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Tadial piston type.

Heretofore, in this type of pumps h1gh efficien-

-5 cies and quiet operation at high pressure delivery
have been prevented to a great extent by unsatis-
factory valving relation between the valve pintle

15 Claims.

This invention relates to variable displace- -
ment hydraulic pumps or motors of the rotary

ports and the cooperating cylinder ports.

It is one of the principal objects of the present
10 invention to increase the efficiency and render
more quiet pumps of  this type operating at high
pressures by proper pre-compression and pre-ex-
pansion-of the operating fluid preparatory to its
communication with the respective pintle valve

15. ports.

A correlative object is to ma.mtam a, more near-
ly constant degree of pre-compression and pre-
expansion of the fluid throughout each interval of

- such _conditions® and to immediately utilize the
oo energy thus stored for reducing noxse and exces-

sive hydrostatic unbalances.

Another object is to eliminate excessive peaks
of pre-compression pressures and of negative

pressures.

95 A more specific object is to control the degree
of pre-compression and pre-expansion of the fiuid
at the higher pressures in a predetermined pro-
portional relationship to the pressure dellvery of

the pump.

30 Another object is te: provide a new and improved
piston actuating  éssembldge and - mounting
iwhereby & high efficiency of transmission of ap~

plied forces may be obtained.

Other objects and advantages will become ap-
.-35 parent from the following specification wherein

' i'eference is msde to the drawings in which -

> Pig, 1is o vertical crogs sectional view through.
a pump or motor embodying the prmciples of the

present invention;

40 Pilg. 2is a horizontal sectiona.l view-of the pump
* or motor end is taken on a plane indicated by the

‘ line 2—2 of Fig, 1;

‘Figs. 3 and 4 are cross sectional views of one end

(C1, 103—161)

- Pig, 8 is a vertiecal sectional view taken on a
plane indicated by the line 8—38 of Fig. 7; and

Fig. 9 is a top plan view of the reactance rotor
illustrated in Pigs, 7 and 8.

For the purposes of illustration, the present
irivention will be described as a pump, its opera-
tion as a motor being readily apparent from such
description, and it is to be understood that in
the specification and claims, the structure recited
is meant to be either & pump or a motor, though
referred to only &8 a pump. Correspondingly, the
valve pintle ports are referred to as “suction”
and “pressure”, only for distinguishing the same
from each other more readily, regardless of the

" fact that both are pressure ports when the struc-
ture is operated as & motor.

The pumping mechanism Is enclosed in a hous-
ing (0, closed at the ends by rigid end covers {1
and §2 respectively, the cover §{ being disposed at
the driving shaft end of the pump.

" Mounted within the cesing and coaxial there-
with is a:piston carrying rotor 4 having 2 set of
circumferentially spaced radial pumping cylin-
ders 15. ‘The rotor is rotatably supported in the
housing through the medium of coaxial sets of
radial and axial thrust bearings {8, disposed near
the ends of the rotor vespectively, the outer races

. of the sets being snugly received in infernal annu-
lzr recesses In the respective covers {6 and 12,

The end cover 12 Is provided with a heavy an-
nular hup portion 18 having a bore extending
exially of the rotor !4 and tepered radially in-
wardly from its inner toward iis outer end for

recelving and mounting the complementary‘
'35

tapersd shenk §7 of a valve pintle 16. ~ A portion
28 of the pintle i16 extends beyond the hub por-
{ion I8 for recelving a pintle adjusting wheel 22,

The adjustzaent wheel 22 is secured on the pro-.

truding end 28 and locked thereto by a’key 24 for
* votating the pintle. In order to draw the pintle
shank frily into the bore of the hub 1§ while
rendering the pintle radially rotatobie, the wheel
| 99 is provided with an annuler radial bearing

- of the pump casing showing the ‘manner of > shoulder which abuts the outer race of a set of

‘45 mounting the pintie and are taken on planes in-
dxcated by the lines 3—3 and §—4 respectively

of PFig. 2;

Fig. 5 is = longitudinal sectional view’ through'_
the adjustable valve pintie mounting showing the
- 50 ‘means for automatic adjustment of the pintle;
Fig. 6 is & cross sectional view taken oh a plane

. indica.ta&'k by the line §—6 of Fig. 5;

v

55 in Fig 1

Pig. 7 is a side elevation, partly in section of the
reactance rotor of the pump and motor illustrated .

ball bearings 21, the inner race of these bearings

cngaging & complementary radial annular bear-.

ing shoulder on the hub 8. A sulteble nut 28
and washer 20 are secured on the outerend of the

portion 23 of the pintle and by reactance o the

wheel 22 drawz the pintle shank outwerdly and
snugly in the bore of the hub 18. The bearings 21
thus tronsmit this thrust to the hub while pre-

- wheel 22 is provided with & ‘plurality of radially
- extendmg lugs a1 which are recelved within
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notches 28 in an annular lock sleeve 29 which is
screw threaded onto the exterior of the hub (8

for holding the wheel 22 and consequently the .

pintle in predetermined rotated positions.

‘The hub 18 is provided with axially spaced
annular recesses {9 and 20 which communicate
with the usual longitudinal passages in the valve
pintle and, in turn, communicate with the main
fluid lines of the pump respectively.

The rotor (4 and pintle 16 are coax1a.l the
rotor being provided with the usual pintle bore

" into which from one end the pintle 16 protrudes

15

20

N
523

30

40

45

50

56

60

65

70

(]

and is snugly received. The pintle terminates in
spaced relation to the opposite end of the rotor
bore. - At the said opposite end, a main drive
shaft 30 is provided, this shaft being secured

for rotation with the rotor through a suitable-

key 31 and drawn firmly in place by a lock nut
32 so that the drive shaft and barrel form sub-
stantially a unitary structure, The drive shaft
terminates in spaced relation to the free end of
the pintle 16 and is in sealed relation to the rotor
bore wall in which it is received, so that the
pintle bore is, in effect, dead end. The end cover
{1 carries a hub portion 33 having a bore through
which the shaft 30 protrudes, the bore in the hub
33 being counterbored to receive suitable packing
washers 34 which are secured in p]ace by the
cap 35.

Mounted and reciprocable in the radial cylin-
ders 15 of the rotor are respective radial pistons
36, the outermost ends of which are slightly en-
larged to provide head portions carrying thrust
pins 37 through the medium of which the pis-
tons are reciprocated. The head portion of each
piston is provided with a bore disposed at. 90 de-
grees to the piston axis and extending fore and
aft in the direction of travel. The pins 371 are
snugly received therein and secured in place by
suitable set screws 38. For actuating the piston
through the media of the pins, a reactance rotor

or other suitable reactance means 39 is provided. .

The reactance rotor is provided with a plurality
of chordal bores 48, one for each piston, these
bores extending 90 degrees to the piston axis.
‘The bores 40 are preferably of sufficient length
so that each intersects those adjacent at the
ends, as well as extend at the ends through the
circumferential wall of the sécondary rotor 38
so as to permit ready insertion of: ‘the pins 31.

In order to mount the reactance rotor for rota-
tion, a reactance housing 43, having inwardly
projecting annular bearing elements 42, is mount-
ed within fthe casing portion [8. The bearing
elements 42 are provided with internal annular
shoulders on which are received ball bearings &1,
one set at each end of the reactance rotor -hous-
ing. Annular flanged cooperating bearing ele-
ments 46 are secured to the rotor 39 through the
medium of bolts 41, the annular flanged portion
of the members 46 cooperating with the bearings
41 for rotatably supporting the rotor 39 in the

‘housing 43 and resxstmg axial displa.cement

thereof.
It should be noted in connection with-_the re~
actance rotor .that its housing 43 is shiftable for

varying the effective. stroke of the pistons .and.
‘consequently the volumetric and pressure delivery

of the pump. For shifting the secondary rotor
39, its housing 43 is provided with rods 44 and 45
extending through the suitable bores in the wall

of the casing portion 10. ILikewise, as better il-

lustrated in Fig. 1, the housing 43 carries at its
diametrically opposite portions, spaced 90 degrees
from the rods 44 and 45, suitable flat bearing
surfaces.

These surfaces are cooperable with

2,075,017

complementary flat bearing surfaces in the hous-

ing portion (8 for maintaining the housing 43 -

and the reactance rotor with their common axis
parallel to the axis of the primary rotor 14 while
permitting shifting thereof to render the rotors 14
and 39 coaxial or to dispose their axes paral]el
and offset from -each other.

As above mentioned the valve pintle 16 is re-
ceived in the bore of the rotor 14 with a snug fit
for va]vmg cooperation - therewith, and is pro-
vided with valve ports 59 and 51 which are spaced
diametrically opposite each other and positioned
longitudinally of the pintle to be aligned succes-
sively with discharge ports communicating the
cylinders 5 with the bore of the primary rotor
14. The:ports 50 and 51 are separated by dia-
metrically opposite bridge portions 54 and 55
which extend circumferentially a distance con-
siderably greater than the discharge ports of the
cylinders 15 so that, upon rotation of the primary
rotor with respect to the pintle for positioning
each cylinder discharge port successively in com-
munication with the ports 50 and 51, each cylin-
der port successively is completely blocked by the
bridges during part of its passage therecver. In
the illustrative example, the ports 50 and 51 are
suction and pressure ports respectively. The
ports, in turn, are in communication with the
usual longitudinally extending pintle passages 43
and 48 respectively. As better illustrated in Figs.
3 and 4, the passages 48 and 49 communicate re-
spectively with the passages 20 and 18 in the hub
18 of the end cover 12. The passages {9 and 20,
in turn, communicate respectively with the radial
passages 53 and 52 respectively in the hub (8
and through the passages 53 and 52 to the usual

" fluid lines of the mechanism,

Efficient lubrication and smoothness of oper-
ation must be obtained as also must be effective
application of the reactance thrusts to the pis-
tons. It is apparent that under high pressures
a terrific thrust would be developed between the
reactance rotor and the piston assemblages. If
flat reactance surfaces were provided between
the two, this thrust would tend to squeeze out all
lubricant. Further, this loss of lubricant would
be augmented by centrifugal forces. By provid-

- ing the round chordal bores 4¢ and round pins

31, however, the entire surfaces of each pin and
the bore wall associated therewith is not sub-
jected to the full pressure and therefore the film
of oil may be retained within the bore and arocund
the pins with the possible exception of a relatively
small surface under direct heavy pressure con-
tact. This film is thus readily available so that
when the pressure is relieved in the slightest,
as. when the opposite stroke of the piston is be-
gun, this film may quickly envelope the pin and
immediately relubricate pin and bore contact sur-
faces. FPurthermore, the film of lubricant tends
to remain even on the contact surfaces thus per-
mitting the pins 31 to shift axially in the bores
40 so as to compensate for the lead and lag in
tangential travel of the pistons relative to the
reactance due to eccentricity of the rotors. Suit-
able oval radial passages 65 are provided in the
reactance rotor for accommodating the head por-
tions of the pistons as they shift to and fro in
the dlrectlon of trave] during thls compensating
action.

It is apparent that with this construction, espz-
cially when a long. stroke, small diameter piston
is used, extremely great. pressures can be devel-
oped. Here it should be emphasized that the

"pump is primarily for very high pressures and
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that its delivery is controlled by changing the
eccentricity of the reactance rotor 39 relative to
the primary rotor. {4. The eccentricity results in
reciprocation of each piston in one direction

5 throughout 180 degrees of angular travel of the

10

15

2

2

3

3

rotor and in the opposite direction through-
“out the remaining 180 degrees of angular
travel. In order to utilize the full efficiency of
- the pump and to prevent discharging of the fluid
under pressure from any cylinder into the suc-
tion port of the pintle, and to prevent relieving the
suction in any cylinder by communication there-
of with the high pressure port of the pintle, the
bridges 58 and 55 of the pintle must extend a ma-
terial distance circumferentially of the pintle.
Necessarily, therefore, with a rotating reactance,
and for some stationary reactances, the pistons
cannot complete either stroke while their cylin-
ders are in communication with either of the
0 ports 50 and 5i. :

Referring to Fig. 1, and assuming, for example,
the direction of rotation of the pump is clock-
wise, the port 58 the intake or suction port and
the port §i is the discharge or pressure port, it

5 will be séen that the changes in the direction of
reciprocation for each piston occur when the pis-
ton axis is disposed horizontally. The bridges §&
and 5%, however, are aligned with the cylinder
ports at these times, respectively. Assuming that

0 the rotor housing 43 has been shifted to the right,
then, when a piston is disposed horizontally at
the right, it is at dead center, having completed
its suction stroke and not yet having begun its
pressure stroke, Since the bridges necessarily

5 extend circumferentially of the pintle a distance
greater than the cylinder ports so as to prevent
undue fuid slip end passage of fluid from the
pintie pressure port through the cylinder and di-
rectly into the pintle suction port, the bridges nec-

40 essarily block and seal each cylinder port, in turn,

45 requiring

as the port approaches snd recedes from hori-
zontal or dead center position. - Consequently, the
cylinder ports are sealed and the fluid drawn into
- the eylinder is trapped. In high pressure pumps
wider bridges for elimination of slip
and by-pass, the interval and travel during which
the. piston is so sealed is greatly increased. If
the piston continues on the suction stroke after

the cylinder port is sealed by a bridge, energy is

0 expended in creating - useless .and ~detrimental
sub-atmospheric pressure in the cylinder. TUpon
continued rotation, the piston returns on the
pressure stroke, the cylinder remaining sealed.
Thereupon, the piston moves pari way entirely

55 uncoposed by fluid and strikes the fluid with g

80

-sudden sharp impact resulting in vibration, noise,
and stresses of the working parts. Having struck

the fuid, compression begins and continues for’

an interval while the cylinder remains sealed.
-Since the volume of the small quantity of fiuid
in. the cylinder cannot be reduced appreciably
by compression, an extremely excessive pressure
is immediately created in the cylinder and more
noise, stress and vibration results, often “locking”
the rotor and damaging the pump parts. Upon

65 continuance of this stroke, the cylinder port com-

municates with the pintle pressure port in which

_the pressure is far below that instantaneous ex- -

. Here again, &

cessive pressure in the cylinder. 4
in-the

detonation results which causes a surge

70 Selivery pressure of the pump and additional

7

noise and vibration. This almost instantaneous
release also reduces the resistance to rotor ro-
tation suddenly and & surge in angular velocity
5 of the. rotor results. If the pump should be so

3

timed that the pressure in a cylinder on compres-
sion is less than the pintle port pressure at the
instant of communication, obviously a surge from
the pintle port into the cylinder would result.
~ Again, contining this stroke as the cylinder port
approaches the opposite bridge, some fluid re-
mains in the cylinder after the port is again
blocked thereby.
excessive  compressive pressure is developed and
continues until the piston axis is horizontal with
the piston disposed at the left in Fig. 1.- There-
upon begins the suction stroke, but since no fluid
can enter the cylinder port, due o the bridge §8,
considerable negative pressure is developed in the
cylinder. As soon as the cylinder port communi-
cates with the port §0, a negative pressure com-
partment is exposed to the fluld and there is an
instantaneous inrush of fluld causing additional
noise and vibration, o :
The .above conditions, thotgh not.so pro-
nounced in low pressure pumps, are so exag-

N

Thereupon, anothér sudden

10

20

gerated in high pressure pumps as to become .

almost fatal defects. To reduce these undesirable
effects substantially to the point of complete elim-

ination is the principal object of the present in-.

vention.

" The structure for efecting this reduction and
ameliorating the resuliing conditions is predi-
cated on the principle that the eylinders should

be communicated with the pintle pressure port

and with the pintle suction port only when the
fluid pressures in the cylinders are equal to the
fluld pressure in the particular pintle port with
which to be communicated and. that during the
passage of each cylinder across the intervening
bridges, no excessive pressures, either positive
or negative, are developed.  All of these results
may be realized and silent, smooth operation af-
forded by proper pre-compression and pre-ex-
pansion .of the operating Guid. This is accom-
‘plished by advancement of the sngular position
of the pintle in the direction of rotor rotation
from its normsl positlon snd by the provision
of fiuid compression chambers, ,

Referring to Figs. 1 and 2, the fluid compres-
sion chambers for accomplishing more uniform
pre-compression and pre-expansion pressures are
{llustrated. These chambers may comprise large
capacity fluid tight bores 88 and §§ preferably
formed directly in the valve pintle {6 and extend-
ing longitudinally thereof.. The chambers are
provided with ports 56 and 57 respectively which
open onto the bridge surfeces B5 and 54 respec-
tively, Since the chembers may be the seme‘in
form and function, the chamber 58 only will be
specifically referred to. :

The port 57 which is the only opening into the

chamber 58 is preferably positioned on the bridge

54 midway between the circumferential Hmits of
the bridge. The port is -of such size relative to
bridge and cylinder ports that it will be partially
aligned with each passing eylinder port before
the cylinder port has been discommunicated from
the leading pintle port, port 53 in the present
instence, and will remain in such coramunication
until the cylinder port is in communication with
-the trailing pintie port B8, - ‘

Tracing the operation of the chambers, it is

spparent that slightly before any cylinder reaches
the horizontal position, its port comes into com-
munication with one of the compression chambers
59 while yet in communication with the pintle
suction port §0. When the piston axis is hori-

zontal and to the right in Flg. 1, the cylinder

port is in communqutlon only with the chamber
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‘50 and 51 by the bridge portion 54.
as the piston_starts upon its compression stroke, .

4
59 and is blocked from communication with ports
‘Consequently,

the fluid is trapped in the cylinder and chamber
59 and is pre-compressed in the cylinder and in
the compression chamber 59. The chamber 59
is of capacity such that a sufficiently large amount
of fluid can be compressed thereinto without a
disproportional increase in the ffuid pressure, to
accommodate that discharged by the cylinder be~
fore it communicates with port 51. If the cham-
ber were of too limited capacity, substantially the
only reduction in volume of fluid that could oc-

cur would be that due to compression of the fluid-

directly in the cylinder. The latter is so limited

that an excessive pressure peak would immedi- -

ately result. . The chambers 58 and 59, therefore,
are analogous, in operation, to long springs in
which a high and substantially constant pressure
can be stored and maintained substantially uni-
form during a considerable portion of the com-
pressive stroke; With the chambers omitted, the
action s’ analogous to' a short sprihg which is
fully compressed by a very slight portion of the
compression stroke and an excessive and sudden
disproportional increase in pressure thereupon
results. Thus the operating fluid is pre-com-
pressed to ‘a predetermined degree with reason-

able uniformity of higher pressure to a pressure-
substantially equal to that in the port §1.

Im-
mediately upon communication of the cylinder
port with the port 51 of the pintle, the fluid is

discharged at this pressure without a sudden drop

in the cylinder préssure which would result upon

release of a slight volume of fluid at excessive-

compression. During initial communication,
some re-expansion of fluid in the chamber §9
maintains a flow therefrom whereupon it is in
condition for cooperation with the next cylinder.
The pressure in the chamber 53 may become
slightly above that of line delivery but this is im-

- mediately relieved and all of its energy utilized.

45

50
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Continuing the movement in a clockwise direc-
tion, the piston moves upwardly toward the hori-

zontal position at the left of the pump to com-

plete its compression stroke and begin its suc-
tion stroke. The fluid in the chamber 58 is at
ordinary atmospheric pressure, consequently it
tends to reduce the pressure in the cylinder as
the eylinder communicates therewith.. However,
the cylinder port communicates with the chamber
while remaining in communication with the port
5i. Consequently, some fluid is compressed &
given amount in the chamber 58. As the cyl-
inder continues traveling upwardly and begins

- its suction stroke, this fluid re-expands concur-

60

70
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rently and is pa~sed back into the cylinder so as
to fill the portion of the cylinder in advance of
the piston and maintain it at substantially at-
mospheric pressure, the same as port 80, at the
instant that it communicates with the port 50.
Therefore, the noise due to a sudden release
of highly compressed fluid and due to a sudden
rush of fluid into a comparatively great negative
pressure in a cylinder will be eliminated.
‘From the foregoing it can readily be seen that
for a given operating pressure of the pump,

pounding, vibration and noise can be so greatly

reduced as to be unnoticeable. However, as the
pressure at which the pump is operating is in-
creased, the degree of pre-expansion and pre-
compression must necessarily be increased for
maintaining this balance, otherwise noise and
vibration will again reésult. The operating fluid
pressure of the pump is increased and decreased

e
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solely by shifting the secondary retctance
through the medium of the rods 44 and 45. The
pre-compression for effecting silent operation,
however, is provided by rotating the pintle
through different angular distances, the pintle

being advanced in the direction of rotation for-

silencing -operation at higher pressures and re-
turned toward normal operating position for
silencing -operation at lower pressures. For ex-
ample, as the pintle is advanced in the direction
of rotation, due to the accelerated rate with which

~ the piston moves inwardly after it passes dead

center for a given angular rotation of the piston,
a greater movement of the piston is occasioned
during the interval in which the piston cylinder
is blocked by its cooperating pintle bridge. Thus
necessarily a -higher  pre-compression results.
The same is true upon expansion on the suction
stroke. The chambers 58 and 59 therefore must

. be of sufficient capacity for receiving this greater

amount of fluid at the higher compression and
longer portion of stroke to prevent excessive pres-

10

18

20

sure peaks during these relations. Here, again,

" at the higher pressures, if the pressure .in the

cylinder is equal substantially to that in the port
with which it is to be communicated, no pound-

" ing and vibration will result nor will there be any

sudden release of pressure which would tend to
make the rotor increase in velocity. While this
arrangement is satisfactory for most instances,
it often happens that the particular apparatus
being driven by the pump or motor is blocked or
jammed with the result that the flow in the for-
ward line 64 is suddenly decreased accompanied
by a sudden increase in pressure. If the pump
continued to operate with a given setting of the
pintle at this higher pressure or lower pressure,

as the case may be, excessive poundihg and noise -

would again result. Consequently, for silencing
the pump, it is desirable that the pintle be ro-
tated to different angular positions in response
to line pressures, for example, being rotated to
advance the same as the pressure increases and
to return the pintle toward normal position as
the pressure decreases.

For accomplishing this purpose, the pressure
delivery of the pump itself is utilized through a
structure illustrated in Figs. 6 and 7. In this
structure, instead of the hand wheel 22, a key 60
is fixed for rotation with the pintle 23, a suitable
notch 6f being provided in the hub portion 18 to

permit limited movement of the head of the key

60. At one end of the key 60 in the direction of
advance movement of the pintle, there is pro-

vided a spring 62 of predetermined strength which -

abuts the corresponding end of the key and urges

it in the opposite direction to normal position.

At the opposite end, a plunger 63 operating in a

. suitable fluid pressure bore is provided, the

plunger bore being communicated with the work-
ing fluid of the pump through the line 64. Thus
as the pressure in the line 64, increases it may
overcome the force of the spring and shift the
key 60 in the direction for rotating the pintle 16
through the medium of the end portion 23 to ad-
vance position. When, however, the pressure is
reduced in the line 64, the spring will turn the
key and pintle in the opposite direction. The
limits within which the pintle can be rotated
may be fixed by the side walls of the notch 6I.
The elements are so arranged that when low line
pressure is provided, the pintle will lie in its
theoretical position in which, when the dead cen-
ter position of each piston is reached, its cylinder

‘port will occupy the center of its cooperating
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bridge. However, as the pressure in the working
- line 64 increases, the advancement of the pintle
will be increased also so that rotation of the
pintle will be sufficient to pre-compress and pre-

8 expand the fluid to a pressure substantially the

‘same as that of the pintle ports. It should be
noted that the spring is designed for the maxi-
mum allowable working pressure of the pump and
. . consequently a maximum but limited rotation of
10 the pintle is provided for, five degrees usually

being all that is required. This maximum is de-"

" termined by the compressibility of the particular
working fluid used, however. Thus not only is
the mechanism silenced, but sudden fluctuations

15 of pressure of delivery are eliminated.
Having thus described my invention, I claim:

1. The combination with a hydraulic rotary -

radial piston type pump, or motor, including &
rotatably adjustable valve pintle having fiuid

20 ports, a rotor having radial cylinders with ports.

cooperable successively with the pintle  ports,
piston assemblages respective fo the cylinders,
adjustable reactance means cooperable with the
piston assemblages for reciprocating the same,

25 and mesans for adjusting the reactance means to
different positions for varying the delivery fluid

of the pump, of means responsive to changes in
the delivery pressure of the pump for rotatably
adjusting the pintlé to different angular positions

30 for silencing operation of the pump. .

2. The combination with a hydraulic rotary

radial piston type pump, or motor, including &

rotatably adjustable valve pintle having fuid.

ports, a rotor having radial cylinders with ports
cooperable successively with the pintle poris,
piston ‘assemblages respective to the cylinders,
reactance means cooperable with the piston as-
semblages for reciprocating the same, means for
- adjusting ¢he reactance means {o different posi-
40 tions for varying the delivery of the pump, of
‘means operated by the fluid pressure delivered
by the pump to adjust the angular position of the
pintle in the direction of rotation of the rotor in

a predetermined proportionel relationship to in-

48 ereases in the fluid delivery pressure of the pump
to thereby silence the operation of the pump ai

| the different delivery pressures. )

35

3. In a hydraulic rotary radial piSton pump or

. motor including a rotor having circumierentially

§0 spaced radial cylinders and piston assemblages -

. respective thereto, and ports respective to said
“eylinders, reactance means cooperable with said
piston assemblages” to reciprocate the same, a
valve pintle in velving relation to the rotor and

%5 having a suction port and -a pressure port co- ;

operable successively with each cylinder port as
the rotor rotates, bridges intermediate the pintle
ports for blocking each cylinder port when such
cylinder port is aligned therewith, whereby fiuid
60 is temporarily entrapped in the particular aligned

cylinder, a fluid tight chamber having & port -

_opening onto one of said bridges for communica-

tion with the cylinder ports when aligned with

said bridee, said chamber being otherwise sealed
65 and filled with opérating fluid, and having suffi-

cient fuid. capacity to temporarily receive from'
the cylinder and accommodate without an ex- .

cessive increase in pressure & portion of the fluid
trapped in the cylinder by virtue of compression

70 of the fluld filling said chamber to thereby reduce

the noise incident to operation of the machine.
4. In s rotary radial piston hydraulic pump or
motor including a rotor having a series of radial
cylinders, piston assemblages respective thereto,
7'5) cylinder ports respective to. the cylinders, a valve

pintle received in the rotor in valving relation
and having a suction port and a pressure port,
said pintle” ports being~successively cooperable

with each cylinder port, bridges intermediate

the pintle ports for blocking each cylinder port
when aligned: therewith, reactance means for the

5

pistons positioned relative to the pintle to drive ...
the piston assemblages to the respective ends of -

their strokes while their associated cylinder ports ™

are blocked from communication with the pintle
ports by said bridges respectively, said pump hav=
ing fluid tight chambers with ports respective to
said bridges and opening thereonto for com-
munication with the cylindérs when the pistons

thereof are at the said ends of their strokes,
. whereby pre-compression and pre-expansion of-.- .

fluid in the cylinders miay be effected without ex-
cessive instantaneous increases in- pressure, by
expansion -and compression of the fluid in said
chambers, and said chambers being continuously
filled with operating fiuid, whereby the instan-
taneous flow thereinto. and therefrom is equal

."and reversible,

5, In ‘a hydraulic rotary, radial piston pump
or motor including a valve pintle having a -pres-
sure port and g suction port, a rotor having radial
cylinders with ports cooperable suceessively with

the pintle ports, pintle bridges between the pintle”
ports, piston assemblages respective to the cyl-

inders, reactance means cooperable with the
piston assemblages for driving them to the ends
of their strokes and into alignment with the re-
spective bridges, means mounting said pintle for

_limited rotation to different adjusted positions,

means cooperable with the pintle and cylinder

“ports for relieving excessive pre-compression and

pre-expansion respectively of operating fluid in
the cylinders while the ports thereof are passing
said bridges respectively and preparatory to and
at the instant of communication of the fluld in
the cylinder ports with the pintle ports, and sald
bridges. extending a sufficient distance circum-
ferentially of the pintle to remain in cooperative

i0-
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relation to the cylinder ports at the ends of the - -

piston strokes of the associated pistons of said

_eylinders in the various adjusted positions of the
- pintle and thereby prevent reversal of any piston
stroke at an instant while its cylinder port isin

communication with a pintle port.
6. In a rotary radial piston pump including &
rotor having radial cylinders, piston assemblages

59

and c¢ylinder ports respective to the cylinders, -

reactance means cooperable with said biston
assemblages for reciprocating the assemblages, 2
valve pintle extending within the rotor and hav-

‘ing a suction port and a pressure port successively

56

cooperable with each. cylinder port, bridges .

intermediate the pintle ports for preventing con-
current communication of any cylinder with both
pintle ports, whereby each cylinder port is
blocked when saligned with the bridges and fiuid
is trapped in the cylinder, and a fluid tight cham-
ber opening onto one of said bridges for com-

" munication with each cylinder port when aligned

therewith, said chamber being filled with fiuid

material ‘amount of the fiuid trapped in the cyl-
inders by compression of the fluid already filling
said chamber to less than an amount which would
cause excessive resistance to compression.

7. In a hydraulic rotary, radial piston pump or
motor including & valve pintle having a saction
port and a pressure port, a rotor having radial

eylinders with ports cooperable successively with-

t\he pintie ports, piston assemblages respective to

" and having sufficlent fuid capacity to receive a

0
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the cyiinders, reactance means cooperable with
the piston assemblages for reciprocating the same

consequent upon rotation of the rotor, bridges on. .
‘said pintle intermediate the ports thereof, fluid

tight compression chambers having ports open-

ing onto said bridges for cooperation successively

with the cylinder ports, said chamber ports ter-

ninating circumferentially of the pintle a suffi-

cient distance from the bridge limits to communi-
cate with the cylinder port cooperating with the
bridge only while the same cylinder port is un-

_ communicated with the pintle ports.
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8. In a hydraulic rotary, radial piston pump or
motor including a valve pintle having a suction
port and a pressure port, a rotor- having radial
cylinders with ports cooperable successively with
the pintle ports, piston assemblages respective

to the cylinders, reactance means cooperable with .

the piston assemblages for reciprocating the same
consequent upon rotation of the rotor, bridges

on said pintle intermediate the ports thereof, -

fluid tight compression chambers having ports
opening- onto said bridges for cooperation suc-

cessively with the cylinder ports, sald bridges.

extending circumferentially of the pintle a dis-
tarice sufficient to prevent concurrent communi-
cation of any cylinder port with both pintle ports,

‘and. said chamber ports extending circumferen-

tially of the pintle bridge a sufficient distance
to communicate with the cylinder port cooperat-
ing with the bridge only while the cylinder port is
uncommunicated with a port of the pintle.

* 9. In a hydraulic rotary, radial piston pump or
motor. including a valve pintle having a suction
port and a pressure port, a rotor having radial
cylinders with ports cooperable successively with
the pintle ports, piston assemblages respective to
the cylinders, reactance means cooperable with
the piston assemblages for reciprocating the same

consequent upon rotation of the rotor, bridges on-

said pintle intermediate the ports thereof extend-
ing circumferentially of the pintle a sufficient
distance to prevent concurrent communication of
any cylinder port with both pintle ports, fluid
tight compression chambers having ports opening
onto said bridges respectively for cooperation suc-
cessively. with the c¢ylinder ports, each chamber
port . extending circumferentially of the bridge
with which associated a sufficient distance to com-

municate with the cylinder port cooperating with -

the bridge while the cylinder port is uncommuni-
cated from the pressure port of the pintle, and
means for rotating the pintle in the direction of
rotation of the rotor for increasing the degree of

pre-compression of the fluid in said chamber pre-.
paratory to communication of- the cylinder port :

and pintle pressure ports.- -
"10. ‘In a rotary radial piston and cylinder pump,
a valve pintle having a suction port and a pres-

Sure port, a rotor having a cylinder and a cyl- -
inder port successively cooperable with said ports

as the rotor rotates, a piston reciprocable in the
cylinder, reactance- means cooperable with the

piston for reciprocating the same, a bridge on the

pintle between ‘the pintle ports having a valve
surface blocking the cylinder port when aligned
therewith, a fluid chamber having a port in the
surface of said bridge for communication with the
cylinder port when aligned therewith, and being

- eontinuously filled with the operating fluid of

the pump, said chiamber belng sealed except for

- said port and of adequate fluid capacity for re-

75 sive réduction of the volume qf the fluid in the

ceiving and accommodating a predetermined
quantity of fluid from the cylinder by compres-
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chamber during said ‘communication with said
cylinder port and for redelivering the fluid so
received through said chamber port by expansion
of the fluid when the fluid pressure thereon
from the cylinder is relieved.

11. The combination with a fluid pressure pump

‘or motor including-a casing, a rotatably -adjust-

able valve having fluid ports, a rotor relatively

rotatable with respect to the valve and having a-

cylinder, a piston in the cylinder, adjustable re-
actance means. for reciprocating the pistons, and
means for adjusting the reactance means for

varying the delivery of the pump, of means re-
-sponsive to changes in the operating fluid pres-
 sure for rotatably adjusting the valve, and means
‘associated with the valve.and cooperable with the

cylinder in all of the adjusted positions of thevalve
for ‘effecting pre-compression and pre-expansion
of the operating fluid in the cylinder for reduc-
ing the noise incident to-operation of the pump
or motor by synchronizing the operating pres-
sure with the pressure of the working fluid of the

.cyhnder
- 12. In a fluid pressure pump or motor a casing,
. a rotary barrel having & cylinder, said cylinder

having a port, a piston in the cylinder, adjustable
reactance means to reciprocate the piston, means

‘to adjust the reactance means for varying the

stroke, a rotatably adjustable valve for the cylin-
der, said valve having fluid circuit ports for valv-
ing cooperation with the cylinder port, bridge
means between the valve ports providing positive
overlap in each direction from the center line of
the bridge means with respect to the cylinder
port, a sealed fluid chamber for receiving and de-
livering fluid from and to the cylinder by com-

pressive reduction and expansion of the volume -

of the fluid in the chamber during communication
of the cylinder and chamber, said chamber rede-
livering the fluid by expansion thereof when the
chamber is relieved from the fluid pressure in the
cylinder, and. means for communicating - said
chamber and cylinder port during relative passage
of the cylinder port and valve bridge.

13. In a fluid pressure pump or motor, a rotary
barrel having a cylinder, & piston in the cylinder,
adjustable - reactance means to reciprocate the
piston, means for adjusting the reactance means,

.a valve for the cylinder, said valve having fluid

circuit ports for valving cooperation with the cyl-
inder, bridge means between the ports of the valve
providing positive overlap in two directions with
the cylinder port, means mounting the valve for

rotation to different adjusted positions, and means

responsive to changes in delivery pressure of. the
pump for rotating the valve to different adjusted
positions for effecting predetermined pre-com-
pression and pre-expansion of the operating fluid

“in the eylinder during relative passage of the cyl-
.inder port and bridge means.

14. In a fluid pressure pump or motor, a casing,

~a rotary barrel having a cylinder, a piston in the

cylinder, adjustable reactance means to recipro-
cate the piston, means for adjusting the reactance

. means, a valve pintle for the cylinder and ro-

tatable relative to the casing, said valve pintle
having fluid circuit' ports for valving cooperation
with the cylinder, bridge means between the
ports of the valve, positive overlap associated
with -said bridge means at each side of the center
line of the bridge, means mounting the valve for
rotation in the casing to different adjusted posi-
tions, and means. associated with said valve and
responsive to delivery pressure ‘of the pump for
rotating said valve to different adjusted positions
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and in the direction of rotation of the pump for
effecting predetermined compression and expan-
sion respectively of the working fluid in the in-
dividual cylinder during the time element in
which the cylinder passes the bridge and the as-
sociated positive overlap, said time element being
determined by the amount of rotation of the valve
pintle and the operating pressure of the pump re-
spectively, and being sufficient to compress the
segregated working fluid of the individual cylin-
der to the delivery pressure thereby providing
communication between the discharge of the in-
dividual cylinder and the delivery port of said
valve at an equalized pressure. .

15. In a fluid pressure pump or motor the com-
bination of a casing, a cylinder barrel having a
cylinder, a piston in the cylinder, adjustable re-
actance means to reciprocate the piston, means
for adjusting the reactance means, ‘a rotatably

90 adjustable pintle for the cylinder, said cylinder

. 7

. having a port, said pintle having fluid circuit

ports in valving cooperation with the cylinder
port, bridge means between the ports of the pintle,
positive overlaps associated with said bridge
means to control the time element of communi-
cation of the cylinder port with the pintle ports,
means mounting the pintle for rotation in the
casing to different adjusted positions, and means
responsive to changes in delivery pressure of the
pump for rotating the pintle to different adjusted
positions for effecting predetermined pre-com-
pression and pre-expansion of the working fluid
in the cylinder respectively, during the passage of
the cylinder port and the said bridge means, and
thereby to adjust the pressure in said cylinder to
the working pressure of said pintle ports respec-
tively prior to the communication of the cylinder
port with the respective pintle ports.
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