to control air flow to
and from the bores in which said compressed air-driven
pistons reciprocate and to’ control liguid flow to and
from the bores in which said liquid pumping pistons re-
ciprocate, and means to apply fluid pressure urging said
disc towards the entrances to said bores to balance fluid
pressures in said bores acting on said disc.

6. A pump as claimed in claim 5 in which the bores
in which said compressed air-driven pistons operate are
arranged in a circular formation at 120° spacing, and
similarly the bores in which said liquid pumping pistons
cperate are arranged in a circular formation at 120°
spacing with the first-mentioned bores lying alternately
between the second-mentioned bores.

7. A pump as claimed in claim 5 in which spring
means are provided to urge said liquid pumping pistons
against said wabble plate.

8. A pump as claimed in claim 5 in which said disc
valve floats between a pair of spaced plates, one of said
plates overlying said body beneath said disc and having
slot means therein affording communication to the in-
terior of said bores, the other of said plates having an
air inlet and outlet formation therein, and a liquid inlet
and outlet formation therein displaced inwardly with
respect to said air inlet and outlet formations, one of said
discs and said plate provided with said inlet and outlet
formations having a circular groove formation therein
isolating said air inlet and outlet formations from said
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liquid inlet and outlet formations, and passage means
leading pressure liquid into said circular groove.

9. A device as claimed in claim 8 in which one of
said discs and said plate beneath said disc is provided
with a groove formation encompassing the slot. means
in said latter plate communicating with the. interior of
said bores in which said liquid pumping pistons operate,
said groove formation communicating to the atmosphere
to isolate air leakage towards said latter bores.

10. A device as claimed in claim 5 in which said
wabble plate and thrust bearing are enclosed in a housing
forming a chamber at the end of said bores opposite said
valve disc, and means leading from said chamber to
convey leakage oil under leakage air pressure to a reser-
VOir,

11, A device as claimed in claim 5 in which said piston
means comprise pistons having ends bevelled from the
circumference to the centre to form cone-like end sur:
faces engaging said wabble plate and said wabble plate
comprises an annular inclined plate having its axis in-
clined to thte axis of said shaft and intersecting said shaft
axis in the plane of contact of said wabble plate with said
piston ends. )

12. A system as claimed in claim 14 in which said
valve is mounted to float axially of said shaft above the
enirances to said bores, and means to conduct pressure
liquid to the side of said valve remote from said bores to
balance fluid pressure on opposite sides of said valve.

13. A device as claimed in claim 15 in which the ends
of said cylindrical passages underlying said valve have
ports leading to thte interior of said passages, and said
valve comprises a disc having arcuate radially displaced
air and oil grooves therein to form cylinder connections
opening to and leading from said cylindrical passages
through the aforesaid ports on valve rotation, said pump
having an arrangement of radially spaced annular air and
oil grooves on opposite sides of said disc and connecting
with said arcuate disc grooves delivering fluid to and
conducting fluid from said disc grooves, an arrangement
of grooves corresponding and opposite to said first-men-
tioned ports arranged above said valve, and an arrange-
ment of annular isolating grooves on opposite sides of
said disc' located between said radially 'spaced arcuate
and annular air and oil grooves and in communication
with each other through said disc, and with an isolating
fluid, said groove arrangements being constituted to pro-
vide a hydraulic balance on opposite sides of the disc.

14. A liquid pumping system comprising a motor pump
in the form of a heat conducting metal block, a central
bore, a plurality of bores grouped around said central
bore, liquid pumping pistons . arranged to reciprocate
in certain of said grouped bores, compressed air-driven
pistons reciprocating in other of said grouped bores so
that a bore in which a liquid pumping piston operates
alternates with a bore in which a compressed air piston
operates, a shaft rotatable in said central bore, a wob-
ble plate mounted on said shaft and engaged by said
pistons to effect drive of said pumping pistons and said
shaft by said compressed air-driven pistons, valve means
controlling fluid flow to and from said bores compris-
ing a rotary valve driven by said shaft, a hydraulic cir-
culating circuit through which a liquid is adapted to be
pumped by said pumping pistons, an exhaust system
through which compressed gas is adapted to be exhausted
Irom the bores in which said compressed-air-driven pis-
tons reciprocate, and means thermally associating said
hydraulic circulating circuit and said air exhaust system.

15. In a liquid pumping system a heat conducting

- bedy having a plurality of cylindrical passages therein,

compressed . gas driven piston means reciprocally ar-
ranged in certain of said passages and an exhaust sys-
tem from said compressed gas driving means giving rise
to cooling of the gas, liquid pumping piston means: re-
ciprocally arranged in the other of said passages, a closed
eircuit in which liquid pumped by said liquid pumping
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piston means is circulated giving rise to undesired heat,
said conductor body forming a means for exchanging the
undesired heat of the circulating liquid with the cool-
ness of the gas, a wobble plate arranged to be contacted
by each of said piston means to reciprocate said liquid
pumping piston means, a rotatable shaft, a thrust bear-
ing driving said shaft from. said wobble plate, and a
rotatable valve carried by said shaft and controlling
fluid flow to and from said cylinder.

16. A fluid power system comprising a . closed liquid
hydraulic circuit including a liquid pumping means for
circulating a liquid in said liguid hydraulic circuit, a
compressed air circuit including compressed air driven
means driving said liquid pumping means to impart hy-
draulic pressure to a liquid in said closed liquid circuit,
and an exhaust system giving rise to the cooling of com-
pressed air below the temperature of a liquid in said
closed liquid circuit, means external to said liquid pump-
ing means thermally associating compressed air exhaust-
ing from said compressed air circuit with a liquid be-
ing pumped and means for regulating compressed air flow
comprising, a cylinder, a piston arranged in said cylin-
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der, a connection between one end of said cylinder
and said liquid circuit to urge said pision under liquid
pressure in one direction in said cylinder, a spring op-
posing piston movement under liquid pressure, said pis-
ton having a reduced central portion, an air inlet and
outlet formed in the wall of said cylinder and connected
in series into said air circuit and registering with the
reduced portion of said piston under normal liquid pres-
sure, and i liquid relief outlet in the wall of said cyl-
inder closed by said piston under normal liquid pres-
sure and adapted to be opened under abnormal liquid
pressure.
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