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Virgil D. Barker, Westfield, N.J. 

Application May 10, 1945, Serial No. 593,027 
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This invention relates to fluid pumps, and it 
will be disclosed and discussed in that connec 
tion. Various aspects of the invention are, how 
ever, applicable to fluid displacement devices gent 
erally, including fluid motors and fluid power 
transmissions. 
In the preferred form herein disclosed, the .in 

vention is concerned with a variable displacement 
high pressure pump, and more particularly, with 
a pump having a rotatable cylinder, block, pro 
vided with cylinder bores whose axes are parallel 
to the axis of rotation of the cylinder block. In 
each cylinder bore opposed pistons are operable 
to effect pumping. action. ... Normally stationary 
cam members cause the pistons to have pumping 
action as the cylinder block is rotated within a 
pump housing, these cam members being relative 
ly adjustable to shift the phase of the piston 
cycles. and to thereby control the pump output. 
The related prior art pumps of which I am 

aware, have involved means for causing recipro 
cating action of the pistons such that the piston 
motion has been virtually sinusoidal, or hair 
monic. Thus, the piston cycles are such that the 
rate of displacement of any piston is never Zero 
for any. Substantial proportion of a piston cycle, 
and it is therefore necessary that communication 
With each cylinder bore be shifted almost in 
stantly from connection to an inlet. to connec 
tion. With an outlet, or vice versa. The Valving 
action has been accomplished generally. by some 
form of rotary motion, between two flat or cy 
lindrical surfaces having coacting ports for al 
ternate connection of the cylinder bores with 
inlets and outlets. This means that the quick 
shifts from inlet to outlet can be obtained only 
if the main inlet and outlet ports are sealed 
from each other by very short moving seals; and 
such arrangements tend to leak fluid under high 
pressures, even though the coacting parts of the 
valve mechanism are constructed to very close 
tolerances. If the seal lengths are increased; the 
cylinder bores are then not completely filled on 
their suction strokes, or the pistons unduly comi 
press the fluid before the outlet port is opened, 
resulting in excessive vibration, noise, loss of 
power, high stresses and a high degree of wear 
on parts subjected to bearing pressures. 
A general object of the present invention is to 

provide a pump of such construction that these 
defects or disadvantages can be suitably elimi 
nated or minimized; and in the pump herein dis 
closed the piston motions are such that the effec 
tive displacement from any cylinder bore may be 
conveniently reduced to zero for a sufficient pro 
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portion of the cycle to facilitate the use of longer 
seals and adequate.valving cycles. 
The invention includes within its purview a 

pump employing a pair of coordinated cams to 
produce a smooth periodic piston motion which is 
not a true harmonic. Each cam may be so con 
structed and arranged with reference to the num 
bers of pistons and cylinder bores as to result 
in uniform pulsationless flow and continuous 
balance of all hydraulic inertia, and bearing 
forces, at various flow rates. 
The invention also provides a pump in which 

the valving is accomplished by the coacting mo 
tions of opposed pistons in a common cylinder 
bore, the cylinder bore...incorporating inlet and 
outlet ports in its wall. These ports are opened 
and closed in the proper sequence by the pistons 
themselves and, consequently, any need for sepa 
rate valve. elements is eliminated. In the valv 
ing. of the pump herein disclosed the necessary 
close fits between pistons and cylinder bores in 
herently and automatically function to provide 
close fit valving at no extra cost in precise manu facturing operations. 
Control of the rate and direction of output 

fluid flow is accomplished through effective uti. 
lization of the arrangement of opposed pistons in 
each of a plurality of cylinder bores. The cyl 
inder bores are arranged with their axes paral 
lel to the axis of pump rotation, and the recipro 
catory relative motion between the pistons and 
the cylinder block is attained by the use of a pair 
of cams which are normally stationary. All of 
the pistons which face in one direction are con 
trolled by one of the cams, and all of the pistons 
which face in the other direction are controlled 
by the other cam. The cams are similar, but 
of opposed contour, and preferably cause each 
piston to execute the same periodic motion in 
volving dwell, acceleration, stroke and decelera 
tion. All elements of piston motion are repeti 
tive in pattern and magnitude. 
Among the objects of the invention accom 

plished by the herein disclosed pump are: in 
creased mechanical and volumetric efficiency; 
marked reduction of fluid loss, due to leakage; 
balance of forces, imposed by hydraulic or inertia 
loads Within the pump, thus eliminating the 
necessity for large and costly bearings; reduc 
tion of parts; component parts of such construc 
tion that they may be machined to close toler 
ances by available manufacturing methods at 
comparatively low cost; a high degree of sensi 
tivity of the pump in response to control impulses 
from Simple control mechanisms; uniform rates 
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of flow at all magnitudes of displacement; and 
marked reduction of vibration and noise. 
My invention is clearly defined in the appended 

claims. In the claims, as well as in the descrip 
tion, parts are at times identified by Specific 
names for clarity and convenience, but Such 
nomenclature is to be understood as having the 
broadest meaning consistent with the context 
and with the concept of my invention as dis 
tinguished from the pertinent prior art. The 
best form in which I have contemplated apply 
ing my invention is illustrated in the accom 
panying drawings forming part of this Specifica 
tion, in which: 

Fig. 1 is a longitudinal vertical Section of the 
pump taken in general on the line - of Fig. 2; 

Figs. 2, 3, 4, 5 and 6 are vertical sectional views 
taken in general on lines 2-2, 3-3, 4-4, 5-5, 
and 5-6, respectively, of Fig. 1; 

Figs. 7, 8, 9 and 10 are views illustrating one 
of the cams used to actuate the pistons. These 
Views Show the cam before assembly, and the 
position of the cam in these views bears no rela 
tion to the assembled position shown in FigS. 1, 
2 and 5. Fig. 7 is an elevation. Fig. 8 is a section 
on line 8-8 of Fig. 7. Fig. 9 is an edge view 
looking from the bottom of Fig. 7. Fig. 10 is a 
perspective view. 

Fig. 11 is a partly diagrammatic view, including 
an enlarged longitudinal section of one of the 
pistons; 

Fig. 12 is a diagrammatic development illus 
trating the reciprocation of the pistons, the valv 
ing, and Wariable displacement; and 

Fig. 13 is a diagram indicating the uniform rate 
of flow for any effective displacement. 
The pump shown in the drawings has ten 

pairs of opposed pistons, one pair operating in 
each of ten cylinder bores. Fig. 1 shows two 
pairs of the pistons in an instantaneous posi 
tion. For convenience and clarity, the actual 
position of the pistons is disregarded in Figs. 4, 
5 and 6; and in these figures each pair of opposed 
pistons is aSSumed to be in the same position as 
the two pairs shown in Fig. 1. 
The housing of the pump shown consists of 

three main parts. The central housing section, 
designated as a whole by 5 (Fig. 1), is formed 
with a main bore 6 within which the cylinder 
block 49 rotates in spaced relation. Housing 5 
also has cam counterbores 7 and 8, a bore 9 
for the control piston, and attachment flanges 20 
and 2. The rear housing or housing section, 
designated as a whole by 22, is provided with an 
attachment flange 24 Secured in fluid-tight rela 
tionship to the flange 20. Housing Section 22 
also has a cam counterbore 25, a pintle bore 26, 
fluid passages 27 and 28 (see also Fig. 3) and a 
control piston bore 29 aligned with the bore 9 
of the central housing section 5. The counter 
bore 25 combines with the counterbore to form 
a recess for the cam 30. The rear housing sec 
tion 22 is also formed with legs or supports 3, 
3i for mounting the pump (see also Fig. 2). The 
front housing Section, designated as a whole by 
32, is formed with a flange 34 that is secured in 
fluid-tight relationship to the flange 2 of the 
central housing section 5. The front housing 
section 32 is further formed with a can counter 
bore 35, which combines with the counterbore 8 
in the central housing Section to form a recess 
for the cam (0. Housing section 32 also has a 
bearing counterbore 36 and a control piston bore 
3, as well as opposite legs or supports 38 (one 
Shown). 

10 

5 

20 

25 

30 

35 

40 

55 

60 

85 

70 

75 

4. 
The three housing sections 5, 22 and 32 are 

held in pressure-tight relationship by a suitable 
number of cap ScreWS 39; and rear and front 
cover plates 4 and 42 are clamped to the rear 
and front housings 22 and 32 by a Suitable num 
ber of cap screws 44. While sealing gaskets may 
be employed, I prefer that the mating faces of the 
housing flanges, and the nating faces at the 
COver plates, be So machined and ground that 
leakage can be prevented without the use of 
gaskets. 

Disposed centrally of the pump is a pintle 45 
provided with longitudinally-bored pairs of fluid 
passages 46, 46 and 47, 47 the arrangement of 
which is indicated in Figs. 1, 2, 3, 4 and 6. The 
paSSages 46, 46 and 47, 47 may be blind or dead 
end passages, bored from one end of the pintle 
and having their ends closed by plugs 48. These 
plugs will ordinarily be slotted or otherwise re 
ceSSed to receive a tool for screwing them home, 
but for clarity Such recessing is not shown. 

Pintle passages 48, 46 both communicate with 
horseshoe passage 27 in the housing section 22, 
and this horseshoe passage may be connected at 
2a (Fig. 3) to a source of fluid supply. The 
rotatable cylinder block, designated as a whole 
by 49, is provided with an annular groove 50 
which communicates with passages 46, 46, the 
communication being through transverse moon 
Shaped cut-outs 52, 52 in the pintle (see also 
Fig. 4). The annular groove 50 also communi 
cates with the left half of each of the cylinder 
bores 5, the groove being so positioned that the 
port therefrom to each cylinder bore will be 
opened and closed by the left-hand piston as it 
reciprocates. 
An outlet fluid line 23d. (Fig. 3) is connected 

to outlet paSSage 28 in housing section 22; and 
outlet passage 28 is in turn connected to the 
nearer of the fluid passages 47 in the pintle. 
Through croSSwise bore 47 a the outlet passage 
28 is also connected to the farther fluid passage 
4. The right-hand end of each of the longitu 
dinal fluid passages 47, 47 is in communication, 
through transverse moon-shaped cut-outs 53, 53 
(Fig. 6) with an annular outlet groove 54 formed 
in the cylinder block 49. The groove 54 is so 
positioned that the port therefrom into each of 
the cylinder bores 5 will be opened and closed 
by the right-hand piston as it reciprocates. 
The cylindrically surfaced pintle 45 is accurate 

ly machined and ground to form a tight fit in 
the rear housing bore 26. Assembly may be by 
pressing pintle 45 into bore 26, or by shrinking 
housing 22 onto the pintle 45. The pintle has 
a very close running fit in the bearing 55 of the 
cylinder block 49. 
Each of the cylinder bores 5 is provided with 

two grooves, 50' and 54, annular with respect to 
the cylinder bore axis, to prevent hydraulic side 
thrust of the pistons against the cylinder bore 
Walls When the pistons pass through the annular 
passages 50 and 54. Each of the pistons, desig 
nated as a Whole by 56 (see also Fig. 11) may be 
considered as consisting of a working piston por 
tion 57 and an integral crosshead portion 58 of 
larger diameter; and these portions have close 
running fits with differentially bored portions of 
the cylinder bores 51. 
Mounted in each crosshead 58 is a ball driver 

or cam follower 59, each ball driver being seated 
in a Socket having a spherical surface. The two 
pistons in each cylinder bore are biased apart at 
all times by a coil spring 60. Each such coil 
Spring is Substantially housed within a pair of 
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opposed working pistons: 56, 56 with the ends of 
each - spring abutted against the shoulders 6 
(Fig. 11) near the junction of each working: pis 
ton and its crosshead 58. 
Coacting with the pistons 56 are the cycle cams 

30, and 40, positioned both axially and radially by 
counterbores f 1, 25 and 18, 35, respectively. The 
cams 30 and 40 are similarly arranged, and their 
contours are so matched or coordinated that aS 
the cylinder block rotates the cams effect the 
desired cycle of reciprocation of each pair (and, 
all pairs) of the opposed pistons. While the 
cams are normally stationary, they are permitted 
angular phase shifting movement which for each 
cam is limited by a stop pin 62 that projects into 
can reces 64 (See also Figs, 2 and 5). Each cann, 
in a zone diametrically opposite its recess 64 is 
provided with a number of helical gear teeth at 
65. In cam 30 the high zones of the camming 
surface are diametrically aligned with the recess 
64 and the teeth at 65; in cam 40 the high Zones 
of the camming surface are displaced ninety de 
grees therefron. 
The cylinder block 49 is rotated by a shaft 66 

journaled in bearings 67 and 68. The bearing: 
67 is mounted in a recess in the right-hand end 
of pintle 45, as indicated in Fig. 1, and the bear 
ing 68 is a ball bearing mounted in the recess 36 
of the housing section 32. Shaft 66 is driven by 
appropriate connections to a motor. The driving 
connection, between the left-hand part of the 
shaft 66 and the cylinder block 49 is afforded by 
a driver 69 keyed to the cylinder block by drive 
pins 70 (five shown in Fig. 5). The driver 69 has 
a splined connection to the shaft 66 as indicated 
at 66, and the driver is positioned axially by the 
bottom of the counterbore 35 in the front hous 
ing section 32 (see the lower right-hand. part of 
Fig. 1). In turn, the driver 69 restrains the 
cylinder block 49 from moving axially toward 
the front housing 32. An annular spacer 7 per 
forms a similar function with respect to the rear 
housing section 22. The front cover plate 42 
is provided with a bore to support and position 
a suitable rotary-seal, designated as a whole by 72. 
The limited angular movement of the cams 30 

and 40, permitted by the arrangement of the stop 
pins 62 and the recesses 64, provides for phase 
shifting of the cams to control the rate and direc 
tion of flow of the pump output. The pins 62 
also function in the alternative depending upon 
the direction of pump flow (and rotation), to take 
the torque reaction on the cams. The phase 
adjustment of the cams is accomplished by the 
parts 74, 75 and 76 (Fig. 1), of which 74 is de 
scribed as a control piston and 75 is a handwheel 
for turning the rod 76 which positions control 
piston. The control piston 74 is longitudinally 
guided by the aligned bores 29, 9 and 37 within 
the housing sections and it is provided near its 
opposite ends with helical gear tooth sectors 77, 
77 meshing with the cam gear tooth sectors 65, 
65 of the cams 30 and 40 (Figs. 1 and 5). The 
control piston is movable longitudinally by the 
rotation of the control rod 76 the right-hand 
portion 76 of which is provided with screw 
threads coacting with internal screw threads 78 
in a bore of the control piston. The handwheel 
75 for turning the rod 76 is provided with ap 
propriate graduations or indicia, to show the posi 
tion of the control piston. The rod 76 is also 
provided with a flange or collar 76a which, in 
cooperation with a face of the handwheel and 
the interposed cover plate 4? will position the rod 
against axial movement. 
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6. 
The gear sectors 65 and 77 have helical teeth, 

preferably about forty-five degree helix angles, 
With the teeth at One end of the control piston 
being of opposite hand to those at the other end. 
The teeth of sectors 77, 77 are sufficiently long. 
axially to permit the control pistori 74 to be ad 
justed longitudinally a substantial distance, pref 
erably an inch or more. Because of the opposite 
hand relationship of the gear tooth sectors, the 
longitudinal movement of the control piston will 
effect relative angular displacement of the two 
cams. 30 and 40 regardless of which cam may be 
bearing against its respective stop pin 62. The 
Control piston is not keyed against rotation about 
its own axis. 
In Fig.11 of the drawings there is shown an 

enlarged central longitudinal section of one of 
the twenty pistons: 56. of the Fig. 1 assembly. 
The body of the piston is considered as tubular, 
having the working portion 57 formed integrally 
With the head portion 58 of larger diameter. 
The portion 58 serves as a crosshead to support 
and guide the outer end of the piston, and it is 
provided with a spherically surfaced socket to 
receive the ball driver 59, which may functionally 
be considered as a piston head. The socket is 
relieved as at r to a diameter substantially equal. 
to the external diameter. Of the piston portion: 
57. The bore 57 receives one end of the piston 
return Spring 60 (Fig. 1). The opening or space 
t within the main body of the piston portion 57 
communicates with the space at r through: the 
opening g’ So that fluid under pressure from the 
cylinder bore fills the piston space at r, q', and it, 
and exerts its pressure directly against the ball: 
59. Since the ball area, exposed to this fluid 
pressure is Substantially equal to the cross-sec 
tional area of the working portion 57 of the pis 
ton, Substantially all of the hydraulic load against 
the piston is carried directly by the ball. The 
axial load taken by the spherical seat surface 'u. 
consists of the force exerted by the spring 60: 
plus the force represented by the product of the 
unit fluid pressure and the difference between 
the overall cross-sectional area, of the piston por 
tion 57 and the area of the ball exposed directly 
to fluid pressure within the piston. In addition 
to this residual axial load consideration must be 
given to the transverse force components due to 
the rolling of the ball on the inclined can surface. 
The total force between the cam and the ballë 

59 may be represented by the vectorac at an angle: 
of inclination uv. The axial component of ac is g, 
most of which is counterbalanced by the fluid. 
pressure effective on ball 59 through opening-p', 
and only a little of which has to be carried by 
Seat Surface ut. The transverse component of ac 
is a directed at right angles to the piston axis. 
and Substantially toward the spherically-surfaced 
Seat it. From this analysis, and the disclosure 
in the drawings (Figs. 1 and 11), it will appear 
that the Spherical seat is not undulyloaded, either 
axially or transversely. The axial load on the 
spherical seat is relatively small, and the seat 
has a wide and ample bearing surface to with 
Stand the transverse force component. The ball 
will therefore roll freely in the socket and, at the 
Same time, it will Seal the socket against fluid 
leakage. This is particularly apparent when it 
is considered that the bearing surface between 
the face of the Socket u and the ball 59 is always 
Well Supplied with fluid under high-pressure to 
Serve as a lubricant. 
In operation, the load on the piston 56 is rap 

idly changed from high to low pressure, and the 
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direction and magnitude of the transverse force 
Components are also changing. These changes 
occur rapidly during a piston movement of sixty 
cycles per second (for example) and insure ample 
renewal of the lubricant between the ball and its 
Seat. The ball and seat construction is also Such 
that there is automatic compensation for wear. 

Each of the springs 60 has its opposite ends 
Seated within the bore of piston portions 57, 57 
of opposed pistons 56, 56 as indicated in Fig. 1; 
and each spring, therefore, causes the two pis 
tons to be constrained to follow the contours of 
the cams 30 and 40, respectively. With the con 
struction shown, the forces required to accelerate 
the pistons to make them follow the cam con 
tours are Well Within Safe values which can be 
attained by Springs fitting the spaces provided by 
the pistons. For example, a driving speed of 
1725 R. P. M. requires a maximum spring pres 
sure of the order of thirty pounds. 
By further reference to Fig. 1 it will be noted 

that annular grooves 80 in the cylinder bores are 
in communication with the central housing bore 
6 through openings 8?, the cylinder block being 

drilled to provide the latter openings or passages. 
They permit a free flow of fluid to and through 
the enlarged Outer ends of the cylinder bores 5 
to accommodate the pumping effect of the cross 
heads 58. The cylinder block is provided with 
annular channels as at 82 (one shown) for ro 
tating clearance for the driving lobes of the cams 
30 and 40. 
The Space adjacent to the cams 39, 40 and the 

Space between the housing and the cylinder 
block 49 may be kept filled with the oil or other 
fluid being pumped. In this case valve 83 is 
kept closed. The aforesaid space may, however, 
be kept 'dry' by keeping valve 83 open and con 
stantly draining any exceSS oil through pipe 93 
to the Sump or other fluid reservoir. 
The above-described construction including the 

ball driver and the coacting piston construction 
presents a thrust transmitting means which re 
duces the real bearing force to a fraction of the 
value which might be supposed. This results in 
low friction loss and greatly reduced Wear. In 
turn these results contribute to the high effi 
ciency of the pump when operating at greatly 
increased pressures. They also contribute to 
long operating life. 
jor portion of the hydraulic force on the piston 
and-ball is imposed directly on the ball, which 
rolls on the cam; and, in a Sense, the part which 
has been called a piston is not a piston but Serves 
as a guide for the ball and as a packing between 
the ball and the cylinder bore. This advan 
tageous thrust transmitting construction also 
provides a high degree of freedom in the design 
ing of cam contours, and in ranges of hydraulic 
pressure not heretofore possible. 
In the illustrative pump each pistOn moves in 

a cycle of constant magnitude; and Since the 
stroke of the piston is never varied, any reduc 
tion in the effective displacement must appear 
elsewhere in the cycle. Angular phase adjust 
ment of one cam with respect to the other, in 
effect, causes a so-called Subtraction from what 
may be termed the effective pumping stroke of 
the cycle. This phase adjustment also causes 
the conversion of the Subtracted portion of the 
Stroke to a motor stroke, which returns to the 
inlet or Supply line an amount of fuid equal to 
the amount Subtracted from the outlet. This 
so-called subtraction is an advantageous Way of 
reducing the total rate of flow since the return of 

In this construction the ma 
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8 
fluid to the inlet is a motor Stroke and there is 
no loss of energy. The net power taken by the 
pump is proportional to the met Output of fluid 
under pressure. If the phase adjustment is suffi 
cient to cause a Subtraction in effective displace 
ment equal to one-half the maximum effective 
displacement (geometrical displacement) the net 
output is then Zero. Further phase adjustment 
in the same direction causes the flow to reverse, 
and as the phase adjustment is continued in 
the same direction the reverse flow is increased to 
maximum. 
A corollary of this principle of variable flow 

is that the length of Seal between the inlet and 
outlet ports is maximum at Zero flow, and near 
maximum at Small rates of flow in either di 
rection. This is particularly advantageous 
where it is desired to pump accurately at Small 
rates at high pressures to effect Such resultS as 
slow heavy cuts on machine tool feed applica 
tions. 
A better understanding of the Operation of 

the illustrative pump may be had from reference 
to Figs. 12 and 13. Fig. 12 is a developed di 
agrammatic representation of various SucceSSive 
positions of a pair of pistons in One cylinder 
bore. Since all pistons execute two identical 
pumping cycles per revolution only one cycle of 
180 degrees is represented. The pistons are in 
dicated at increments of eighteen degrees of cyl 
inder block rotation, the center lines of the pis 
tons in the successive positions being denoted by 
the reference characters a, b, and c, etc. The 
cylinder bores are represented by transverse 
zones A, B and C where A is the central cylinder 
bore section between the annular portS 50' and 
54 and B and C are the two outer guide Sections 
of the cylinder bore. D and E represent the two 
ports 50’ and 54. The stationary cams are 
represented by the curves C1 and C2, in which 
curves the dotted lines indicate the path of the 
center of the bail driver 59 and the Solid lines 
the developed cam profile required to produce 
the dotted line motion. 

Starting at the left, the dotted line C1 from a 
to c represents a thirty-six degree dwell of the 
piston P1. From c to d, this dotted line indicates 
a Constant in Ward acceleration of piston Pi dur 
ing eighteen degrees of rotation of the cylinder 
block 49. The dotted line C1 from d to f repre 
Sents constant inward velocity of the piston P1 
during thirty-six degrees of rotation of the cylin 
der block. From fito g, the piston P1 has a con 
stant inward deceleration during eighteen de 
grees of the cycle; and in the next part of the 
cycle from g to h. the piston has an eighteen 
degree period of constant outward acceleration. 
From h to i, there is a thirty-six degree period 
of constant outward velocity. From i to a, there 
is an eighteen degree period of constant outward 
deceleration. 
The dotted line or curve C2 represents the 

movement of opposed piston P2 during the cycle 
just traced for piston P1. Line g indicates the 
point on cam curve C1 where the piston P1 is ad 
Vanced to its farthest inward position; and m 
indicates the point on cam curve C2 where the 
piston P2 is advanced to its farthest inward po 
Sition. Lines b-b' and n-n are center lines at 
which the pistons P1 and P2, respectively, have 
their farthest outward positions. The distance 
q between n-n and g-g' is the phase displace 
ment between the two cams from the position 
Where the net flow is zero. When n-n coincides 
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a reserve supply of fluid, and to permit the cooling 
of the working fluid. 
The manufacturing methods required to build 

the illustrative apparatus are free from difficult 
types of operations, a preponderance of the pre 
cision machining consisting of cylindrical turn 
ing, boring, and grinding. The only special op 
erations required are in connection with the pro 
duction of the spherical seats for the ball drivers 
and in the production of the cams. 
The illustrative pump is characterized by pulsa 

tionless flow at all flow adjustments. It is also 
characterized by the balancing of all hydraulic 
and inertia forces. This results from the par 
ticular construction and arrangement of the 
cylinder bores, pistons and cams. The relative 
proportions of dwell, acceleration, velocity and 
deceleration in the structure of the cam result 
in the complete balancing of all inertia forces 
so that these forces on either cam always add to 
zero in thrust or radial load. These factors 
minimize vibration and contribute to low cost, 
effective operation and long life. For example, 
because of such balancing out of forces the cylin 
der block rotates with substantially no radial 
bearing load except its own weight, and with Sub 
stantially no thrust in either direction. Hence no 
special bearings are required. The cams also 
need no special thrust bearings. 
The cylinder block is the principal rotating 

element. It is driven by a simple stub shaft 
mounted in its own bearings to eliminate any 
possible unwanted load on the cylinder block 
bearing. The cylinder block rotates upon a pintle 
bearing which also contains inlet and outlet fluid 
passages registering with annular grooves in the 
cylinder block. With this port arrangement, the 
annular fluid passages are continuously connected 
to the same passages in the pintle and they are 
not alternately connected to inlet and outlet ports. 
This construction provides for the long seal (at 
least one-half inch) between the annular pas 
Sages, and this Sea is never broken. 
The pintle 45 is required to carry only the 

weight of the cylinder block and pistons; and 
with no additional hydraulic forces it is poSSible 
to effect a very close running fit between the 
pintle and the cylinder block, without resort to 
special bearings. 
A pump such as disclosed may be used at all 

rates of delivery from Zero, or near Zero, flow to 
its maximum capacity. As previously indicated, 
this device has the characteristic that the length 
of seal between the outlet and inlet portS is maxi 
mum at Zero flow and near maximum at Small 
rates of flow in either direction. For most uses 
I prefer that the confronting edges of the inlet 
and outlet ports be spaced by a distance equal to 
at least 50% of the stroke of each piston. With 
a given pump the degree of seal is proportional to 
the value of q shown in Fig. 12. For most uses 
I prefer that the maximum value of q shall not 
exceed an amount corresponding to a Seal equal 
in length to approximately 8% of the total stroke 
of each piston. The maximum Seal will corre 
Spond to a Zero value of q and will be equal in 
length to 25% of the total stroke of each piston. 
Expressed in terms of intervals during which 
valving may take place, these seal lengths make 
the displacement effectively to be suspended a 
minimum of 2.5% of the total piston cycle for the 
minimum Seal and the mininnum interval. At or 
near Zero flow the efective displacement is Sus 
pended for an interval of approximately 7%% 
Of the total piston cycle. ... . . . . . . 
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This characteristic is of particular value in 

many applications where it is desired to pump at 
extremely high pressures when operating at low 
delivery rates, and where high pressures at high 
delivery rates are not required. 

claim: 
1. A pump comprising; multiple cylinder bores 

and multiple pairs of relatively movable pistons, 
One pair reciprocable in each cylinder bore; a 
rotatable cylinder block in which the cylinder 
bores are formed, the cylinder bores having in 
let and outlet ports in the sides thereof, the cylin 
der bores collectively being arranged annularly 
of the cylinder block axis and the cylinder bores 
individually being disposed with their axes paral 
lel to the cylinder block axis; means to rotate the 
cylinder block; and means for reciprocating all of 
the pistons as the block is rotated, said last-men 
tioned means including a pair of normally-sta 
tionary cams and springs operative to bias the 
pistons toward the cams, a piston of each pair 
alternately covering and uncovering an inlet port 
and the other piston of each pair alternately 
covering and uncovering an outlet port. 

2. A pump as in claim 1 in which there are 
means to adjust at leaSt One of the cans to vary 
the effective displacement of the pump per revo 
lution of the cylinder block. 

3. A pump as in claim 1 in which there are 
means to reverse the direction of pumping flow 
While the cylinder block continues to rotate in 
the Same direction. 

4. A pump as in claim 1 in which there are 
means to vary the effective displacement of the 
pump per revolution of the cylinder block while 
maintaining constant the stroke of all the pistons. 

5. A pump as in claim 1 in which the cams move 
the pistons of each pair to change the space be 
tween the pistons during the suction and dis 
charge Strokes and maintain said Space constant 
during an intervening interval. 

6. A fluid displacement device comprising: 
multiple cylinder bores and multiple pairs of rela 
tively movable pistons, one pair reciprocable in 
each cylinder bore; a rotatable cylinder block in 
which the cylinder bores are formed, the cylin 
der bores having Separate inlet and outlet ports 
in the sides thereof; and means to reciprocate the 
pistons as the cylinder block rotates, said means 
including a pair of normally-stationary cams and 
Springs operative to bias the pistons toward the 
cams, the pistons covering and uncovering said 
ports and thereby effecting the cylinder valving. 

7. A fluid displacement device as in claim 6 
in which one piston of each pair covers and un 
Covers an inlet port and the other piston of each 
pair covers and uncovers an outlet port. 

8. A fluid displacement device as in claim 6 
in which the cylinder block has an annular groove 
communicating with the inlet ports of all cylin 
der bores and has a second annular groove com 
municating with the outlet ports of all cylinder 
bores, and the device is provided with a pair of 
fluid passages, one in constant communication 
With each of said grooves. 

9. A fiuid displacement device as in claim 6 
in which there is a pintle on which the cylinder 
block rotates, the block is provided with an an 
nular groove communicating with the inlet ports 
of all cylinder bores and with a second annular 
groove communicating with the outlet ports of all 
cylinder bores, and the pintle is provided with 
fluid passages in constant communication with 
Said grooves. SSSq S S LLLLSqqS SSS S SSS 
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10. A fluid displacement device as in claim 6 
in which the pistons are provided with balls en 
gaging the cams, and the pistons are provided 
with passages through which the fluid pressure 
in the cylinder bores is communicated directly 
to the balls. 

11. In a positive displacement pump of the 
type in which drive means acts on piston means 

- and reciprocates the latter in a cylinder bore, 
and the cylinder bore is connected to an inlet 
paSSage during an intake stroke and is connected 
to an outlet passage during a discharge stroke; 
the improvement which comprises: the piston 
means being two relatively movable pistons, and 
the drive means moving the pistons in co 
Ordinated relationship for changing the space 
between the pistons during the suction and dis 
charge strokes and maintaining said space con 
stant during an intervening interval. 

12. A fluid displacement device as in claim 6 
in Which the confronting edges of the inlet and 
outlet ports are Spaced by a distance equal to at 
least 50% of the stroke of each piston. 

13. A fluid displacement device comprising: a 
cylinder bore having a first diameter for a por 
tion of its length and an enlarged diameter for 
the remainder of its length, a piston in said bore, 
the piston having trunk portions of first and 
enlarged diameters received by the first and en 
larged diameter portions of said bore, a spheri 
cally-surfaced seat formed in the piston portion of 
enlarged diameter, a ball fitted to said seat, said 
ball having a diameter approximately equal to 
Said first diameter, and a cam engaging the ball 
and Operative to move the piston in the cylinder 
bore, the piston having a passage through which 
the fluid pressure from the first diameter por 
tion of the cylinder bore is communicated di 
rectly to the ball to reduce the pressure between 
the seat and the ball. 

14. A fluid displacement device comprising: 
multiple cylinder bores and multiple pairs of rel 
atively movable pistons, one pair reciprocable in 
each cylinder bore; a rotatable cylinder block in 
which the cylinder bores are formed, each cylin 
der bore having an inlet port in the side thereof 
and having a separate outlet port in the side 
thereof, the inlet and outlet ports for each bore 
being spaced lengthwise of the bore; and means 
to reciprocate the pistons of each pair as the 
cylinder block rotates and cause one piston of 
each pair to cover and uncover an inlet port and 
the other piston of each pair to cover and un 
cover an outlet port, said means including a pair 
of normally-stationary cams and springS Opera 
tive to bias the pistons toward the cams. 

15. A fluid displacement device as in claim 14 
in which the device is provided with an inlet 
passage connected at all times to all of Said inlet 
ports and with an outlet passage connected at 
all times with all of said outlet portS. 

16. A fluid displacement device as in claim 14 
in which one cam moves one piston of each pair 
and the other cam moves the other piston of 
each pair, and the curves of the cams are SO 
coordinated that when both the inlet and outlet 
ports of a cylinder bore are covered the pistons 
move in the bore at constant Spacing. 

17. A fluid displacement device as in claim 
14 in which the means to reciprocate the pis 
tons so coordinates the piston movements that 
the sum total of the instantaneous rate of ef 
fective piston displacements in all of the bores 
remains constant. 
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18. A fluid displacement device comprising: 

multiple, cylinder bores... and multiple pairs of 
relatively movable pistons, one pair reciprocable 
in each cylinder bore; a cylinder block in which 
the cylinder bores are formed, the cylinder bores 
having inlet and outlet ports in the sides thereof, 
the cylinder bores collectively being arranged 
annularly of the cylinder block axis and the 
cylinder bores individually being disposed with 
their-axes parallel to the cylinder block axis; and 
means including a pair of cams for reciprocating 
'all of the pistons upon relative rotation between 
the cylinder block and the cams, the cams mov 
ing the pistons of each pair to change the space 
between the pistons during the Suction and dis 
charge strokes and maintaining said space con 
stant during an intervening interval, a piston of 
each pair alternately covering and uncovering 
an inlet port, and the other piston of each pair 
alternately covering and uncovering an outlet 
port. 

19. A fluid displacement device comprising: 
multiple cylinder bores and multiple pairs of 
relatively movable pistons, one pair reciprocable 
in each cylinder bore; a cylinder block in which 
the cylinder bores are formed, each cylinder 
bore having an inlet port in the side thereof and 
having a separate outlet port in the side thereof, 
the inlet and outlet ports for each bore being 
Spaced lengthwise of the bore; and means to 
reciprocate the pistons of each pair and cause 
one piston of each pair to cover and uncover an 
inlet port and the other piston of each pair to 
cover and uncover an outlet port, said means 
So coordinating the piston movements that the 
Sun total of the instantaneous rate of effective 
piston displacements in al bores remains con 
stant. 

20. A fluid displacement device comprising: 
multiple cylinder bores and multiple pairs of 
relatively movable pistons, one pair reciprocable 
in each cylinder bore; a rotatable cylinder block 
in which the cylinder bores are formed, the 
cylinder bores having separate inlet and outlet 
ports in the sides thereof; means to reciprocate 
the pistons as the cylinder block rotates, the pis 
tons covering and uncovering said ports and 
thereby effecting the cylinder valving; and a 
pintle on which the cylinder block rotates, the 
block being provided with an annular groove 
communicating with the inlet ports of all cyl 
inder bores and with a second annular groove 
communicating with the outlet ports of all 
cylinder bores, and the pintle being provided 
With fluid passages in constant communication 
with Said grooves. 

21. A fluid displacement device comprising: 
multiple cylinder bores and multiple pairs of 
relatively movable pistons, one pair reciprocable 
in each cylinder bore; a rotatable cylinder block 
in which the cylinder bores are formed, the 
cylinder bores having separate inlet and outlet 
ports in the sides thereof; and cam means to 
reciprocate the pistons as the cylinder block 
rotates, the pistons covering and uncovering said 
ports and thereby effecting the cylinder valving, 
the pistons being provided with balls which en 
gage the cans, and the pistons being provided 
With passages through which the fluid pressure 
in the cylinder bores is communicated directly 
to the balls. 

VIRGIL, D. BARKER. 
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