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N ONROTA'I'ING MULTIPISTON RADIAL PUMP . 

Elias Orshansky, Jr., Pasadena, Calif., assignor 
to International Business Machines Corpora 
tion, New York, N. Y., a corporation of New 
York 

Application January 9, 1951, Serial No. 205,050 

(01. 103—174) 4 ‘Claims. 
1 

The present invention relates to a non-rotating 
multi-piston radial pump. More particularly, 
the present invention concerns a radial pump 
having a plurality of non~rotatable pistons actu 
ated by an eccentrically rotatable hub and sup» 
plied with working ?uid by cam-actuated valve 
means. ‘ 

Various types of radial pumps have been pro 
posed in the art, particularly for utilization in 
high pressure hydraulic systems. However, a 
problem common to all such pumps has been the 
control of working ?uid ?ow to and from the 
piston pressure spaces. The valving arrange 
ments of the prior art ‘have been complex, and 
generally have required intricate, close tolerance 
machining. For example, one of the more com 
moh types of valving arrangements involves the 
provision of inlet and outlet passages in a ?xed 
pintle, and the employment of a rotatable barrel 
mounted on the pintle and carrying the recipro 
cable pistons thereon for valving coaction with 
the pintle passages. This‘arrangement has been 
unsuitable for use at relatively high pressures, 
due to the extreme accuracy required in machin 
ing the pintle and the barrel, and the ever pres 
ent problem of ‘working ?uid leakage therebe 
tween. ‘ 

The present invention now provides an ex-, 
tremely simple, readily utilized, and easily manu 
factured and maintained multi-piston radial 
pump. In the pump of the present invention, a 
cylinder block is ?xedly positioned within a cas~ 
ing, the cylinder block having interior pressure 
spaces within which reciprocable, non-rotatable 
pistons are adapted for movement. Reciproca 
tion of the pistons is carried out by a hub which 
is rotatable within the cylinder block and which 
is provided with a peripheral eccentric surface 
operably connected to the‘pistons. 
The casing is provided with a pair of inwardly 

opening, concentric, annular ?uid passages, one 
of the passages communicating with an inlet port 
for the reception of working ?uid, and the other 
passage communicating with an outlet port for 
the reception of working ?uid under pressure 
from the piston spaces. The cylinder block is 
provided with. ?uid ?ow ports, each of which 
communicates with one of the passages of the 
casing, and double-acting valves are also carried 
by the cylinder block‘for controlling ?ow from 
the ?uid ?ow passages into the piston chambers. 
These double-acting valves are controlled by ro 
tatable valve plates which are synchronized with 
rotation of the eccentric hub surface, and the 
valve plates have camming faces which act upon 
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the valves to reciprocate the same to establish 
and interrupt communication of the piston 
chambers with the inlet passage ‘and the outlet 
passage in succession. 
In this manner, rotation of the hub controls 

both ingress and egress of working ?uid to the 
piston chambers, and also the subjection of the 
working ?uid to piston pressures. 
control insures absolute synchronization of piston 
movement and working ?uid communication 
with the piston chambers. 

It is, therefore, an important object of the 
present invention to provide an economical, 
simple, radial piston pump provided with cam 
:actuated valving means. 

Another important object of the present in 
vention is to provide a radial piston pump pro 
vided with non-rotatable pistons and valve means 
which are synchronized for operative movement 
by rotation of an eccentric hub. 
A further important object of the present in 

vention is to provide an improved radial piston 
pump having annular working ?uid ?ow passages 
communicating with pump piston chambers 
through double-acting cam-actuated valves jour 
naled for reciprocating movement in a piston cyl 
inder block. 

It is still another important object of the pres 
ent invention to provide a radial piston pump 
wherein a single rotatable element coordinates 
and synchronizes piston pressure movement and 
valve actuation for ?uid inlet and outlet flow. ‘ 
Yet an additional object of the present inven 

tion is the provision of a radial piston pump hav 
ing a rotatable eccentric hub for actuating a plu 
rality of ?uid pressure pistons and for effecting 
the rotation of cam actuating plates for a corre 
sponding number of double-acting inlet and out 
let ?uid ?ow valves. 
Other and further important objects of this in 

vention will be apparent from the disclosures in 
the speci?cation and the accompanying drawings. 
On the drawings: 
Figure 1 is a radial sectional view, with parts 

shown in elevation, taken along a pair of parallel 
axially spaced planes of a radial piston pump of 
the present invention; 

Figure 2 is a vertical sectional view taken along 
the planes lI—II of Figure 1; 
Figure 3 is a horizontal sectional view taken 

along the planes III—III of Figure 1; 
Figure 4 is a fragmentary sectional view, with 

parts shown in elevation, similar to Figure 3 and 
illustrating a double-acting valve element in neu 
tral position; ‘ 

This positive ' 
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Figure 5 is an exploded fragmentary perspec 
tive view, partly in section, illustrating a portion 
of the piston actuating mechanism of a pump of 
the present invention; 
Figure 6 is a longitudinal sectional view, with 

parts shown in elevation, of a modi?ed form of 
radial piston pump of the present invention; and 
Figure '7 is a sectional view of the pump of 

Figure 6 taken along the planes VII—VII. 
As shown on the drawings: 
One form of pump of the present invention is 

illustrated in Figures 1-5, inclusive, and this form 
shall be described ?rst in detail. 

The pump casing and hub structure 

As shown in Figures 1-3, inclusive, the pump of 
the present invention is indicated in general by 
reference numeral ID, the pump including a cen 
tral, generally cylindrical casing section i I closed 
at each axial end by front and rear cover plates 
l2 and 53, respectively. As particularly illus 
trated, the central casing section H is provided 
with annular end faces M and I5 each provided 
with circumferentially spaced, inwardly extend~ 
ing threaded apertures it for receiving screws ll’ 
for securing the end plates 52, #3, respectively, 
thereto. 
The end plates l2 and 13 are each provided with 

inwardly extending shoulders it which snugly 
contact the inner periphery of the central casing 
section l i, and which are grooved to retain annu 
lar seal rings is against the central casing section 
to de?ne a sealed inner space ‘it lying between the 
plates. The central casing section i i is provided 
with an annular inlet groove 25 and an annular 
outlet groove 22 each formed in the inner periph~ 
ery of the casing section ii to provide passages 
for a working ?uid or a hydraulic medium to be 
utilized in connection with the pump H3, and that 
portion of the circumference of the central casing 
section 5 i lying between the grooves 2 l , 22 is 
tapered, as at 23, to provide an inner frusto-coni 
cal bottoming surface, for a purpose to be herein 
after more fully explained. 
As best seen in Figure l, the grove 22 communi 

cates with an outlet opening 24 formed in an up 
standing embossment 26 integrally cast or formed 
in the central casing section I I. A similar open 
ing 2? is provided for communication with the in— 
let groove 2 i. 
The end plates 52 and it are provided with cen 

trally located inwardly projecting annular bosses 
2S and 23, respectively, which extend into the 
space 253 and which receive therein a press-?tted 
outer bearing race 33, The bearing races 33 are 
each in running contact with a plurality of roller 
bearing elements 3| which in turn contact inner 
bearing races 32. The bearings carried by the 

" bosses Z8 and 29 are of substantially the same size, 
and a pump hub 33 is rotatably journaled in the 
bearings. 
The hub 33 is provided with generally cylin 

drical end portions 34 which contact the inner 
periphery of the inner bearings race 32, so that 
the radially enlarged central hub section is posi 
tioned between the ‘bearings in the space 20. The 
central portion of the hub 33 is provided with 
.an eccentric outer surface 35, and the hub 33 
is also provided with a central bore 36 closed 
at one end, namely that end adjacent the end 
plate l3 by a generally cylindrical hub plug 37 
having a circumferential groove within which a 
seal ring 38 is positioned. The plug 31 is bot 

it'omed against a shoulder 39 formed in the hub 
' bore and is retained thereagainst by means of 
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4 
an annular locking ring 40. The other ex 
tremity of the hub bore 36 has extending there 
into peripherally spaced, axially elongated splines 
4| for attachment to a prime mover drive shaft 
(not shown) or other suitable source of power. 
Excessive axial movement of the hub 33 relative 
to the bearing races 32 is prevented ‘by means of 
lock nuts 42 threaded upon correspondingly 
threaded exterior portions of the hub. 

That portion of the hub bore 36 carrying the 
splines 4| is surrounded by a centrally located 
axially outwardly extending boss ‘l3 formed on 
the cover plate [2 and provided with an in 
wardly projecting circumferential ?ange lid. The 

" hub 43' and the ?ange 44 serve to retain a press 
?tted oil seal 43 in snugly seated relation be— 
tween the cover plate I2 and the adjacent ex 
treme end of the hub 33. 

It will thus be seen that the casing sections 
ll, l2 and I3, cooperate to de?ne the interior 
space 20 which is sealed, as by seal rings [9, from 
the atmosphere. The cover plates i2 and it 
serve to journal therein an interiorly splined 
pump hub 33 having an interior eccentric cam 
ming surface 35. Upon rotation of the hub 33, 
any axial thrust of the hub will be taken up by 
the thrust bearings provided by the inner and 
outer races 30 and 32 and the rollers or other 
anti-friction elements 3! therebetween. 

Cylinder block and piston structure 

The rotatable hub 33 has the central eccentric 
surface 35 thereof enclosed within a generally 
cylindrical reactance ring 131, the reactance ring 
and the hub surface 35 having interposed there 
between a plurality of needle bearings 48 pro 
viding an anti-friction mounting for the ring. 
The ring 41 has its inner periphery centrally 
recessed, as at 49, to accommodate the inter 
posing of the needle bearings G3. 
The outer periphery of the reactance ring 41 

is contacted by a plurality of piston slipper blocks 
50, perhaps best shown in Figure 5. The slipper 
blocks 50 are provided with curved undersurfaces 
5| concentric with and mating with the outer 
surface 41a of the reactance ring iii. Each of 
the slipper blocks 50 is centrally apertured, as 
at 52, to receive therethrough a connecting pin 
53, and each block is provided with an inner 
lateral extension 54 projecting laterally beyond 
the pin 53 to increase the surface contact of the 
slipper ‘block with the reactance ring, while ac~ 
commodating the positioning of an annular re 
taining ring 55 so as to contact each axial end 
of each of the pins 53. 
There is a pair of spaced slipper blocks 50 

associated with each pin 53, and a pair of re 
taining rings 55 is likewise associated with the 
pins 53, so that this subassembly is symmetrical 
on each side of the pin. The space between each 
pair of slipper blocks 50 accommodates the in 
sertion of a lower portion 56 of a piston El there— 
between. The portion 56 of the piston is aper 
tured, as at 58, to receive the pin 53 therethrough, 
While the slipper blocks 50 accommodate the 
pin 53 in a running ?t, so that rotation of the 
pin within the slipper blocks is accommodated 
upon relative movement of the piston-pin sub 
assembly. The outer portion of each piston 57 
is generally cylindrical in a con?guration (Fig 
ure 1) , and each piston extends into a generally 
cylindrical piston chamber 5% formed in the cyl 
inder block 60 which surrounds the reactance 
ring 41. The cylinder block Gil is thus provided 
with a plurality of radially extending piston 

n) 
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chambers 59, and each piston chamber 59 is 
isolated from the adjacent piston ‘chamber so 
that an independent working area is provided 
for each piston. ‘ 
The cylinder block 60 is also provided with a 

plurality of valving recesses 62 at the outer 
periphery thereof, these valving recesses being 
centrally located withrespect tothe axial length 
of the cylinder block, and each being positioned 
immediately adjacent asingle associated piston 
chamber with which the valving recess is in 
full communication, for a purpose to be herein 
after more fully described. On each side of each 
of the central valving chambers 61, the cylinder 
block is provided with a peripheral, arcuate 
valving recess 62, each valving recess 62 being in 
communication with the inlet and outlet an 
nular grooves 20 and 22, respectively, and also 
being in communication ‘with a valving cross 
passage 53 establishing communication between 
the valving recesses 62 and the valving cham 
bers 5|. Each valving passage 63 is generally 
cylindrical and extends axially throughout the 
entire axial dimension of the cylinder block. 
The cylinder block 50 has a central exterior 

frusto-conical peripheral surface 54 which mates 
with and conforms to the frusto-conical surface 
23 formed in the central casing section II. The 
extreme axial ends of the cylinder block also 
contact the central casing section H, as at 65, 
and the mating frusto-conical surfaces 23 and 
64 are urged together by a cylindrical spacing 
element 66 interposed between the casing closure 
plate I 2 and the cylinder block 60. Thus, the 
cylinder block is ?rmly wedged into ?xed posi 
tion ‘ within the central casing section II by 
means of the mating frusto-conical surfaces 
23-64 and the spacer block 66 acting thereon. 
The cylinder block at its inner periphery is re 

cessed to provide a relatively narrow annular land 
90 projecting inwardly toward the reactance 
member 41 and. recessed at spaced points to pro 
vide the inner ‘portions of the piston chambers 59. 
This land supports the ‘pistons 58 against dis 
placement under side thrusts generated by the 
eccentricity of the reactance member 47. Since 
the land 90 ‘thus supports the pistons, an elon 
gated radial supporting surface is provided with 
out enlargement of the cylinder block. The nar 
row land 90 also accommodates radial movement 
of the retaining rings 55 on either side thereof. 

Valuing structure 
As best seen in Figures 3 and 4, the hub 33, im 

mediately adjacent the eccentric surface 35 and 
on each side thereof, is provided with a splined 
exterior surface 67, each splined surface 51 re 
ceiving thereon a valve plate 58 having a central 
aperture receiving the hub reduced portions 34 
therebetween and having interior splines engaged 
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with the spline surfaces ‘61 of the hub 33. The ‘ 
plates 68 are thus positioned on each side, of the 
eccentric surface 35 and the plates have central 
web portions extending radially outwardly along- ‘ 
side the connecting pins 53, the slipper blocks 50, 
and the retaining rings 55. The web portions of 
the plates 68 carry facing wear plates 68 which 
contact the retaining ring 55 which’ serve to urge 
the same inwardly to retain the connecting pins 53 
in their axial position within the apertures 52 of 
the complementary slipper blocks‘ 5!}. 
The outer peripheral portions‘of the plates 58 

are offset, as at 59a, to provide outer peripheral 
?anges having inner shoulders 70.‘ The ?anges 
69a, and particularly theshoulders ‘Ill, de?ne a 

6, 
rotary camming surface, inasmuch as the shoul 
ders are inclined to a radial plane of the hub 33. 
Since the plates 68 are splined to the hub 33, the 
plates and the hub rotate as a unit, and rotation 
of the plates 53 causes a “wobble-plate” action 
to occour inasmuch as the ?anges $9 at any given 
point in the space 20 will move axially of the 
hub 33 as the plate is rotated. This “wobble- 
plate” action is utilized to control the valving of 
the pump of the present invention, and the plates 
53 are indexed relative to one another so that the 
traveling ?anges 58 of the pair of plates are always 
parallel with one another. In ‘other words, a 
constant distance between the flanges 59 is main 
tained despite rotation and wobbling action of the 
plates 58. 
The valving elements which are controlled by 

the plates 63 are indicated generally at ‘H and 
these elements take the form of dumbbell-shaped 
members having a central joining portion 12, en 
larged valving heads 13 at each end of the cen 
tral portion 72, and terminal rounded projec 
tions ‘M. Each valving element 1! is mounted in 
a cross passage 83 for reciprocation therein and 
the length of the central portion 12 is slightly 
less than the distance between the valving recesses 
62, as shown in Figure 4. Each valve head T3 is of 
substantially the same dimension as the asso 
ciated cross passage 63, and when the valving ele 
ment ‘H is in a central position, as shown in Fig 
ure 4, the valving heads 13 prevent the ingress or 
egress of working fluid from the inlet and outlet 
passages 2| and 22 to the associated piston cham 
ber 59. The rounded projections 74 are each re 
ceived by a valve plate slipper block 15 which 
is bottomed against the shoulder Til formed in the 
adjacent valve plate ?ange 69a. The valve plate 
slipper blocks 15 may preferably be formed of a 
bearing material, so that slippage between the 
?anges 69 and the blocks is accommodated upon 
rotation of the plates 68. The valve elements ‘H 
are held within the cylinder block 65 against ro 
tation and the projections ‘14 similarly hold the 
slipper blocks 15, while the curved contact be 
tween the projections 14 and the slipper blocks 
accommodates pivoting of the blocks relative to 
the valving element, as will be necessary upon ro 
tation of the plates 68. Further, the shoulders m 
are materially longer than the corresponding di~ 
niension of the blocks 75 to accommodate radial 
sliding, thus preventing binding of the valve plates 
68. i 

The valving elements ‘H are reeiprocable within 
the cross passages 63, and it will be seen from Fig 
ure 3 that the plates 68 will cause opening of the 
elements ‘H to establish communication between 
the valving recesses 52 and the cross passages 53 
or, in other words, to establish communication be 
tween the inlet passage 2! or the outlet passage 
22 and a valving chamber 5|. Direct selective 
communication is established between the inlet 
and outlet passages and the piston chamber 58 
so that a direct, synchronized control over the 
ingress and egress of working ?uid'is obtained. 
In order to insure proper registry of the valving 

. elements 7! with the passages 62, the hub 33 

70 

can be moved axially of the cylinder bloclc 6G by 
the insertion of shims between the end plates 12 
and I 3‘ and the central casing section II. 

The modi?ed form of Figures 6 and 7 
The modified form of pump illustrated in Fig 

ures 6 and 7 is a relatively small, hand-op 
erated model which, while operating in accorde 
ance with the principles hereinbefore set forth 
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in connection with the embodiment of Figures l-5, 
inclusive, is much simpler in manufacture and 
operation, particularly since relatively high pres 
sures are not generated by utilization of this form 
of pump. 

. As. an aid in the functional description of Fig- ' 

ures 6 and 7, reference numerals identical with 
those employed in the description of the em 
bodiment of Figures 1-5, inclusive, are utilized 
with alphabetical suffixes attached to indicate 
the modi?ed form of these parts shown in Figures 
6 and '7. 
The modi?ed form of pump is indicated gener 

ally by reference numeral Illa, and it will be seen 
that the central casing section Ila is closed at 
one end by an exteriorly threaded end cap I3a 
carrying a seal ring [3a for sealing the interior 
space 20a de?ned within the casing. The other 
end cap lEa secured thereto by suitable means, 
with an elongated terminal boss Bil closed by an 
end cap 12a secured thereto by suitable means, 
as by screws Ha. . 

The pump Ilia is provided with an axially ex 
tending hub in the form of a shaft 33a, which is 
the functional equivalent of the hub 33 of the 
pump It hereinbefore described. The shaft 33a 
is journaled in the casing by means of bearings 
spaced along the length of the shaft, one of the 
bearings having its outer race sca- mounted in 
the end cap Ila for retaining bearing elements 
Bid in contact with an inner race 32a contacting 
an adjacent peripheral surface of the shaft. The 
other hearing has its outer race 30a contacting the 
inner periphery of a radially inward shoulder 8| 
formed in the central casting section I la to con~ 
tact bearings elements 31 a interposed between the 
race 322a and an inner race 32a carrying an ad 
jacent portion of the shaft 33d. Oil seals 45a 
are positioned axially outwardly of the bearings 
for sealing the space 20a. within the casing. 
The shaft 33 is provided with a central periph 

eral eccentric surface 35a carrying a reactance 
member li'ic thereon with roller bearing mem 
bers Mia being interposed therebetween. A cylin 
der block Sta receives the reactance member 
therein, the cylinder block 36a being provided 
with piston chambers 59a receiving therein pis 
tons 57a for radial reciprocating movement upon 
rotation of the shaft 33a. The pistons Ella are 
provided with an open-topped, generally cylin 
drical recesses 5Tb receiving springs 51c inter 
posed between the bottom of the recesses 51b and 
the adjacent portion of ‘the inner periphery of 
the central casing section I la‘. Thus, the springs 
53c serve to urge the pistons 57a downwardly 
within the piston chambers 53a of the cylinder 
block 60a. toward the reactance member Ma. 
The cylinder block 60a is retained in axially ?xed, 
ncn-rotative position within the casing space 23a 
by means of spacer rings 36d on either side there 
of and wedged between a shoulder 8| formed in 
the central casing section [Ia and the cylinder 
block and between the cylindler block and the 
threaded closure plate I311. 
The central casing portion I la is provided with 

an inlet opening 24a and a discharge opening 21a 
in full registry with annular inlet and outlet 
grooves 22a and 21a, respectively. The cylinder 
block. Eda, is provided with peripheral, arcuately 
bottomed valving chambers 6m identical with 
the chambers 61 hereinbefore described and in 
communication with the piston bores 59a and 
with valving passages 63a communicating with 
valving recesses 62c, which in turn are in full 
communication with the outlet and inlet passages 
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8. 
21a and‘ 22a, respectively. Communication be 
tween the recesses 620; and the‘ chambers ?la 
is controlled by means‘ of dumbbell-shaped valv 
ing elements ‘Ha having end portions 14a. sub 
stantially ?lling‘ the passages 63a‘ for controlling 
?uid communication of the passages GM with the 
recesses 62a. The valve elements "Ha are each 
provided with a reduced central portion 12a‘ for ‘ 
accommodating communication between the pas 
sages at the recesses as hereinbefore described in 
connection with the embodiment of Figures 1-3, 
inclusive. 

Reciprocation of the valve elements ‘I la is ac 
complished by means of radially inclined bear 
ings 82 having their inner races 83 press-fitted 
into recesses formedv in a bearing ring 34 which is 
keyed to the shaft 33a, as at 85, on either side 
of the cylinder block 60a. Thus, the bearings 
82 are rotatable with the shaft 33a, and upon such 
rotation a wobble-plate‘ action is obtained which 
is identical with the action of the valve plates 
65 of the embodiment heretofore described. 
Actuation of the shaft 33a is ‘accomplished by 

means of a manually-actuatable handle 83 pro~ 
vided with a terminal knob 87, so that the shaft 
33 may be manually rotated to effect reciprocation 
of the pistons 51a and actuation of the valves 
'Ha as hereinbefore explained. 

Operation 
The operation of both embodiments of the 

pumps as hereinbefore explained will be read~ 
ily evident to those skilled in the art from the 
disclosed structure. 

Initially, it will be noted that the cylinder 
block 6E3 is ?xed against rotation and that the 
pistons 51 are likewise non-rotatable but are 
reciprocable within the piston chambers 59 pro 
vided by the cylinder block. The pistons are 
pivotally linked to slipper blocks 50 which are 
in direct elongated contact with a reactance 
member 41 and, in the second embodiment of 
the invention, the pistons 5'1 may directly con 
tact the reactance member Mb. The reactance 
member is disposed in encircling relation upon the 
eccentric cam surface 35 of the hub 33 or shaft 
33a, and rotation of the eccentric member will 
cause radial movement of the reactance member 
to actuate the pistons in a radial direction within 
the cylinder block piston chambers. 
The piston chambers 59 are in valved commu 

nication with the annular inlet and outlet cham~ 
bers or grooves 22 and 2!, respectively, so that 
communication between the ?uid ?ow passages 
and the piston chambers could be accommodated 
at any time if it were not for the unique valving 
arrangement of the present invention. 
The valving arrangement includes the double 

acting valve ‘H which are ?xed against rotation, 
inasmuch as the valves are journaled in the 
cross-passages 63. Reciprocation of the valves 
serves to alternately connect the cross-passages 
63 and eventually the piston chambers with the 
inlet and outlet by means of camming surfaces 
which are rotatable with the piston~actuating ecl 
centric member, the hub 33', or the shaft 33a. 
The camming surfaces of the valving plates affect 
a complete reciprocation cycle of each of the 
valve elements ‘H during each revolution of the 
hub 33 and each intake and discharge cycle of 
the pistons 51. Thus, a very simple valving ar 
rangement is provided with absolute synchro 
nism between rotation of the eccentric driving 
member and the valving action being insured, 
and wear and. tear upon the valving mechanism 
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is substantially lessened by the holding of the 
valves against rotation and the elimination of 
relatively rotatable valving surfaces. 
The opposing equally sized valve heads ‘[3 pre 

sent equal inner face areas to working ?uid 
acting thereagainst so that any working ?uid 
pressure thrust upon the valves ‘H is equalized 
and there is no differential ?uid pressure force 
tending to force the valves in a lateral direction. 

It will be understood that modi?cations and 
variations may be e?‘ected without departing 
from the scope of the novel concepts of the 
present invention. 

I claim as my invention: 
1. A multi-piston radial pump comprising a 

casing de?ning a generally cylindrical interior 
space, a ?xed generally cylindrical cylinder block 
in said space having radially extending piston 
chambers, pistons in said chambers for reciproca~ 
tion therein, radially inwardly extending slipper 
blocks carried by said piston for reciprocation 
therewith, a rotatable hub having an eccentric 
peripheral surface acting upon said slipper blocks 
during rotation of the hub to reciprocate said 
blocks and the pistons associated therewith, said 
casing having spaced annular inlet and outlet 
?uid ?ow conduits formed in its inner periphery 
and communicating with a source of Working 
?uid and a working ?uid pressure outlet, said 
cylinder block having cross-passages communi 
cating with the casing passages and with said 
piston chambers, double-acting reciprocable 
valves slidably journaled in said cross-passages 
for reciprocation therein to alternately connect 
each of said piston chambers with the inlet and 
outlet passages of said casing, and annular valve 
plates rotatable in synchronism with said hub 
and having opposing camming faces inclined with 
respect to a radial plane of the hub and acting 
directly upon said valves to reciprocate the same. 

2. A multi-piston radial pump comprising a 
casing de?ning a generally cylindrical block in 
said space having radially extending piston 
chambers, pistons in said chambers for recip 
rocation therein, radially inwardly extending 
slipper blocks carried by said piston for re 
ciprocation therewith, a rotatable hub hav 
ing an eccentric peripheral surface acting 
upon said slipper blocks during rotation of 
the hub to reciprocate said blocks and the pis- r 
tons associated therewith, said casing having 
spaced annular inlet and outlet fluid flow con 
duits formed in its inner periphery and communi 
cating with a source of working fluid and a work 
ing ?uid pressure outlet, said cylinder block hav 
ing cross-passages communicating with the cas 
ing passages and with said piston chambers, 
double acting valve means journaled in the cyl 
inder block cross-passages for reciprocation 
therein, said valves having enlarged heads snugly 
?tting said cross-passages and terminal projec 
tions extending therebeyond, said valve heads 
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being effective to control communication be 
tween the casing passages and the piston chain 
bers upon reciprocation of the valves, and valve 
plates carried by said hub for rotation therewith 
and having camming surfaces inclined with re 
spect to a radial plane of the hub for sliding 
engagement with the valve terminal projections 
to reciprocate said valves in said cross-passages. 

3. In a pump, a casing, an annular cylinder 
block in said casing and having an integrally 
formed inwardly projecting reduced thickness 
land, said cylinder block and the land thereof 
having registering recesses de?ning a plurality 
of circumferentially spaced open-ended radially 
extending piston chambers, radial pistons in said 
chambers, a slipper block for each of said pis 
tons positioned on each side of said cylinder 
block land, a transverse pin received by mating 
apertures formed in said slipper block and the 
associated pistons, radial movement or said pins 
being accommodated by said land recesses, an 
annular retaining ring abutting each end of each 
of said pins for movement therewith on each 
side of said land, rotatable eccentric means re 
ciprocating said pistons, means providing pe 
ripheral inlet and outlet ?uid ?ow passages in 
said block and in said casing communicating with 
said piston chambers, slidable valve means lo~ 
cated in said passages for controlling ?ow be 
tween said piston chambers and said ?ow pas 
sages, and cam actuating means acting on said 
valve means to actuate the same in synchronism 
with the reciprocation of said pistons. 

4. In a pump, a casing, an annular cylinder 
block in said casing and having an inwardly pro 
jecting reduced thickness land, said cylinder 
block and the land thereof having registering 
recesses forming a row of open-ended radially ‘ 
extending piston chambers, a piston in each of 
said chambers, rotatable eccentric driving means 
in said casing for reciprocating said pistons, said 
cylinder block land supporting said pistons 
against side thrusts generated by rotation of the 
eccentric driving means, means providing pe 
ripheral inlet and outlet ?uid ?ow passages in 
said block and in said casing communicating 
with said piston chambers, slidable valve means 
located in said passages for controlling ?uid 
?ow between said piston chambers and said ?ow 
passages, and actuaing means acting on said 
valve means to actuate the same in. synchro 
nism with reciprocation of said pistons. 
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