Dec.

Filed June 6, 1949

21, 1954

E. K. BENEDEK
HYDRAULIC PUMP OR MOTOR

2,697,403

7 Sheets-Sheet 1

40
l\ 4)0 _/4|\ ] 2 ) 4| ?
6—74 eC;E 6 /
" KN = 6
5 3 Ne= 5
| PZA) :
| z
\Yes
24— S —
2l 20a 21 20a 21 20a 2| 26 ~17
FIG. I. —
19-
37
16

FIG.3.

— 17

4

INVENTOR.




Dec. 21, 1954

Filed June 6, 1949
33

E. K. BENEDEK 2,697,403

HYDRAULIC PUMP OR MOTOR

4|\

7 Sheets-Sheet 2

7
3g 3 ) 17 4%
; 9/ |
3 — /
8 : »
— 5| 32
]| ‘
39 | i 12 = "
>LNVEN70R.




Dec. 21, 1954 E. K. BENEDEK 2,697,403
HYDRAULIC PUMP OR MOTOR

Filed June 6, 1949 7 Sheets-Sheet 3
)' 40 a_ 6 L0
¢ (
l ] l I
5 5 5
FIG.5 | | } .
24- QK [ 3 3 O\ 25
2120 21 200 21 20021 [ 2 [T A4
19 . a a a ® |8
Y R
237 s 5 2 s
18
i5 ; 5
33 4| 6 41 40
40 ~ 5:5 (10 36 (372
|
34 Il 12 (¢ = 35
13 = 5' 14
8 .
31 l 1%
FIG.6 0 27 206
: -
38 3 17 4
7
31— 2
8.’-
13—
a
34 c, T
239
33 40/




Dec. 21, 1954 E. K. BENEDEK 2,697,403
HYDRAULIC PUMP OR MOTOR '

Filed June 6, 1949 7 Sheets—Sheet 4
| 40 _ 41 8 ! 40
6 = 6
5 [ Sl 5 'l > 16
30 ]
25
i - C
24 £
2| 2| \\\\ 2i 21| 26 | S}
- 20c k- —NN\28 \N-— 20—
197] a 3 @ 4 8
D2 T | ol
FIG.7. / l ez7 |
% 5 5 5[
2 15 Z 15 16
— 8 7
33 -, "7 Vo
=
34- IS 12 @ }‘35
137 '
9
8- —~ 32
3 7 29 9
45
S~ IV
38| 3 & a 2
FIG.18.
7 9
2 4 30
8 | ¢ 5 36, 4 32

13 /
34 | ST 2 (C = }"35

INVENTOR.

4

33 40 | 7 04
F‘G-S, M[W‘




Dec. 21, 195




Dec. 21, 1954 E. K. BENEDEK 2,697,403

HYDRAULIC PUMP OR MOTOR

Filed June 6, 1949 ' 7 Sheets-Sheet &

., FIG.19_

& br

} 360 .

FIG. 20_

@y 4 Cr

360° .

czF1G_22.

INVENTOR,




Dec. 21, 1954 E. K. BENEDEK - 2,697,403

HYDRAULIC PUMP OR MOTOR -

Filed June 6, 1949 7 Sheets-Sheet 7

/- o as
Ny

&4, ] & )
- c/ by

@2z , ‘ a2 a2
FIG.23. - FI6.24. FIG.25_

29

42

FIG. 29.  wenTor

Dokl Gorsectot




United States Patent O

2,697,403
Patented Dec. 21, 1954

fice

2,697,403
HYDRAULIC PUMP OR MOTOR

Elek K. Benedek, Chicago, Iil.; Melba L. Benedek, admin-
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This invention relates to opposed piston and cylinder
type hydraulic pump or motor, and more particularly to
pumps and motors wherein one or a plurality of sets
of opposed piston and cylinder assemblies are arranged
in parallel and axially spaced operating positions with
ong another in an integral piece of solid block housing,

One main object of the present invention is to provide
a solid steel or alloy steel block housing for a set of
opposed piston and cylinder assemblies.

Another main object is to provide a solid steel or al-
loy steel forged block housing for a plurality of sets of
opposed piston and cylinder assemblies,

A further main object is to provide a compact and
centrally located driving means for the opposed piston
and cylinder assemblies in a pump of the above char-
acter.

Another main object lies in the provision of compact
and centralized thrust transmitting means for the opposed
piston and cylinder assemblies, in a pump of the op-
posed piston and cylinder type.

- A still further main object of the invention lies in the
provision of a fluid tight chamber for the housing of
the driving and thrust transmitting means of the pump of
the above character. i

A still further main object lies in the provision of a
centrally located fluid tight chamber in a pump of the
above character for the housing of the bearing means
and the reception of the driving and thrust transmitting
means of the pump of this invention.

A further main object lies in the provision of a sim-
plified intake and exhaust fluid passage in the block type
forged housing of this invention.

A further main object lies in the provision of simpli-
fied intake and exhaust individual valve means for the
opposed piston and cylinder assemblies,

A further main object lies in the provision of novel
arrangements for the intake and exhaust valve cham-
bers and for their corresponding valve means respec-
tively.

A further main object lies
fied individual fluid passages
cylinder assemblies.

A further main object lies in the provision of novel
individual fluid passages for the individual sets of op-
posed piston and cylinder assemblies,

A further object lies in the provision of a solid non-
vielding metallic block as the housing means for a
pump of this character.

Another object lies in the novel combination of thrust
transmitting and driving means for the relative reciproca-
tion of the opposed pistons and cylinders.

A still further object lies in the provision of a novel
bearing supporting means for the said thrust transmitting
and driving means.

A further object lies in the novel relative disposition
of the said thrust transmitting and driving means.

A further object lies in the novel disposition of the
main fluid passages with respect to each other and with
respect to the axis of the block housing of the pump.

A further object lies in the novel disposition of the
individual intake and exhaust fluid passages of the piston
and cylinder assemblies with respect to each other and
the main fluid passages respectively.

A further object lies in the novel disposition of the in-
take and discharge valves of an opposed piston and cylin-
der assembly relative to the individual fluid passages
respectively.
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A further object lies in the provision of novel thrust
transmitting and driving means tor the reciprocating op-
posed pistons and cylinders.

A further object lies in the provision of means for re-
ciprocating the  pistons during the pressure cycie opera-
tion of the pump.,

A further object is in the provision of novel means for
reciprocating the pistons during the suction cycles of the
pump.

A still further object lies in the provision of a block
type housing in which the cylinders can be bored and
lapped or burnished by improved, simplified processes
and operations.

A still further object lies in the provision of a novel
finishing, boring and lapping process to finish the cen-
tral longitudinal main bore of the block bearing housing
in proper concentric relation with the block.

A further object is to provide an improved pump hous-
ing and an improved process for finishing the outside
wall surfaces of the housing in proper relation to the
central fluid tight chamber thereof,

Further objects and advantages will be apparent from
the following description of the three illustrative em-
bodiments of the present invention which form part of
the specifications.

In the accompanying drawings:

Fig. 1 is a longitudinal main section of the pump con-
structed in accordance with the spirit of this invention,
taken on line 1—1 of Fig. 2.

Fig. 2 is a transverse main section taken on line 2—2
of Fig, 1.

Fig. 3 is a combined section and elevation of Fig. 1,
showing parts of Fig. 1 in top view, parts in section
through the axes of the main fluid passages, and a further
part through the axes of the horizontal "intake and
exhaust passages of the top piston of Fig. 2.

Fig. 4 is an end view of Fig. 3 taken on line 4—4
of Fig. 3. -

Fig. 5 is a longitudinal main section taken on line 5—5
of Fig. 6. It shows the second embodiment of this in-
vention. It is similar to Fig. 1 except that the thrust
transmitting means are single acting cam means instead
of the double acting ones of Fig. 1.

Fig. 6 is a transverse main section taken through line
6—6 of Fig. 5.

Fig. 7 is a longitudinal main section similar to Fig.
1 taken through line 7—7 of. Fig. 8, and shows the
third embodiment of the invention; this embodiment
shows a stationary thrust ring as a direct thrust trans-
Iitting means, instead of a double acting rotary cam
as in Fig. 1.

Fig. 8 is a transverse main section taken on line §—8
of Fig. 7

Figs. 9 to 11 inclusive illustrate the relative keyed-
up positions of the thrust transmitting cam means rela-
tive to the drive shaft and to each other respectively, of
the first embodiment as shown in Fig. 1 of this inven-
tion. .

Figs. 12 to 14 inclusive illustrate the relative keyed-
up positions of the thrust transmitting cam means rela-
tive to the drive shaft and to each other respectively, of
1tgl_e ssecond embodiment of this invention, as shown in

ig. 5.

Figs. 15 to 17 inclusive illustrate the relative keyed-up
positions of the thrust transmitting cam means relative
to the drive shaft and each other respectively, of the
third embodiment of this invention, shown in Fig. 7.

Fig. 18 shows a fragment of the two part piston, in-
cluding the piston proper and a sliding shoe or cap
therefor.

Fig. 19 shows the wave pattern of the suction and the
delivery flow of the first embodiment of this invention
as shown in Fig. 1 and Fig. 2.

Fig. 20 shows the wave pattern of the suction and the
delivery flow of the second and third embodiments as
shown in Figs. 5 and 6, and Figs., 7 and 8 respectively
of this invention. -

Fig. 21 and Fig. 22 show the relative position of three
sets of opposed piston and cylinder assemblies when the
sets are disposed at 60° and 120° phase angles respec-
tively, relative to one another.
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Fig. 23 shows the relative disposition of the opposed
piston and ‘cylinder assemblies of one set of opposed
assemblies. '

Fig. 24 shows the relative disposition of two sets of
opposed piston and cylinder assemblies at 90° phase angle
between the sets. ) '

Fig. 25 shows the relative disposition of three sets of
opposed piston and cylinder assemblies at 120° phase
afigle between the sets.

Figs. 26 to 28 inclusive show details of the cam drive
of the third embodiment of the invention, as shown in
Fig. 7 and Fig. 8.

Fig, 29 shows the internal oil circuit of the pump or
motor constructed in accordance to the present inven-
tion. '

o Construction of the pump or motor

Referring now to. the epposed piston and cylinder type
pumps or motors, such as shown in Figs. 1, 2, 3 and 4
and Figs. 9, 10 and 11 respectively, and more partice-
larly to pumps and moOfOrs. wherein one or more sefs of
opposed piston and: cylinder assemblies, 5—6 and 5—6,
are arranged in parallel pumping positions. in a solid,
one picce pump body 1, preferably of the solid forged
block type. The arrangement is such that two piston
and cylinder assemblies 5—6 and 5§ are arranged
in sefs of opposed assemblies about a rotary driving
and thrust transmitting means as at 17 and 20, respec-
tively, in one common meridian plane of block 1. The
manner of the assembly being such that the axis of
each opposed piston and cylinder assembly 5—6 and

56 will, lie in the same straight line so that the paired

opposed assemblies 56 and 5—6 of each set will re-
ciprocate in one common line, the common line of
dead centers.

The assemblies 5—6 and 5—6 of each set will lie
on diametrally oppesite points of bearing housing bore
2 of the driving and thrust transmitting means 17 and 20,

One or more sets of opposed pistons and cylinders
56 and 5—6, are combined in a pump housing to con-
stitute a_single or multi-row pumping unit, as. shown
in Fig. 1. The common axis of each set of opposed
assemblies 5—6 and 5—6 is parallel with the common
axis of the other sets. of opposed piston and cylinder
assemblies 58, and 5—6, and falls. in a common main
meridian plane which is. horizontal or vertical to the
block housing 1. In the present instance this plane
is vertical, and contains also the axis of rotation of
the longitudinally extending y
mitting means 17 and 20 respectively. The axis of
cach set of opposed piston and cylinder assemblies 5—6
and 5.-6 being parallel with. the axis of the other sets,
the assemblies of the multi-row combination also will
be paralle] with each other and will occupy 2 central
vertical portion of the block housing 1, as shown mor¢
particularly in Fig. 1 and Fig. 2;

Each sub-assembly 5—6 of the opposed assembly
5—6 and 56 is_provided with & set of intake and ex-
haust automatic valve means. 8 and- 10, and appropri-
ate intake and exhaust fiuid passages 7—11 and 9—12
respectively between one sub-assembly. 5-—6. and each
set of valve means 8 and 10. The complete assembly
of the entire set §—6 and 5—6 thus will include two
intake 8—8 and two exhaust 10—10 valves, two complete
sets of intake passages 7-—11 and 7—11, and two complete
sets of exhaust. passages 912 and 9—12, as shown
in Fig. 2. The arrangement is such that the axis of
the bores of the intake and exhaust passages 7—11 and
0__12 and the axis of the opposed.piston and cylinder
assemblies 5—6 and 5—6 fall in the same main trans-
verse meridian plane of the block housing. Such a
transverse meridian plane is normal to the axis of ro-
tation of the associated driving and thrust transmitting
means 17 and 20, and coincident with the central axis
of the block housing. 1.

A centrally located housing bore as at 2 will receive
and house the driving and thrust transmitting means
17 and 20, and will pass in the direction and about the
central longitudinal axis of the housing block 1.

Parallel with the center bore 2 and in the same cen-
tral horizontal meridian plane of the housing block 1
are located the main intake and exhaust fluid passages
3 and 4 of the pump. Thus the three parallel axes,
namely of the center bore 2 and of the main. passages
3 and 4, are in one and the same central meridian of
the pump housing 1. See also Fig. 2. All three bores,

driving and thrust trans-.
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namely the central bore 2 and the main fluid passages
3 and 4, are running in the same longitudinal direction
of the pump housing 1 and are disposed about parallel
axes in the said main horizontal meridian plane.

The pump is disposed in the solid block 1 of the steel
or other suitable metallic material such as nitralloy,
alloy-steel, nickel irom, aluminum forging or the like,
In this matter all pistons and cylinders 5-—6, main and
individual fluid passages 3—4 and 7—9 and 11—12 are
cast or finish bored in the solid block of steel, and there-
fore fluid losses, slip, or air infiltration through loose
joints are confined to a practical minimum. Also the
driving and thrust transmitting means 17, 20 and 21
are housed in the rigid and permanent central bore 2,
and therefore misalignment, deformation, warpage and
distortion of these vital working parts of the pump are
reduced also to a practical minimum if not fully elim-
inated.

The novel driving and thrust transmitting means 17,
20, and 21 respectively, are all disposed in a lubricated
central bore 2 of the block type housing 1. In this
manner the axis of rotation and the axis of the bore
will be coincident. The thrust transmitting means in-
clude oval shaped, double acting cam means 20a—
200—20a in the first embodiment of the invention.
Cam means 20a—20a—20a is provided for each set ot
opposed piston and cylinder assemblies 5—6 and 5—6,
and may be made integral or separable from the driv-
ing or camshaft 17 as in Fig. 1 and Fig. 2. When the
cams 20a—20a—20a are made removable from their
respective camshaft 17 a separate anti-friction roller
or ball bearing 21 may be inferposed between the cam-
shaft 17 and the housing bore 2 as at 210—21qa—21a.
The camshaft 17 then can be assembled with its three
cams 20a—208a—20a as in Figs. 9, 10 and 11 inciud-
ing the press-fitted bearings 21a—21a—21a and spacers
22 as a self-contained subassembly unit, and as such it
may be manufactured and assembled as a separate unit,
slip-fitted in the housing bore 2, and locked in it against
axial displacement by bearing snap rings 23—23. The
bearing 21 and cam assembly 200—20a—208a then can
be secured against axial displacement to the drive shaft
17 by means of shaft snap rings 19—19.

As shown in Fig. 9, Fig. 10 and Fig. 11, individual
cams 20a—20a—20a of Fig. 1 and Fig. 2 are rotated
about the camshaft 17 relative to another at 60> or
120° respectively. Comparative figure diagrams of
Fig. 21 and Fig. 22 explain this situation as follows:
since double acting cams 20a—20a—20a have di-
ametrally opposed identical cam portions as al—a2,
»i—b2 and cl—c2, it does not matter whether al—bl—
¢1 are disposed at 60° or 120° relative to one anoth-
er. When al—bl—cl are disposed at 60° phase an-
gle as in Fig. 21, the opposed and equivalent cam por-
tions a2—b2—c2 will complete the division of the cir-
cle of one revolution into six equal angles, since
6X60°=360°. When, however, the cams al—bl—-cl
phase angle relative to one anoth-
er as in figure diagram Fig. 22, the opposed cam_ por-
tions a2—b2—c2 will complete the division of the cir-
cle of one revolution into six equal angles, since again
6X60°:=360°. Thus the opposed nature of the cams
200—200—20a, corresponding to the opposed nature
and disposition of the sets of opposed piston and cyl-
inder assemblies 5—6, 5—6 and 5—6, calls for evenly
distributed phase angles between the cams. of the re-
spective sets of opposed assemblies.

This question of the phase angles of the respective
sets of multi-row opposed assemblies has great sig-
nificance, and permits a deeper insight and understand-
ing into the operation of the pump or motor of this in-
vention as hereinafter will be more specifically pointed
out in connection with- the operation of the pump. or
motor. The above described rule for the relative: dis-
position and rotation of cams 200—20a—20a with re-
spect to each other and with respect to the cam shaft
17 will be readily understood from Figs. 9, 10 and 11
if one superimposes the three cams upon cam 20a. of
Fig. 10. In this manner one obtains the diagram of
Fig. 21 wherein the cam of Fig. 9 will correspond to
cl—¢2, the cam of Fig. 10 will correspond to al—a2!
and the cam of Fig. 11 will coincide with b1—b2. That
this disposition of Fig. 21 is equivalent to the disposi-
tion of Fig. 22 was already pointed out above more spe-
cifically.
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For the sake of the principle of the invention, the
cam phase angles for a one set, for a two set, and for
a three set opposed piston and cylinder type pump are
shown in Fig. 23, Fig. 24 and Fig. 25 respectively. It
will be seen also that these latter figures enable one to
compare the opposed piston type pump of the present
invention with the radial piston type pump of conven-
tional design, as far as the equivalence of the two dif-
ferent type of pumps with regard to the effect of the
number of their pistons. Accordingly, a one set op-
posed piston pump with either single or double acting
cams is equivalent with a two piston radial pump. A
three set opposed piston pump is equivalent with a six
plunger radial pump. See Fig. 22 and Fig. 23.

This combination offers the free and unrestricted side
spaces for the main intake and exhaust passages 3 and
4. Fig. 3 and also Fig. 29 show that these convenient
and straight passages qualify the pump for a flange sus-
pension at either end of the pump around suspension
lip 37 by means of suspension tapped holes 16, and at
the same time intake and delivery of fluid is also pos-
sible from either end of the pump. This means that
the pump may be suspended as in Fig. 3 about lip 37
but the piping will be reversed and connected with the
left ends of fluid passages 3 and 4. Fig. 3 shows the
possibility for such a reversal of the piping, and the
flow of fluid in the main passages. By the same finish
of the ends of the said passages, pipe connection and
fittings will be interchangeable and will fit equally both
ends of the passages. In this manner the plugs of the
closed ends will be transferred into the open ends and
the piping of the pump may thus be reversed.

An important object of the invention comprises the
use of a high quality metallic block 1 as pump housing,
without any covers, bolts or nuts, attachments or exter-
nally removable parts. As shown in Fig. 1 and Fig. 2
this is possible by the virtue of the specific arrangement
of the pistons 5 and cylinders 6 with regard to the inter-
nal oil circuit of the pump. See Fig. 29. The arrange-
ment is such that all hydraulic means and functions are
provided in and within the solid block 1, and all mechan-
ical and driving means and functions are provided in and
within central housing bore 2 and in direct load trans-
mitting relation with the bore wall 2. Such suitable ma-
terial as nitralloy or manganese bronze may be used for
making the housing block 1.

It will be understood that while I choose the form and
shape of the block housing 1 as of a prismatic or rectan-
gular shape in the preferred embodiment, a cylindrical
shape of circular cross-section also may be used for great
advantage for certain applications. In a cylindrical solid
block, made out of coid rolled finished bar stock mate-
rial instead of cold rolled rectangular bar stock, the stock
may be sewed up for the required length, and then fin-
ished from there on. Central bore 2, cylinder bores 6
and fluid main passages 3 and 4 will be bored with equal
ease as those of the rectangular body stock 1.

The opposed piston and cylinder assembly 5—6 and
5—6 as shown in Fig. 1 and Fig. 2 has an unique dis-
position in the housing block 1 with regard to the cen-
tral bore 2, main passages 3 and 4, and individual intake
and exhaust passages 7—11 and 9—12. Ag shown in
Fig. 1 and Fig. 2, the individual intake and exhaust pas-
sages 7—11 and 9—12 are connecting the main passages
3 and 4 with the intake ports of the opposed assemblies
5—6 and 5—6. These individual passages 7—11 and
9—12 are separated by their coacting valves and valve
chambers, such as 8—31 and 10—32 respectively. Each
suction valve 8 and its coacting valve chamber 31, and
each pressure valve 16 and its coacting chamber 32 is
thus in proper communication with its respective piston
and cylinder assembly 5—6, and main supply line 3 and 4.

For efficient flow and efficient production reasons, the
first portion 7—7 of the individual suction passages, and
the first portion 9—9 of the discharge passages are in one
line and opposite to each other with respect to the respec-
tive main fluid passages 3 and 4, and both sets of pas-
sages 7—7 and 9—8 are parallel with each other and
the axis of the coacting opposed piston and cylinder as-
sembly 5—6 and 5—6. In a similar manner the other
portions of the individual intake and discharge passages
11—11 and 12—312 which connect valve chambers 31 and
32 with the ports of their coacting assembly 5—6 are
in one line and parallel with each other, and in commu-
nication with the outer ends of their coacting assembly
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5—6. The center lines of the combined passages 7T—I11-
and 9—12 of an upper assembly 5—6 are parallel with
the corresponding center lines of the combined passages
7—11 and 9—12 of a lower assembly 5—6 as in Fig. 2.
Thus the total center lines of the individual passages of
a set of opposed piston and cylinder assemblies comprises
a rectangular shaped passage such as 7—11 and 9—12,
and 7—11 and 9—12 respectively. The parallel sides of
the ‘rectangular constitute the different passages which
communicate with the valves 8—10 and $—10. Valve
chambers 31—32 are located at the corners of the right
angled parallelogram. At diagonally opposite mid-points
of the right angled parallelogram we find the ports of
the opposed piston and cylinder assemblies 5—6 and 5—6
in communication with the passages 11-—12 and 11—12,
and the main passages 3 and 4 of the pump. The axis
of all above four passages lie in a transverse plane of the
bleck 1. The said transverse plane contains also the axis
of the respective opposed assemblies 5—6 and 5—6. This
plane of one st of total individual passages for a set of
opposed pistons and cylinders is also normal to the lon-
gitedinal center meridian plane of the block 1 which
meridian contains all the axes of all the opposed assem-
blies 5—6 and 5——6. The plane of the axes of the main
intake and exhaust passages 3—4 and the plane of all the
axes of all the opposed pistons and cylinders determine
a conjugated set of main central meridian planes by their
respective parallel axes, which meridians are both longi-
tudinal and at right angles to one another.

Both ends of the central housing bore 2 are tapped or
otherwise provided for receiving fluid tight plugs 24 and
25 respectively, thus providing a fluid tight Iubricated
chamber 2 for the mechanical means 17—20—21 of the
pump. The inner faces of plugs 24 and 25 are finish-
machined in such a manner that g tight push-fit against
the coacting side faces of bearing means 21a and 21z will
seal the fluid inside the bore 2. The shaft seal 26 is pro-
vided in plug 25. For providing outlet flow for the ex-
cessive slip from the inside of the bore into suction pas-
sage 3 of the pump, a small orifice or equivalent low
pressure flow restrictive means, such as a relief valve is
provided as at 27. In this manner, if the orifice is de-
signed for 160 p. s .i., chamber 2 will contain a bath of
100 p. s. i pressurized lubricant. The rotating driving
and thrust transmitting rolling devices, such as 17—20a
and 21 will be force-feed lubricated. Impeller shaft 17
ends in a splined piece 18 so that in suspension drive a
female spline may engage it and with the impeller 17 for
driving relation.

The pump may be suspended in any desired position
as to the directions of the above named conjugated main
meridians of the block 1. It is, however, preferred that
the meridian of all axes of the assemblies 5~—6 and 5—6
be in vertical position as in Fig. 2 to thereby eliminate
side wear caused by the forces of the weight of the pis-
tons 5 against their cylinder bores 6.

Intake and exhaust valve means
for simplicity and durability so that dirt and foreign mat-
ter in the operating fnid mediom will not damage the
working surfaces of the hardened and lapped balls. A
light intake and discharge spring is provided as at 13
and 14 for prime-seating their valves 8 and 10 before
pressure is raised by the operation of the pump. After
the pump starts to operate, pressure will be raised to seat
beth of the valves 8 and 10, In a similar manner, pistons
5 are provided with a prime-seating spring 15 to seat the
pistons upon their coacting cam means 28 before the rais-
ing of sufficient pressure by the pump. Chamber plugs
33 and 35 are provided with extension means 34 and 36
so that the valve lift may be set and limited for efficient
operation of the valves. I do not want, however, to limit
my invention to this one form of valve meaxns, as the ap-
plication of the pump will more specifically determine the
best form or type of the valve which automatically may
function under the given application. Such other valve,
for instance, is a poppat valve, diaphragm valve, etc.

Referring now to the second embodiment of this in-
vention, as shown in Fig. 5 and Fig. 6 and Figs. 12, 13
and 14 respectively.

The arrangement of the parts and the hydraulic circuit
of the pump is the same as that of embodiment one, ex-
cept the cam means 200—28a—20¢ of the first embodi-
ment are changed to cam means 205—285— 205, The
keyed-up relative positions of the cam means 206—20b—
specifically in Figs. 12, 13 and 14

8 and 10 are selected
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respectively, and in Figs. 21, 92 and 25. As more clearly
shown in Fig. 13, the opposed pistons and cylinders 5—6
and 5-—6 are now not in the same pumping cycle, but
are in exactly the opposed pumping cycle, in 180° phase
angle difference. Thus when upper piston 5 is in its pres-
sure cycle, lower piston 8 is in its suction cycle, and vice
versa. A 60° or 120° phase angle rotation of the three
different sets is equivalent and the same as the 120°
rotation of the sets, because of the 18¢° phase angle dif-
ference between the assemblies 5__6 and 5—6 of one op-
posed set as shown in Fig. 21 and Fig. 22. In final re-
sult, the upper piston 5 of Fig. 13 will be in 120° phase
angle difference with the lower pistons 5—5 of Fig. 12
and Fig. 14, while the lower piston 5 of Fig. 13 will be
in 120° phase difference with upper pistons 5—8§ of Fig.
12 and Fig. 14. From the above it can be seen that the dif-
ferences between the first and second embodiments of the
invention lie in the nature of the respective cams 284
and 205 as well as in the hydraulic nature of the opposed
combinations of both embodiments. In the first embodi-
ment the double acting cam means effects simultancous
suction and pressure cycles in the respective opposed as-
semblies of a set, while in the second embodiment the
single acting cam means effects different cycles in the op-
posed assemblies of a set.

The arrangement of suction and pressare valves 8 and
10 and intake and discharge chambers 31 and 32, intake
and discharge individual passages 711 and 9—12 is the
same as in Fig. 2 of the first embodiment. Since, how-
ever, single acting cams 20b—26b—20b are different in
their mechanical characteristics against speed, load and
frictional engagement, it is useful for best results to close-
ly consider these characieristics in connection with a spe-
cific application of the pump. There is, however, further
noteworthy differences between a pump of the first em-
bodiment of Fig. 1 and Fig. 2, and of the second embodi-
ment of Figs. 5 and 6. In the first embodiment the double
acting valve arrangement 20a—28a—20a provides hydro-
static balance between the opposed pistons and cylinders
56 and 5—6 and thus any transverse load incident to
the building up of pressure in these” cylinders will be in
balance and cancelled out by the opposed assemblies.
Thus impeller shaft 17 and shaft bearings 21 will be fully
relieved from any and all hydraulic thrust loads. This
means longer bearing life and longer pump life at all op-
erating pressures.

The pump of Figs. 5 and 6 is subjected to the full
amount of the hydraulic piston load, and therefore the
bearings 21 of Fig. 5 will wear out much faster than the
same bearings of Fig. 1 under the same load and speed
conditions. It will be noted also that the camshaft 17
and the double acting. cams 20a—20a—20a in the first
embodiment constitute perfect static and dynamic balance
for the rotating masses of the sub-assembly 17—29q,
while in the second embodiment the same sub-assembly
17—20b—200—20b presents a new problem as to balance
and torsional vibrations. The cams 20b—20b—26b are
press fitted or keyed under the proper phase angle 60°
or 120° respectively to the camshaft 17 with the camshaft
bearings 21 and spacers 22 therebetween. Also there will
be a marked difference between the operation of the valve
means as hereinafter will be pointed out, when the valves
8 and 10 operate in a single or double acting pump. It
will be seen that three cams 26h—28b—20b are in static
and dynamic balance in any position of camshaft 17, but
one cam alone would not be.

It can be seen then, that in spite of the fact that the cam
means 205—206—206b of the second, and 28c—29c—20¢
of the third embodiment of this invention are in static
and dynamic unbalance individually with respect to their
camshaft 17, the cam and camshaft assembly as a whole
will be in static and dynamic balance. Namely, the cams
of both latter embodiments are rotated against one an-
other with 120° phase angle, that is in evenly distributed
radial positions around the camshaft 17, and therefore
they balance each other about the axis of said camshaft
for both static and dynamic balance. Since the cams are
always evenly distributed around the camshaft, irrespec-
tive of the number of cams provided there is more than
one and the number of sets of opposed assemblies 5—6
and 5—6 respectively, it is clear that the present design
of the driving and thrust transmitting means 17 and 20
will provide always a balanced combination of cams and
cz}mshafts. This is a great advantage of my opposed
piston- and- cylinder type of pumps, single or multi-row,
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over the radial piston and cylinder type of pumps in
which there is but one cam for all the pistons and there-
fore it is in static and dynamic unbalance. The balancing .
of a single acting cam means additional space and weight.
The present invention eliminated the necessity of such
balance, and therefore the additional space and weight
for such a balance.

Figs. 7 and 8 and Figs. 15, 16 and 17 show the third
embodiment of the invention. This embodiment is simi-
lar also to embodiment two of Figs. 5 and 6. The dif-
ference being in the utilization of a planetating thrust
ring 29 which serves as an outer race memiber of an anti-
friction bearing assembly 28 around the periphery of a
single acting cam 20¢c. The thrust ring 29 or cam 20c
includes, as the case may be, a recess 36 in its periphery
so that a full complement elongated roller bearing as-
sembly 28 may be inserted in said recess 30 for free in-
dividual and rotating rolling motion betwen the cam 20c
and recess 30 as shown by the arrow. The cam assem-
bly of this embodiment is designated by 20c in distinc-
tion fromn the previously described cams 28a and 20b
of the first and second embodiments respectively.

The relative rotation of cams 20c—20c—20c with re-
spect to each other upon the camshaft 17 is 60° or 120°
as that of the cams of the previous embodiments. In
this manner there will be six suction and six pressure
strokes of the pistons 5 during every revolution of the
pump. The advantages of the third embodiment over
the second is obvious in larger size pumps where the ec-
centricity and stroke of the pump will be too great for
the stiding friction and the accompanying development of
heat between cams 20c and pistons 5. This friction may
become a menace for the maintenance of an effective
wedge shaped oil film, and therefore in such larger pumps
and motors it becomes necessary to employ a relatively
stationary thrust ring such as 29 instead of the directly
rotating cams 20c—29c—20c. The construction and op-
eration of the full complement roller bearing 28 will be
more specifically described hereinafter in connection with
the operation of this invention. It will be seen that the
three sets of cams 20c—20c—20c will be in static and
in dynamic balance in any position of the camshaft 17.

Operation of the pump or motor

From Figs. 9 to 17 inclusive it can be seen that the
units of the three opposed sets of pistons and cylinders
operate not only as a multirow unit, but each opposed
set will constitute and consequently operate as a differ-
ent pumping unit because there is a rotation between the
cams 29 of the respective rows relative to each other,
preferably with an angle of

360 360
a=— and a=—5—
n 2n

where n is the total number of the opposed piston and
cylinder assemblies utilizing single acting or double act-
ing cams respectively. For n=3, «a==120° phase angle
for single acting cams, while for n=3, a=060° phase
angle for double acting cams. It will be seen that due to
the effect of the relative rotation of the dead center posi-
tions of the cams there will be a corresponding and simi-
lar rotation of the pumping cycles and the wave pat-
terns of the assemblies which will result in a uniform

» flow of fluid of pump supply and delivery.

In the first embodiment of the invention shown in Fig.
1 and Fig. 2 more particularly, it can be seen that in the
middle set of opposed assemblies as in Fig. 10, both pis-
tons 5—5 are in their outer dead center positions, that is
at the end of an outwardly going piston compression
stroke. After this both pistons will start to descend on
the cam and move inwardly, which movement corre-
sponds to a suction stroke in each 5—6 assembly. The
upper 5—6 assembly of Fig. 9 is 60° bchind its outer
dead center position following a clockwise rotation of

{ {he camshaft 17, and in both sub-assemblies 5—6, upper

and lower, the pistons 5 are moving outwardly to reach
the peak points of the double acting cam 20a. The op-
posed assemblies of Fig. 11, 5—6 and 53—6 upper and
lower, are 60° ahead of the assemblies of Fig. 10 and
they are in descending piston positions which means suc-
tion: in both assemblies. Since the pressure is the same
at both sides of the camshaft 17, because the upper and
lower assembly 5—6 and 5—6 are in the same pumping.

~cycle, the resulting load of the operation of the pump as
85" far as-hydraulic:load is concerned upon the camshaft 17
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is naught. And this is an outstanding feature of pumps of
the first embodiment of the invention. The hydrostatic
balance of the pistons reflects also mechanical and dy-
namic balance upon the bearings 21 of the camshaft 17
and this mechanical and dynamic balance means long,
useful life, silent operation, and the applicability of high
unit pressures in the pump. Also the double acting
nature of the cam 20z means a shorter sliding pressure
contact between cam profile and piston since there are
two pressure and two suction cycles during each revolu-
tion of the pump. The intermediate suction cycles be-
tween pressure cycles will give a chance for the cams and
pistons to cool and be ready for the next pressire cycle.
Also from the consideration of Fig. 10 it will be seen that
in a simplified pump wherein only one single set of op-
posed piston assemblies is used, such as 5—6 and 5—6,
there will be four suction and four delivery strokes during
each revolution of a single stage pump. Although two
pistons actually act as one piston, yet in an high speed
pump the delivery will be so smooth that it supersedes
any commercial expectation. And the reason for it is
that in spite of the duplication of the cycles of the op-
posed pairs 5—6 and 5--6, the wave pattern of this first
embodiment is such that the pressure waves of each pis-
ton 5 as well as the suction waves follow each other in
90° intervals due to the double acting of the cams 2€¢a.
Therefore, the resultant flow of a single set of opposed
piston and cylinder assemblies alone such as shown in
Fig. 10 is equivalent in smoothness to a four plunger
unit of the second embodiment. A four plunger unit of
this first embodiment is equivalent to an eight plunger
unit of the second embodiment. According to one con-
cept of this invention, in pumping units utilizing double
acting cams, a two row pump will have 90° phase angle
between the two cams 20z—20q of the two sets of as-
semblies 5—6, 5—5§ and 5—6, 5—¢ respectively.

Referring to Figs. 1 and 2 of the first embodiment, it
will be seen that due to the limitation of vibration and
deformation in the support 2 of the camshaft 17 and
camshaft bearings 21, the driving and thrust transmitting
means will be able to keep their alignment and will op-
erate smoothly and without excessive vibrations at sub-
stantial load transmission. When the slip fills up the
inter-spaces of bore 2 and the chamber formed by it and
the end plugs 24 and 25, the excess fluid will leave the
chamber through slip hole 27 at a predetermined set
pressure. Thus the vital moving parts of the pump are
well under pressure lubrication at all times. Slip hole
27 may be provided with an orifice or with a small relief
valve as the case may be.

With reference to the operation of valves 8 and 10
and their associated spring elements 13 and 14, it is
important to harmonize the valve liff with the actual
stroke of the coacting plunger 5 in order to obtain
smooth flow and valve operation. The maximum lift
of the valve is a function of the size of the valve seat,
the flow as well as of the speed of the pump. Chamber
plugs 33 and 35 can be so designed that plug legs 34
and 36 will limit the maximum lift of the valves to a
predetermined amount and thus give sufficient time for
the valves to return to their seats by the working pres-
sure of the pump. Since the suction valve § will be
seated  simultaneously with the opening of the pressure
valve 19, it will be understood that the closing of valve
8 and the opening of valve 10 is effected by the dis-
charge pressure of the piston and cylinder assembly 5—§
and not by the valve springs 13 and 14. The valve springs
13 and 14 are only for the purpose of pre-seating the
valves 8 and 10 during the idle periods of the pump.
The pressure valve 19 always will be seated and kept
closed by the working pressure of the main pressure line
4 as soon as pressure is raised in the line, while the
suction valve also will be kept closed by the working
pressure,

The profiles of the cams 264 may be modified without
‘departing from cr sacrificing the spirit of the invention.
The valve lift should be calculated for uniform passage
flow in 7—11 and 9—12 during the peak velocity of the
piston 5. The first rule that V4 of the diameter of the
valve seat should be used as lift gives satisfactory results.
The performance of the second embodiment shown in Fig.
5 and Fig. 6, and the third embodiment shown in Figs. 7
and 8 can be observed most conveniently from the devel-
oped illustration of the cams and camshafts as in Figs. 12
to 14 and Figs. 15 to 17 respectively, T
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‘The single acting cams 205 and 20c¢ will perform sub-
stantially in the same manner, and effect one pressure
stroke and one suction stroke during each revolution of
the pump. The phase angle of the cams is also the
same, and is given above by the invention as

@=360_360_ ;940
n 3

The points of the dead center lines of the cams, how-
ever, mark different suction cycles. Fig. 13 and Fig.
16 show the cams and the pistons in their dead center
positions. The upper assembly 5—6 is in an outer posi-
tion which marks the end of a pressure stroke in each
figure. Fig. 12 and Fig. 15 show a difference of 60°
between the pistons and the cylinders of Figs. 12 and
13, and in a similar manner the pistons and cylinders
of Figs. 14 and 17 show a difference of 60° in phase
angle with regard to the pistons and cylinders of Figs.
13 and 16. Since, however, the pistons of an opposed
set of embodiments two and three are not in the same
phase, but in 180° difference, it is obvious that in rotat.
ing the cams this phase difference must be taken into
consideration. In the calculation of the absolute and
relative phase angles of the assemblies 180°—60°—=120°
is the relative phase angle. A clear visualization can be
obtained by keeping the center cam and its assemblies
in their vertical fixed positions as shown in Fig. 13 and
Fig. 16 respectively, and then rotating the other two
assemblies, evenly distributing all three sets of opposed
piston and cylinder assemblies around the camshaft.
Then it will be seen that since there are three rows of
pistons, there is a direct distance of 120° between con-
secutive rows of pistons, but there is 60° distance be-
tween subsequent pistons of the rows. The effect of the
opposed pistons brings about the existence of these two
main figures, 60° and 120° in phase angles, whereas
actually there is only 120° between the various opposed
sets, and there is only 60° between the consecutive single
assemblies of all the various opposed sets.

Needle roller assemblies 28 and thrust ring 29 around
the single acting cam 20c, as eccentric drive, reduces slid-
ing friction between cam 20c and piston 5 to the amount
of the tangential component of the eccentricity of the cam
28c, which is very small as compared to the one-half
of the. periphery of the cam profile without the bearings
28 and thrust ring 29. In cam drives where the single
acting cam has to act bodily with sliding frictional thrust
engagement with the ends of the pistons, the path of
the friction extends to the emtire periphery of the cam
instead of the above small portion just described. The
elongated roller bearings when spaced to the total of one
needle roller diameter per bearing show a remarkable
efficiency of rolling and carrying load with capillary fluid
cage as lubricating film around the entire periphery of the
needles. Additionally, recess 30 also contains fluid by
capillary attraction, and this energized fluid in the re-
cess acts as a shock absorbing medium during the pres-
sure cycles of the pistons against shock load.

With reference to the technological processes for
finishing the pump, it will be seen from Fig. 1 and Fig.
2 that the opposed cylinder bores 6—6 and the in line
bores 7—7, 9—9, 11—12 and 11—12 of the individual
intake and exhaust passages respectively are all in op-
posed aligned position with the horizontal main meridian
plane of the pump housing 1, and therefore in one bor-
ing operation always an opposed set of cylinder bores
or fluid passages may be bored. Also in production
set-ups, all six holes for the cylinders .6 may be bored
in one multi-spindle operation.” While the passage bores
are smooth enough for the passages 7—I11 and 9—12,
the cylinder bores 6 must be finish bored or lapped and
ground in nitrited nitralloy steel blocks. Lapping and
grinding operations need the free passage of the lapping
and grinding tools through the two opposed cylinders
6—6, and therefore it can be seen that the block set-up
with open holes is suitable for rapid boring and mass
production lapping processes. The blind ends of the
passage holes 7—11 and 9—12 are plugged with tight
permanent plugs as at 38 and 39 respectively. Copper
gaskets 40 and piston plugs 41 will assure pressure tight
sealing means at the outer ends of the pistons and cylin-
ders 5 and 6.

Hollow pistons 5 may be chromium plated for ex-
treme hardness and maximum durability, and for the
reduction of sliding friction between pistons 5 and cylin-




2,607,408

11
ders 6. When the block 1 is made out of hard nitralloy,
1 prefer to make the pistons 5 also out of nitralloy and
operate the assembly 56 on all hard steel. For
smaller pump units a very efficient combination of ma-
terial is that of hard manganese bronze block 1 with
chromium plated pistons 5. With the availability of dry
ice and deep freeze chambers, it is very advantageous
in cam and shaft assembly to cool one piece and heat

_the other, and thus obtain a real squeeze. fit between
cams 20 and camshaft 17 after the equalization of the
temperatures. In this manner keys and key-ways. may
be avoided, as. they always mean undue weakening of
one member or the other, and the distortion thereof by
the cuting of the key-way.

The three embodiments of the invention shown and
described herein for the purpose of illustration are the
present preferred forms. of the inventjon, but it will

be understood that changes may be made in the specific
construction and relative arrangement of the parts with-
out departing from or sacrificing the invention as de-
fined in the appended claims.

I claim:

1. In a fluid pressure pump the combination of a
solid block housing, a central bore in said housing, a
plurality of sets of opposed piston and cylinder assem-
blies located in a vertical meridian, plane of said block,
evenly distributed along the longitudinal axis of said
block and parallel with respect to one another, each

- set including two opposed piston and cylinder assem-
blies, driving and thrust transmitting means operatively
interposed between the opposed assemblies of each set
for actuating the same, and plug means operatively en-
gaging the respective ends of said driving and thrust
transmitting means for sealing the ends of said bore and
positioning axially said first named means in said bore,
a liquid supply passage, a liquid discharge passage, said
liquid supply passage and said liquid discharge passage
being formed entirely inside of and by said block hous-
ing and disposed in opposed parallel position to each
other longitudinally in said block and in a plane nor-
mal to the plane of said opposed piston and cylinder
assemblies, valve means having individual fluid passages
for connecting each set of the opposed assemblies
alternately with said supply passage and said discharge
passage respectively, said individual fluid passages for

_each set of valve means and each set of opposed assem-
blies respectively being disposed in a transverse plane
containing the axis of said assemblies and normal to the
axis of said driving and thrust transmitting means, said
opposed
for actuating the
pump. .

2. In a fluid pressure pump the combination of a
solid block housing, a central bore disposed in 2 longi-
tudinal direction in said housing, one set of opposed
piston and cylinder assemblies, located in a vertical
meridian plane of said block, said set including two
opposed piston and cylinder assemblies, driving and
thrust transmitting means operatively interposed between
said opposed assemblies for actuating the same, 2 liquid
supply passage, a liquid discharge passage, said lquid
supply passage and said lignid discharge passage being
formed entirely inside of and by said block housing and
disposed in opposed parallel position to each other longi-

- tudinally in said block and in a plane normal to the
plane of said opposed piston and cylinder assemblies,
valve means having individual fluid passages for con-
necting each opposed assembly alternately with said sup-
‘ply passage and said discharge passage, said individual

~ fluid passages for said valve means and said set of op-
posed assemblies respectively being disposed in a trans-
verse plane containing the axis of said assemblies and
normal to the axis of said driving and thrust trans-
mitting means, said driving and thrust transmitting means
disposed in said central bore in concentric relation there-
to, and means for sealing the liquid leaking from said
cylinders into said bore and forming a fluid tight cham-
ber therewith for pressure lubrication of said driving and
thrust transmitting means.

3. In a fluid pressure pump the combination of a solid
block housing, a fluid tight chamber disposed in said
housing, sets of opposed piston and cylinder assemblies
located in a vertical meridian plane of said block, evenly
distributed along the longitudinal axis of said block and
parallel with respect to one another, each set including

pistons during suction cycles of the

assemblies including pressure responsive means :
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two opposed piston and cylinder assemblies, thrust trans-
mitting means operatively interposed between said op-
posed assemblies for actuating the same, a liquid supply
passage, a liquid discharge passage, said liquid supply
passage and said liquid discharge passage being formed
entirely inside of and by said block housing and disposed
in opposed parallel position to each other longitudinally
in said block and in a plane normal to the plane of said
opposed piston and cylinder assemblies, valve means hav-
ing individual fluid passages for connecting each opposed
assembly alternately with said supply passage and said
discharge passage, said individual fluid passages for each
set of valve means and each set of opposed assemblies
respectively being disposed in a transverse plane con-
taining the axis of said assemblies and normal to the
axis of said driving and thrust transmitting means, and
flow restrictive means operatively interposed between said
chamber and said supply passage for effecting communi-
cation between said fluid tight chamber and said liquid
supply passage and for relieving said chamber from an
excess of fluid supplied by the pressure slip of said as-
semblies.

4. In a fluid pressure pump the combination of a solid
block housing, a fluid tight chamber disposed in a longi-
tudinal direction in the center of said housing, sets of
opposed piston and cylinder assemblies located in a
vertical meridian plane of said block, evenly distributed
along the longitudinal axis of said block and parallel with
respect to one another, each set including two opposed
piston and cylinder assemblies, driving and thrust trans-
mitting means operatively interposed between said op-
posed assemblies for actuating the same, a liquid supply
passage, a liquid discharge passage, said liquid supply
passage and said liquid discharge passage being formed
entirely inside of and by said block housing and dis-
posed in opposed parallel position to each other longi-
tudinally in said block and in a plane normal to the
plane of said opposed piston and cylinder assemblies,
valve means having individual fluid passages for connect-
ing each of said assemblies alternately with said supply
passage and said discharge passage, said individual fluid
passages for each st of valve means and each set of
opposed assemblies respectively being diposed in a trans-
verse plane containing the axis of said assemblies and
normal to the axis of said driving and thrust trans-
mitting means, said last named means including pressure
responsive means for sustaining a predetermined fluid

ressure in said fluid tight chamber for the purpose of
orce-feed lubricating of said driving and thrust trans-
mitting means.

5. A housing block of polygonal cross section for fluid
pressure pumps including a central cylindrical bore, a
plurality of sets of opposed cylinders in said housing block
and opening in said bore and arranged at diametrally op-
posite points thereof, each set of opposed cylinders in-
cluding two opposed cylinders having a common axis,
the axis of all sets being parallel with each other and
lying in a common meridian plane of said housing, a pair
of parallel bores one at each side of said central bore
and extending parallel therewith, the axes of said
parallel bores and the axis of said central bore lying in
a second meridian plane of said housing, said first and
second planes being mormal to one another and inter-
secting each other longitudinally in the axis of said center
bore.

6. In a housing block for fluid pressure pumps includ-
ing a central longitudinal bore, a plurality of sets of op-
posed cylinders in said housing and opening in said bore
and arranged at diametrally opposite points thereof, each
set including two opposed cylinders, the axes of all
sets of cylinders lying in a common meridian plane of
the housing block, a pair of parallel bores lying in a
meridian plane normal to the meridian plane of the
cylinders, a plurality of sets of rectangular shaped fluid
passages provided respectively for the sets of opposed
cylinders and in communication therewith, said fluid
passages lying in the respective transverse planes of the
housing block and passing through the respective axes
of said cylinders and connecting said parallel bores with
said opposed cylinders at their outer ends respectively.

7. A fluid pressure pump including a housing, a cen-
tral bore in said housing, a plurality of sets of opposed
piston and cylinder assemblies in diametrally opposite
positions in said housing, 2 liquid supply passage, a
liquid discharge passage, said liquid supply passage and
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said liquid discharge passage being formed entirely in-
side of and by said housing and disposed in opposed
parallel position to each other longitudinally in said hous-
ing and in a plane normal io the plane of said piston
and cylinder assemblies, driving and thrust transmitting
means operatively interposed between said opposed as-
semblies for actuating the same and located in said bore,
said means including a camshaft and axially spaced cam
means fixedly secured to said camshaft one being pro-
vided for each set of opposed assemblies, said cam
means including a plurality of double acting cams evenly
distributed about said camshaft for effecting static and
dynamic balance of said first named means, anti-friction
bearing means interposed between said camshaft and said
housing bore to transmit the hydraulic thrust load be-
tween said camshaft and said assemblies to said housing
bore, and means for closing the ends of said housing
ore.

8. A fluid pressure pump including a housing, a cen-
tral bore in said housing, a plurality of sets of opposed
piston and cylinder assembiies in diametrally opposite
positions in said housing, each set including a pair of
assemblies, a liquid supply passage, a liquid discharge
passage, said liquid supply passage and said liquid dis-
charge passage being formed entirely inside of and by
said housing and disposed in opposed parallel position
to each other longitudinally in said housing and in a
plane normal to the plane of said piston and cylinder
assemblies, driving and thrust fransmitting means opera-
tively interposed in said bore between said opposed as-
semblies for actuating the same, said means including
a camshaft and axially spaced cam means fixedly secured
to said camshaft, one cam means provided for each set
of assemblies, said cam means including a plurality of
single acting cams rotated at evenly distributed phase
angles about the circumference of said camshaft, and
a thrust ring about each cam in relatively rotating posi-
tion thereto, and anti-friction bearing means interposed
between said camshaft and said housing bore to transmit
the hydraulic thrust load between said camshaft and said
assembilies to said housing bore, and means for closing
the ends of said housing bore.

9. A fluid pressure pump including a housing block,
a central bore in said housing block, a plurality of sets
of opposed piston and cylinder assemblies in diametrally
opposite positions in said housing and about said central
bore, a_liquid supply passage, a liquid discharge pas-
sage, said liquid supply passage and said liguid discharge

10

15

25

30

40

45

14

passage being formed entirely inside of and by said
block housing and disposed in opposed parallel position
to each other longitudinally in said block and in a plane
normal to the plane of said piston and cylinder assem-
blies, driving and thrust transmitting means operatively
interposed between said opposed assemblies for actuat-
ing the same and located in said bore, said means includ-
ing a camshaft and axially spaced cam means fixedly
secured to said camshaft, each cam means including a
single acting cam and associated anti-friction roller bear-
ing assemblies, said bearing assemblies including an outer
ring surrounding said cam in radially spaced relation
thereto and a full complement of anti-friction needle
roller bearings operatively interposed between said cam
and said ring in load transmitting relation thereto, said
cam means being keyed in evenly distributed radial posi-
tions with respect to said camshaft to evenly distribute
the flow of fluid of the individual sets of opposed as-
semblies respectively, and provide static and dynamic
balance for said first named means,

10. In a housing block for pressure pumps, a central
longitudinal bore, at least one set of opposed cylinders
in said housing and opening in said bore and arranged
at diametrically opposite points thereof, said set includ-
ing two opposed cylinders, the axis of said set of cylin-
ders lying in a plane passing through the axis of said
bore, fluid discharge and finid supply passages integral-
ly contained within said block and extending parallel to
said bore on opposite sides of said plane, connecting
passages provided respectively for the opposed cylinders
and in communication therewith and with said fluid
supply and fluid discharge Dbassages, said connecting pas-
sages lying transversely of the axis of said bore.
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