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19 Claims.

The present invention relates to improvements
in pumps and particularly relates to improve-
ments in high pressure, plunger-type pumps.

One of the primary objects of the present in-

improvements in pumps of the type mentioned
whereby a smooth porting action is accomplished
with respect to the plungers passing from suc-
tion to pressure ports and from pressure to suc~

vention is to provide improvements in pumps of 5 tion ports.

the type mentioned in which plungers are em- A further object of the invention is to provide

ployed to effect the pumping action and in which improvements in pumps of the type mentioned

s large volume of oil is delivered at high hy- in which the elements are interchangeable and

draulic pressures up to and in excess of five readily assembled and disassembled.

thousand pounds per square inch. 10 Other obiects of the invention will become
A further object of the invention is to provide apparent from the following specification, the

improvements in pumps of the types mentioned drawings relating thereto, and from the claims

for operation at high speeds, for example, in hereinafter set forth.

excess of 4500 R. P. M. In the drawings, in which like numerals are
Another object of the invention is to provide 15 used to designate like parts in the several views

improvements in pumps of the type mentioned
in which the plunger and associated operating
elements are of light weight to minimize bearing
joads induced by centrifugal force.

Another object is to provide a compact
plunger structure by which the plungers may be
compactly arranged radially in a plane while
at the same time maintaining adequate valve
capacity and small housing diameter.

A further object is to provide a structure of
the type mentioned having practically no side
loading of the plungers under all operating con-
ditions.

A further object is to provide an improved
structure of the type mentioned wherein the
plunger movement has 2 high suction capacity
at low speeds.

A further object is to provide an improved
pump structure whereby the return strokes of
the plungers are accomplished by centrifugal
force.

A further object of the invention is to provide
an improved pump which is in perfect hydraulic
balance, in that opposite quadrants go through
an identical cycle, and which is in perfect me-
chanical balance, statically and dynamically.

A further object of the invention is to provide
improved lubrication of the plunger actuating
means so that the pump may operate at high
speeds without developing excessive heaf.

A further object is to provide an improved
structure of the type mentioned in which the
plunger has roller elements connected thereto
and in which the roller elements run against an
outer bearing ring, or reaction member, and
in which the connections between the rollers
and plungers are such that the rollers are self-
aligning at all times, whereby the plunger load
is equally divided on the rollers.

Another object of the invention is to provide
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throughout,

Fig. 1 is an end elevational view of one illus-
trative embodiment of the present invention
having parts broken away in different longitudi-
nal planes and illustrating parts of the internal
mechanism in elevation and section;

Fig. 2 is a cross-sectional view taken sub-
stantially along the line 2—2 of Fig. 1, with the
pintle shown in elevation in its normal fixed
position;

Fig. 3 is a cross-sectional view taken substan-
tially along the line 3—3 of Fig. 1;

Tig. 4 is an enlarged plan view of the plunger
and rolier subassembly, showing such subassem-
bly in position on the rotor, and taken substan-
tially along the line 4—4 of Fig. 2;

Fig. 5 is a cross-sectional view taken substan-
tially along the line 5—5 of Fig. 4;

Fig. 6 is an elevational view of the pintle shown
in Figs. 1 and 2 and illustrating more clearly the
ports and passageways for the oil;

Tig. 7 is a bottom plan view of the left-hand
portion of the structure shown in Fig. 6;

Tig. 8 is an enlarged view of that portion of
the structure shown within the circle 8 of Fig. 1,

Fig. 9 is an enlarged cross-sectional view taken
substantially along the line 9—9 of Fig. 2;

Fig. 10 is an enlarged view of a portion of the
structure shown in Fig. 9 and illustrating the
rotor and plunger in a different position; .

Fig. 11 is a view of that portion of the rotor
shown in Fig. 9 with the plunger and actuating
members removed;

Fig. 12 is an elevational view of the axle mem-
ber disconnected from the piston;

Fig. 13 is an end elevational view of the struc-
ture shown in Fig. 12;

Fig. 14 is a bottom plan view of the structure
shown in Fig. 12;

Fig. 15 is an elevational view of the plunger
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and showing the construction of the portion for
connection with the axle;

Fig. 16 is a side elevational view of the struc-
ture shown in Fig. 15;

Fig. 17 is a top plan view of the structure
shown in Fig. 15;

Fig. 18 is a partial elevational view illustrat-
ing a modified construction for connecting the
plunger to the axle;

Fig.' 19 is a cross-sectional view taken sub-
stantially along the line 19—18 of Fig. 6; and

Fig. 20 is an end elevational view of the struc-
ture shown in Fig. 2, with parts broken away
and showing parts in cross section.

Referring to the drawings, a pump embodying
features of the present invention is illustrated,
and such a pump includes g housing having a
central section 10 having open ends and formed
with inwardly directed flanges 2 having the
inner surfaces thereof elliptical in shape, as best
seen in Fig. 1. . A reaction member 14, also el-
liptical in shape, is disposed within the housing 10
and bears against the inner surfaces of flanges
{2. End housing members 16 and 18 are secured
to opposite sides of ‘the central section (2 by
means of suitable secrews or the like and serve
to enclose the housing.

The housing 8 serves to provide the inlet
and outlet ports for the pump and also serves
as the mounting for a stationary or fixed pintle
20 which is fixedly mounted within -an axial
opening 22’ formed in housing (8.

The pintle 20 is formed with longitudinally
extending, separate bassageways 21, 22, 23 and
24 therealong which terminate adjacent one end
to close that end of the bassage and which are
plugged by means of individual plugs 30 at the
other end of the basageway. Such plugs 30 are
held against axial displacement by means of g
pin 31" which extends through a central aper-
ture through the pintle having a portion of the
bin received ‘within"cutout portions in the ad-
jacent sides of the plugs 30. :

Inlet and outlet ports are formed through the
walls of the pintle communicating ~with their
Tespective passageway. Inlet ports 25 :and 28
communicate with inlet bassageways 21 and 24,
respectively; and outlet ports 26 and 27 communi-
cate with outlet or pressure bassageways 22 and
23, respectively. Ports 25 and 28 are offset along
and around the axis.of the pintle with respect
to each other; and ports 26 and 27 are offset
along' and around the axis of the pintle with
respect fo each other.. Ports 27 and 28 are
aligned, with respect to the longitudinal axis of
the pintle and with respect to each other,

The member 18 has an axial bore 22 “within
which one end of the pintle 29 ig received; and
has a transverse hore forming an-inlet bassage-~
way 31 and an outlet bassageway 32 (Fig. 20).
The inlet passageway 31 communicates directly
with intake port 28 and communicates through
an angled, cored passageway 33 with intake port
25. Pressure port 27 communicates directly with
outlet passageway 32, and the passageway 32
communicates with pressure port 26 through an
angled, cored passageway 34.
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An inlet conduit 35 leads from a supply tank -

to the inlet 31 and is connected thereto by means
of a coupling 36. An outlet or pressure conduit
37 communicates with outlet 32 and is connected
to the housing (8 by means of 2. coupling 38.
The conduit 87 then leads to the work mecha-
nism (not shown).

The opposite end of the pintle 20 has a pair

70

75

4

of ports 39 communicating with inlet passage-
way 24 which are longitudinally spaced with re-
spect to each other, and has another pair of
diametrically opposed, longitudinally spaced
ports 40 which communicate with passageway
21. The pintle 20 also has a pair of longitudi-
nally spaced pressure ports 41 which communi-
cate with passage 22 and has another pair of
diametrically opposed pressure ports 42 which
communicate with passageway 23. 'One of each
of the pairs of ports, 39, 40, 41, and 42 lies in the
same transverse position and the other of each
of the pairs lies in another, same transverse posi-
tion, there being one of the pairs for one of the
banks of plungers and the other of the pairs for
another bank. This will be more apparent from
the description to follow.

Each of the pressure ports 41 and 42 is formed
with a central groove or slot 43 on the leading
edge, each groove being of gradually increasing
depth therearound, as shown in Fig. 10. The
purpose of these slots will be described herein-
after in connection with the operation of the
pump.

The pintle 20 projects inwardly of the hous-
ing {0 axially thereof and serves to rotatably
support a pump rotor 58. The rotor 58 is driven

by a drive shaft member 52 which is connected

thereto by means of g plurality of drive pins 54
which are: uniformly arranged around the gxis
of the drive shaft and project within apertures
56 formed in the adjacent face of the rotor 50.
As best shown in PFig. 3, the drive bins 5 have g
cylindrical portion which is received within a
complementary opening. 58 formed in the drive
member 52 and then have a tapered portion ter-
minating in a head 59 having a flat peripheral
surface. The apertures 56 in the drive member
are formed with enlarged portions around the
tapered portion of the drive pins and-terminate
in cylindrical portions 60 -of reduced diameter
against which the flat surface 59 of the drive pin
bears. Thus the drive pins. do not bear-against
the enlarged portion of the apertures 56, but
bear only in the cylindrical portion 60. The drive
pins 54 -are held against axial displacement by
means of g split ring 61 which is received within
an annular recess formed in the drive member
52 .and is also received .within complementary
grooves formed in the outer ends of the drive
pins.

The drive shaft 52 extends through 4 central
axial opening in.the housing member 16 and is
rotatably supported therein by means of a ball
bearing assembly 62. The shaft projects out-
wardly beyond the housing. member 16 and is
connected.to a suitable drive means. -An oil seal
64 is"disposed within the :outer opening of the
housing member 16 and bears against the drive
shaftin the usual way.

The rotor 50 is formed with a plurality of
banks of radially disposed bores 66 and 68, the
bores 66 of one bank being uniformly disposed
about the rotor and the bores 68 of the other
bank also being uniformly disposed about the
rotor, but the bores 68 of the second bank being
spaced to follow the bores 66 of the first bank
a distance, for example, of
the distance between the bores 66 of the first
bank where there are eleven bores in each bank.
By having the bores of one bank so offset with
respect to the bores of the other bank, separate
portings spaced .at equal decrements resulis.
The bores 66 overlie and communicate with one
of the pairs of ports 39, 40, 41, and 42; and the

about three-eighths
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bores 68 overlie and communicate with the other
of the pairs of ports. It will, therefore, be
understood that separate intake and pressure
ports, communicating with separate inlet and
outlet passageways in the pintle, are provided
for each of the banks.

However, a detailed description of the con-
struction and arrangement of the plungers and
means interconnecting the plungers with the
reaction member {4 of one of the banks or of
one of the plungers will be sufficient for an under-
standing of the construction and arrangement of
the other plungers and their interconnecting
means. Such constructions are best shown in
Figs. 4, 5, and 9 through 17. The rotor §0 has
a central opening 19 therethrough which rotates
on the pintle 20 with one end of the rotor run-
ning against the adjacent face of housing mem-
ber 18 and the other end connected to the drive
52. The rotor 50 is formed with axially spaced,
annular grooves 14 which form therebetween
outwardly directed annular flanges 76 and 18,
the flanges 16 having the bores 66 for one of the
banks of bores formed therethrough and the
fiange 78 having the bores 68 for the other bank
of bores formed therethrough. The bores 66
extend completely through the rotor 50 from the
outer end thereof through openings 70 and are
of uniform diameter throughout their length. In
the flange portions of the rotor, such as flange
16, transverse slots 80 are cut through the bores
66 in the flange portion, in a direction transverse
to the direction of rotation of the rofor, pro-
viding parallel faces 82 on opposite sides of each
bore.- The purpose of the slot 80 and the parallel
faces 82 will be more apparent from the latter
description.

A cylindrical plunger 84 is disposed within
each of the bores 66 (and alsc each of the bores
68). Such plungers 84 are adapted to reciprocate
within their bores as the rotor 50 rotates and are
moved outwardly by centrifugal force caused by
such rotation. The axial movement or position of
the plungers is controlled through a connection
between the outer ends of the plungers and the
reaction member {4 as the rotor 50 rotates.

The plunger 84, as best seen in Figs. 15 through
17, is formed with an annular, pressure-balancing
recess 86 and is flat at its inher end. At the
outer end it is formed with an integral projection
88 which is generally circular in cross section
and which extends completely across the top
of the plunger.

Means are provided for interconnecting each
plunger 84 with the reaction member {4 of such
a character that there is practically no side
loading of the plunger and also of such a char-
acter that it is self-aligning at all times whereby
the plunger load is equally divided on roller
means which engage the reaction member.

Thus interconnecting means include (Figs. 12
through 14) an axle or equalizing member gener-
ally indicated at 99. Such axle 90 is ruggedly
constructed and includes a central portion 92
having flat parallel sides and having the outer
end crowned as shown in Fig. 12. 'The outer
sides of member 90 are formed to provide bearing
trunnions %4 with the inner surfaces thereof
flattened as indicated at 96. The central portion
92 is formed with a transversely extending recess
98 which is complementary in transverse section
to the transverse sectional shape of projection 88
and is adapted to slidably receive the projection
88 therein. The recess 98 is formed in the direc~
tion of rotation of the rotor, and when positioned
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in the rotor the projection 88 extends in the same
direction. The flat sides of central portion 92
are adapted to bear against the parallel sides 82
of slot 80 in the rotor as the plunger reciprocates.

Rollers or wheels 102 are rotatably mounted on
the trunnion portions 94 of the axle 90, through
bearing sleeves 104 when assembled, as shown in
PFigs. 4 and 5. The trunnions and wheels are
received within the annular groove 14 with the
peripheral portions of the wheels received within
annular grooves 106 formed in the bases of
groove 14.

Means are provided for lubricating the wheels
and such means include diametrically opposed
openings 108 formed through the wall of plunger
84 and communicating with the exterior of the
plunger through slots 109. The openings 108
communicate through separate passageways {10
with upwardly directed, separate passageways
112. Such passageways |12 open through the top
of each plunger on opposite sides of the projec-
tion 88 and a portion of such projection is re-
moved on the sides of the projection immediately
above the openings as indicated at 114 in Fig. 16.
Thus, oil enters through openings 108 and passes
upwardly through passageways 12 into the space
between the projection 88 and the complementary
recess 98 in the axle 90. Slots 116 are formed
through the inner portons of central portion 92
of the axle providing communication from the
space within recess 98 to the flattened portions
96 of trunnions 94. Continuations of such
grooves are formed in the flattened portions of
trunnions 94 as shown at ({8 in Fig. 14. Other
transverse grooves 120 are formed in the flats
86 communicating with grooves 118 so that pas-
sages for the oil are provided from openings {08
to the wheel bearing portions on the trunnions.

In assembly, the axle 90 is slidably mounted to
the projection 88 on the plunger 84. This slidable
connection will permit a slight aligning move-
ment between axle 90 and plunger 84 in the direc-
tion of rotation of the rotor. The connection be-
tween groove 98 and projection 88 will permit a
slight rocking action of the axle so that the
wheels 102 are self-aligning in their engagement
with the reaction member {4 as the rotor rotates.

Due to the self-alignment of the axle member
80 in its interconnection between the plunger 84
and the reaction member {4, there is practically
no side loading on the plunger during rotation
of rotor §0. The axle 80 is free, in a limited way,
to slide and rock, in planes at right angles to
each other, with respect to the plunger 84 and
also with respect to the engaging surfaces 82.
As the plunger 84 is caused to reciprocate within
its cylinder 66 the forces applied to the plunger
are directly along its axis. Since the bore 66 is
of uniform diameter throughout its length, the
piston 84 is completely supported throughout its
stroke; that is, the outer portion of bore 66 en-
gages the piston 84 when the piston is at the outer
end of its stroke and such piston is supported
completely along its length throughout its stroke.

In the operation of the device above described,
oil enters through conduit 35 into passageway 31
and into intake passageways 21 and 24. Pas-
sageway 2! communicates with bores 66 and 68
through ports 40; and passageway 26 communi-
cates with such bores at a.diametrically opposed
position. Pressure passageway 22 communicates
with the cylinder bores 66 and 68 through pres-
sure ports 41; and pressure passageway 23 com-
municates with such cylinder bores through pres-
sure ports 42. Pressure ports 41 and 42 are
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diametrically opposed. - It will be understood
that by the elliptical construction of the.reac-
tion member 14 with the axis of rotation of the
rotor centrally disposed, there will be two intake
strokes and two delivery strokes of each plunger
for each rotation of the rotor. With the intake
strokes occurring in opposite quadrants and the
delivery strokes in opposite quadrants, the pump-
ing forces are therefore balanced.

The ports are so arranged that the plungers are
in their innermost positions' as they approach
suction ports 39 and 40 and move outwardly in
passing across such ports to an outermost posi-
tion prior to reaching the leading edges of pres-
sure ports 41 and 42. In passing across the pres-
sure ports, the plungers are moved inwardly so
that the oil collected in the bores inwardly of the
plungers is discharged under pressure through
such ports into the pressure passageways 22 and
23 and passes out of the pressure ports 26 and
271 through passageway 32 into conduit. 37.

It will be appreciated that as the plungers 84
leave the following edges of the pressure ports
that there will be a certain amount of trapped
oil under pressure between the inner end of the
plungers and the peripheral surface of the pin-
tle. The lands, or spaces, on the peripheral por-
tions of the pintle between the following edges
of the pressure ports and the leading edges of the
intake or suction ports are of such length as to
permit enough travel of the rotor to allow the
plungers to move outwardly so that the pressure
of the trapped oil is reduced to a point that
when the bores communicate with the intake
passageways there will be an equalizing of pres-
sure' which will prevent hydraulic hammer.

The grooves 43 in the leading edges of the
pressure ports are such as to provide bleeding
communication between the pressure ports and
the bore spaces inwardly of the plungers as the
plungers move toward and across the pressure
ports. These grooves serve to gradually equalize
the pressure in the pressure port and that of the
trapped oil in the space inwardly of the plunger
at this stage to eliminate hydraulic hammer.
This position just referred to is illustrated in Fig.
10 where the plunger 84 is approaching pressure
port 41. . It will be seen that the bore space in-
wardly of the plunger isin communication with
the pressure port through groove 43.

In Fig. 18 a modified connection between
plunger 84 and axle 90 is illustrated. 'The con-
struction of the axle 90 is the same as that sbove
described and instead of the transversely ex-
tending projection 88 on the top of plunger 84,
a centrally located ball head 120 is integrally
formed with the plunger 84. Such ball head 120
is received within the recess 98 in the same man-
ner as the projection above described. - The ac-
tion of the inner connection between the plunger
and the reaction member is the same.as that
above described, except that in the preferred
embodiment above described, a more rugged con-
struction is provided. That more rugged con-
struction has advantages in high' speed, high
pressure pumps.

What is claimed is:

1. In a pump structure, a housing, a reaction
member disposed-within said housing, a. rotor
having radial-bores disposed within said housing,
a plunger in each bore, an axle extending trans-
verse to the direction of rotation of the rotor
for each plunger, means on said axle adapted to
engage said reaction member to control the axial
movement of said plunger, means connecting the
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axle to the outer end of the plunger, said last-
named means being constructed to permit lim-
ited relative movement between the axle and
the plunger in all directions except axially of the
plunger.

2. In a pump structure, a housing, a reaction
member -disposed within said housing, a rotor
having radial bores disposed within said hous-
ing, a plunger in each bore, an axle extending
transverse to the direction of rotation of the
rotor for each plunger, rolling means on each
end of said axle adapted to engage said reac-
tion member to control the axial movement of
said plunger, means connecting the axle to the
outer end of the plunger, said last-named means
being constructed to permit limited relative
movement between the axle and the plunger in
all directions except axially of the plunger.

3. In a pump structure, a housing, a resction
membper disposed ‘within. said housing, a rotor
having radial bores disposed within said housing;
a plunger in each bore, an axle extending trans-
verse to the direction of rotation of the rotor
for each plunger, a wheel rotatably mounted on
each end of said axle to engage said reaction
member to control the axial movement of said
plunger, means connecting the axle to the outer
end. of the plunger, said last-named means be-
ing constructed to permit limited relative move-
ment between the axle and the plunger in all
directions except axially of the plunger.

4. In a pump structure, a housing, a reaction
member disposed within said housing, a rotor
having radial bores disposed within said hous-
ing, a plunger in each bore, ah axle extending
transverse to the direction of rotation of the
rotor for each plunger, rolling means on- each
end of said axle adapted to engage said reaction
member to control the axial movement of said
plunger, means connecting the axle to the outer
end of the plunger, said last-named means com-
prising a projection on the end of the plunger
having a substantially circular cross-sectional
configuration in a plane in the direction of ro-
tation of the rotor, and a groove. of comple-
mentary cross section on the adjacent side of
the axle adapted to receive said projection there-
in, said last-named means being constructed to
permit. limited rocking movement between the
axle and the plunger in a plane transverse to the
direction of rotation of the rotor.

5. In a pump structure, a housing, a reaction
member disposed within said housing, a rotor
having radial bores disposed within said hous-
ing, a plunger in each bore, an axle extending
transverse to the direction of rotation of the
rotor for each plunger; rolling means on each end
of said axle adapted to engage said reaction mem-
ber to control the axial movement of said:
plunger, means connecting the axle to the outer
end of the plunger, said last-named means com-
prising a projection on the end of the plunger ex-
tending across said- plunger in the direction of
rotation of the rotor and having s substantially
circular cross-sectional configuration in a plane
in the direction of rotation of the rotor, and a
groove of complementary cross section extending
across the adjacent side of the axle adapted to
slidably receive said projection therein, said last-
named means being constructed to permit limited
rocking movement between the axle and the
plunger in a plane-transverse to the direction of
rotation of the rotor.

6. In a pump structure, a housing, a reaction
member disposed’ within said housing, a rotor
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having radial bores disposed within said housing,
a plunger in each bore, an axle extending trans-
verse to the direction of rotation of the rotor for
each plunger, a wheel rotatably mounted on each
end of said axle adapted to engage said reaction
member to control the axial movement of said
plunger, means connecting the axle to the outer
end of the plunger, said last-named means com-
prising a projection on the end of the plunger ex-
tending across said plunger in the direction of
rotation of the rotor and having a substantially
circular cross-sectional configuration in a plane
in the direction of rotation of the rotor, and a
groove of complementary cross section extending
across the adjacent side of the axle adapted to
slidably receive said projection therein, said last-
named means being constructed to permit limited
rocking movement between the axle and the
plunger in a plane transverse to the direction of
rotation of the rotor.

7. In a pump structure, a housing, a reaction
member disposed within said housing, a rotor hav-
ing radial bores disposed within said housing, &
plunger in each bore, an axle extending trans-
verse to the direction of rotation of the rotor for
each plunger, rolling means on each end of said
axle adapted to engage said reaction member to
control the axial movement of said plunger, means
connecting the axle to the outer end of the
plunger, said last-named means comprising. a ball
head on the end of the plunger, and a groove of
substantially circular cross section on the ad-
jacent side of the axle adapted to receive said ball
head therein, said last-named means being con-
structed to permit limited rocking movement be-
tween the axle and the plunger in a plane trans-
verse to the direction of rotation of the rotor.

8. In a pump structure, a housing, a reaction
member disposed within said housing, a rotor
having radial bores disposed within said housing,
means forming slots. through the opposite walls
of said bores at the outer portions thereof in a
direction transverse to the direction of rotation
of the rotor, s plunger in each bore, an axle
extending transverse to the direction of rotation
of the rotor for each plunger and slidably receiv-
able in said slots, rolling means on each end of
said axle adapted to engage said reaction mem-
ber to control the axial movement of said plunger,
means connecting the axle to the outer end of the
plunger, said last-named means comprising a
projection on the end of the plunger having a
substantially circular cross-sectional configura-~
tion in @ plane in the direction of rotation of the
rotor, and a groove of complementary cross sec-
tion on the adjacent side of the axle adapted to
receive said projection therein, said last-named
means being constructed to permit limited rock-
ing movement between the axle and the plunger
in a plane transverse to the direction of rotation
of the rotor.

9. In g pump structure, a housing, a reaction
member disposed within said housing, a rotor hav-
ing radial bores disposed within said housing,
means forming parallel slots through the opposite
walls of said bores at the outer portions thereof
in a direction transverse to the direction of rota-
tion of the rotor, a plunger in each bore, an aXle
having parallel walls in the central portion there-
of extending transverse to the direction of rota-
tion of the rotor for each plunger and slidably
receivable in said slots with said axle walls slid-
ably engageable with the adjacent slot walls, roll-
ing means on each end of said axle adapted to
engage said reaction member to control the axial
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movement of said plunger, means connecting the
axle to the outer end of the plunger, said last-
named means comprising a projection on the end
of the plunger having a substantially circular
cross-sectional configuration in a plane in the
direction of rotation of the rotor, and a groove
of complementary cross section on the adjacent
side of the axle adapted to receive said projection
therein, said last-named means being constructed
to permit limited rocking movement between the
axle and the plunger in a plane transverse to the
direction of rotation of the rotor.

10. In a pump structure, 2 housing, a reaction
member disposed within said housing, a rotor
having radial bores disposed within said housing,
means forming parallel slots through the opposite
walls of said bores at the outer portions thereof
in a direction transverse to the direction of rota-
tion of the rotor, a plunger in each bore, an axle
having parallel walls in the central portion there-
of extending transverse to the direction of rota-
tion of the rotor for each plunger and slidably
receivable in said slots with said axle walls slid-
ably engageable with the adjacent slot walls, a
wheel rotatably mounted on each end of said axle
adapted to engage said reaction member to con-
trol the axial movement of said plunger, means
connecting the axle to the outer end of the
plunger, said last-named means comprising a pro-
jection on the end of the plunger extending across
said plunger in the direction of rotation of the
rotor and having s substantially circular cross-
sectional configuration in a plane in the direction
of rotation of the rotor, and a groove of comple-
mentary cross section extending across the ad-
jacent side of the axle adapted to slidably receive
said projection therein, said last-named means
being constructed to permit limited rocking move-
ment between the axle and the plunger in a plane
transverse to the direction of rotation of the rotor.

11. In a pump structure, a housing, a reaction
member disposed within said housing. a rotor
having radial bores disposed within said housing,
means forming parallel slots through the opposite
walls of said bores at the outer portions thereof
in a direction transverse to the direction of rota-
tion of the rotor, a plunger in each bore, an axle
extending transverse to the direction of rotation
of the rotor for each plunger, said axle having
parallel walls in the central portion thereof and
terminating at the ends in trunnion portions, said
axle being slidably receivable in said slots with
said axle walls slidably engageable with their
adjacent slot walls, wheels rotatably mounted
on said trunnion portions adapted to engage said
reaction member to control the axial movement
of said plunger, means connecting the axle to the
outer end of the plunger, said last-named means
being constructed to permit limited relative move-
ment between the axle of the plunger in all
directions except axially of the plunger.

12. In a pump structure, a housing, a reaction
member disposed within said housing, a rotor
having radial bores disposed within said hous-
ing, means forming parallel slots through the
opposite walls of said bores at the outer portions
thereof in a direction transverse to the direction
of rotation of the rotor, a plunger in each bore,
an axle extending transverse to the direction of
rotation of the rotor for each plunger, said axle
having parallel walls in the central portion there-
of and terminating at the ends in trunnion por-
tions, said axle being slidably receivable in said
slots with said axle walls slidably engageable with
their adjacent slot walls, a wheel rotatably
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mounted on each of said trunnion portions adapt-
ed to engage said reaction member to control
the axial movement “of said plunger, means con-
necting the axle to the outer end of the plunger,
said last-named means comprising a projection
on the end of the plunger having a substantially
circular cross-sectional configuration in a plane
in the direction of rotation of the rotor, and a
groove of complementary cross section on the
adjacent side of the axle adapted to receive said
projection therein, said last-named means being
constructed to permit limited rocking movement
between the axle and the plunger in g plane
transverse to the direction of rotation of the
rotor,

13. In a pump structure, a housing, a reaction
member disposed within said housing, a rotor
having radial bores of uniform diameter through-
out the length thereof disposed within said hous-
ing, means forming parallel slots through the
obposite walls of said bores at the outer portions
thereof in a direction transverse to the direc-
tion of rotation of the rotor, s plunger in each
bore, an axle having parallel walls in the cen-
tral portion thereof extending transverse to the
direction of rotation of the rotor for each plunger
and slidably receivable in said slots with said
axle walls slidably engageable with their adja-
cent slot walls, rolling means on said axle adapted
to engage said reaction: member to control the
axial movement of said plunger, means connect-
ing the axle to the outer end of the plunger, said
last-named means being constructed to permit
limited rocking movement between the axle and
the plunger in a direction transverse to the direc-
tion of rotation of the rotor.

14. In a pump structure, s housing, a reac-
tion member disposed within said housing, a rotor
having radial bores disposed within said housing,
a plunger in each bore, an axle extending trans-
verse to the direction of rotation of the rotor
for each plunger, rolling means mounted on each
end of said axle adapted to engage saig reaction
member to control the axial movement of said
plunger, means connecting the axle to the outer
end of the plunger, and lubricating means for
said rolling means, said lubricating means includ-
ing passageways in each plunger extending from
openings in the side wall of said plunger inter-
mediate the ends thereof. radially outwardly to
openings in the outer end of said plunger, and
grooves in the inner surface of said axle com-
municating with said end openings and extend-
ing sidewardly adjacent said rolling means.

15. In a pump structure, a housing, a reaction
member disposed within said housing, a rotor
having radial bores disposed within said housing,
a plunger in each bore, an axle extending trans-
verse to the direction of rotation of the rotor
for each plunger, rolling means mounted on each
end-of said-axle adapted to engage said reaction
member to control the axial movement of said
plunger, means ¢onnecting the axle to the outer
end of the plunger, and lubricating means for
said rolling means, said lubricating means includ-
ing separate passageways in each plunger extend-
ing from opposite openings in the side wall of
said plunger intermediate the ends thereof ra-
dially outwardly to openings in the outer end
of said plunger on opposite sides of said con-
necting means, and grooves in the inner surface
of said axle on opposite sides of said connecting
means communicating with their adjacent end
openings and extending sidewardly adjacent said
rolling means,
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16. In a pump structure, a housing, a reaction
member disposed within saiq housing, a rotor
having radial bores disposed within said hous-
ing, a plunger in each bore, an -axle extending
transverse to the direction of rotation of the rotor
for each plunger, rolling means mounted on each
end of said axle adapted to engage said reaction
member to control the axial movement of said
plunger, means connecting the axle to the outer
end of the plunger, said last-named means com-
prising a projection on the eng of the plunger
having’ a substantially circular ‘cross-sectional-
configuration in a plane in the direction of rota-
tion of the rotor, and a groove of complementary
cross section on the adjacent side of the axle
adapted to slidably receive said projection there-~
in and lubricating means for said rolling means,
said Jubricating means including separate pas-
sageways in each plunger extending from oppo-
site -openings in the side wall of said plunger
intermediate the ends thereof radially outwardly
to openings in the outer end of the plunger on
opposite sides of the projection, and grooves in
the inner surface of said axle on the opposite
sides of said first-named groove communicating
with their adjacent end openings and extending
sidewardly adjacent said rolling means.

17, In a pump structure, g housing, a reaction
member  disposed within said housing, a rotor
having radial bores disposed within said hous-
ing, a plunger in each bore; an axle extending
transverse to the direction of rotation of the ro-
tor for each plunger, a wheel rotatably mounted
on each of said trunnion portions adapted to en-
gage said reaction member to control the axial
movement of said plunger, means connecting the
axle to the outer end of the plunger, said last-
named means comprising g projection on the end
of the plunger having a substantially circular
cross-sectional configuration in a plane in the
direction of rotation of the rotor, and a groove of
complementary cross section on the adjacent side
of the axle adapted to slidably receive said pro-
jection therein, and lubricating means for said
wheels, said- lubricating means including sep-
arate passageways in each plunger extending
from opposite openings in-the side wall of said
plunger -intermediate the ends thereof radially
outwardly ‘to openings in the outer end of the
plunger on opposite sides of the projection, and
grooves in the inner surface of said axle on the
opposite sides of said first-named groove comi-
municating with-their adjacent top openings and
extending sidewardly adjacent said wheels.

18. In a pump structure, g housing, a reaction
member . disposed within said housing, a rotor
having radial bores disposed within said housing,
a plunger in each bore, an axle extending trans-
verse to the direction of rotation of the rotor for
each plunger, said axle terminating at the ends
in trunnion portions, a wheel rotatably mounted
on each of said trunnion portions adapted to en-
gage said reaction member to control the axial
movement of said plunger, means connecting the
axle to the outer end of the plunger, said last-
named means comprising a projection on the end
of the plunger having a substantially circular
cross-sectional configuration in a plane in the di-
rection of rotation of the rotor, and a groove of
complementary cross section on the adjacent side
of the axle adapted to slidably receive said pro-
jection therein, and lubricating means for said
wheels, said lubricating means including sepa-
rate passageways in each plunger extending from
opposite openings in the side wall of said plunger
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intermediate the ends thereof radially outwardly
to openings in the outer end of the plunger on
opposite sides of the projection, and grooves in
the under surface of said axle on opposite sides of
said first-named groove communicating with their
adjacent end openings and extending sidewardly
adjacent said trunnion portions to supply lubri-
cant thereto.

19. In a pump structure, a housing, a reaction
member disposed within said housing, a rotor
having radial bores disposed within said hous-
ing, means forming parallel slots through the
opposite walls of said bores at the outer portions
thereof in a direction transverse to the direction
of rotation of the rotor, a ‘plunger in each bore,
an axle extending transverse to the direction of
rotation of the rotor for each plunger, said axle
having parallel walls in the central portion
thereof and terminating at the ends in trun-
nion portions, the inner sides’of said trunnion
portions being flat, said axle being slidably re-
ceivable in said slots with said axle walls slid-
ably engageable with their adjacent slot walls, a
wheel rotatably mounted on each of said trun-
nion portions adapted to engage said reaction
member to control the axial movement of said
plunger, means connecting the axle to the outer
end of the plunger, said last-named means com-
prising a projection on the end of the plunger
having a substantially circular cross-sectional
configuration in a plane in the direction of rota-
tion of the rotor, and a groove of complementary
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cross section on the adjacent side of the axle
adapted to slidably receive said projection therein,
said last-named means being constructed to per-
mit limited rocking movement between the axle
and the plunger in a plane transverse to the di-
rection of rotation of the rotor, and lubricating
means for said wheels, said lubricating means
including separate passageways in each plunger
extending from opposite openings in the side wall
of said plunger intermediate the ends thereof
radially outwardly to openings in the outer end
of the plunger on opposite sides of the projec-
tion, grooves in the under surface of said axle
on opposite sides of the first-named groove com-
municating with their adjacent end openings and
extending sidewardly in communication with the
flats on said trunnion portions, and grooves eX-
tending across said flats.

JAMES F. HOFFER.
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