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UNITED STATES PATENT OFFICE

2 604,047
TWO-STAGE HYDRAULIC PRESSURE PUMP

Bernard Beaman, Julius Hulman, and Robert A
- Stein, Dayton, Ohio; said Beaman: and. said
-Stein agsignors to said Hulman

Appliea;tion Sepntember 19, 1945; S,e'ri‘al No. 617,424 ‘
' 13 Claims. (CL:163—5) '

. (Granted under the act of March 3, 1883, as
, am‘end«ed April 30, 1928;°.370 O. G. '75‘7)] o

The 1nvent10n described herein may be manu-
factured and used by or for the Government for

governmental purposes Wlthout the payment to |

us.of any royalty thereon.

..Our present invention is related in subJect

matter to our co-pending applications, Serial No.
=a82 376 filed. March 12, 1945, now Patent No.
2,459 786 . of January. 25, 1949 and Serial No.
508,356 filed June 8, 1945, now Patent No. 2,495,685
Aof J. anualy 31, 1950, and.in general is a hydrauhc
pressure. pump -of two- stave charactér which is
designed for efﬁvlent operatlon at extremely
high pressures in the second stage

- One ,object..of - the invention is to. provide a
_two stage pump which is compact in design and
,Slmple of construotlon, involving but few parts
‘Whrch can be. readlly Iabrlcated and assembled

Another obJect is to prov1de a .pump wherem

1loaded ‘bearings are minimized, the thrust Torces o
Jbeing taken by statlonary thrust ‘surfaces and’g

Dbail bearmg arrangement being provided be-
tween, a-cam face and the pistons of the high
pressure pump. -

Still another obJect 1s to prov1de a pump
wherein- effective seals. agalnst ﬁuld loss are ‘pro-
-vided in a slmple manner.

A further . object is to prov1de a ﬁrst stage

Jbump of,sliding vane type and a second-stage .

bump. comprising a rotatable . barrel having

cylinder: . bores therein with plstons provnied in &

the. bores ar\d shdable under the. actmn of a. eam

‘pump to, the low pressure pump seotlon ‘angd then
‘to: the high pressure pump section and: back to , -
) the outlet being comparatwely chrect. and cover- ]

ing but a short distance,
lence and condun: fI‘lCthA . :
Stlll a, further obJect is-t .ﬂoaﬁmgly mo nt the

fbarrel .of the h1gh pressure pump 50 that it
t ;

‘under the force of 1nternal *pressure,,
;housmnr and actmg on- partlally cles
. bore, ends oi the ! pump, and:to, pr0V1de
:—valve for such pressure to. mamtam i

;;des1red pressure.. :
~-:An additional obJect IS to prov1de a 1

pump wherein the mechamsm of two pumps in, ‘

25 R
serles is bu11t mto one housing to form a com-
pact, self-contained unit.

Ancther additional object is to p10V1de a, high
pressure piston pump which is pressurized-by a
low pressure vane pump, the vane pump over-
feeding the piston pump and having a pressure

. relief means from the outlet of the vane pump to-

the inlet thereof to thus maintain a predeter-
mined. charging pressure -for the piston pump
which forces the pistons against the cam with-
out. the necessity of providing return springs,

linkage or.some other mechanical means for thls )

purpose..
‘Stin another ‘additional object 'is “to provxde

[ ) structure which ean be rotated in‘one direction

for pumping liquid, and can be readily adjusted

for rotation in the opbosite direction by turning
‘an end plate and a valve plate through 180° 'of
‘movement,

A further additional obJect is to bleed the

 excess ‘capacity of the vane pump into’ the' body

of the piston or main pump through the relief
valve . whereby. the by- passed liguid prov1des a
crrculatmg coohng fluid for reducing the tem-

.perature: rise "of the pump . and to prov1de a

lowered. operating temperature within the pump.
Still a further additional object is to provide a

‘novel ball bearing arrangement between a creep

plate and a cam which is désigned t0.reduce con-
tact. pressure appreciably ~and to provide ex-
tremely ‘high thrust forces as foung’ necessary

;when pumping liguid at éx tremely high pressure,
'Vsuch gs three thousand pounds per square:. inch.

Other additional objects are to provrde a modi-

’"ﬁed structure wherein'a cam plate may be ad-
4_3115(36(‘1 as’to 1nchnat10n for changmg the ‘degiee
‘of recibrocation of pump plungers and to provide
8] Ineans for. automatrcally adJustmg the position
. .of the. .cam platé i
L( :hvered by tL e..pump' '

response 0. the pressure e-. .

Flg 2. 1s a 1ear elevatlon thereof
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Fig. 3 is vertical sectional view on the line
3—3 of Fig. 2;

Fig. 4 is a sectional view on the line 4—4 of
Tig. 2 showing a relief valve between the outlet
and the inlet of the low pressure pump;

Fig. 5 is a sectional view on the line 5—5 of
Fig. 2;

Fig. 6is a sectional view on the line 6—6 of
Fig. 5 showing the end of the pump housing and
the ported end of the high pressure cylinder
barrel therein;.

Fig. 7 isa sectmnal view on the line 7—T of
Fig. 5 showing the low pressure pump and a
portion of the porting arrangement;

Fig. 8 is a sectional view on the line 8—8 of
Fig. 5 showing a rear elevation of the valve

plate between the low pressure pump and the:

high pressure pump and the porting arra,nge-
ment therethrough;
Fig. 9 is a sectional view on the line 9——9 of
Fig. 5 showmg the front view of the valve plate;
Pig. 10 is a sectional view on the line 10—I10
of Fig. 5 showing a front view of the rear end

plate of the pump and a front view of the stator.

and rotor of the low pressure pump;

. PFig. 11 is a sectional view similar to a portion
of Fig. 3 showing a modified bearing construe~
t1on for the cam and creep plate;

“Pig. 11a'is a face view of 2. creep plate showni

in Pig. 11.

Fig. 11b is a face view of a modified form of
creep plate.

Pig. 11lc is an’ enlarged sectmnal V1ew on the
lme fic—I{1c of Fig. 11b;
- Fig. 12 is a sectional view similar to a portion
of mig. 3 showing a, modified construction where-
in ‘a cam "plate, instead of ‘being stationary as
in the previous figures of the drawing, is adjust-
able as to inclination for thereby varying the

reciprocatory strokes of the plstons in the high-

pressure pump; .

. "PFig. 13 'is a secmonal view on the line 13—13
of Fig. 12 showing details of construction of the
modified form of our 1nvent10n shown in F1g
12; and

=
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15.
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in the end plate 18 and the sleeve 34 is retained
in the cam 24. Loosely splined at 42 on the
barrel drive shaft 36 is a barrel 44 having a flat
sealing face 50 to contact with a fiat sealing face
52 of the valve plate 16. The loose splining of
the barrel 44 to the shaft 36 permits ready con- :
formity of the face 50 to the face 52.
Circumferentially spaced cylinder bores 54
are provided in the barrel 44 having an annular
shoulder 46 engaging the shaft 36 for guide pur-
poses, and in ‘each cylinder bore-a plunger-like
piston 5§ is reciprocable. Each cylinder has a
cylinder- port 58 of the shape shown in Fig. 6
and of somewhat less cross-sectional area than
the area of the cylinder bore itself, in order to
provide the necessary thrust force between the
barrel 44 and the valve plate 16 by internal pres-

- sure acting on the cylinder bore ends surround-

20

25

30

35

40 -

" Fig. 14.1s a’ sectional view of a mod1ﬁed formi

of: pressure responsive regulatlng means for the
‘cam plate of Fig. 12 ‘
N ‘On’ the accompanying drawings we have used
_the reference numeral 10 to indicate a cylindri-
cal pump housing. " The housing (0 has an end
plate 12° at its front. end which constitutes a
mounting flange for mounting the housing, for
instance, on-an aireraft engine. For mounting
‘purposes, bolts or screws may extend through
“"perforations 14 of the flange 12 and thread znto
the supporting surface. -

A valve plate 16 is mounted on. the back end of
“the housing and a réar end plate 18 is mounted
against the valve plate, as by cap screws” 20,

50

55

60

‘with a suitable gasket or sealing ‘compound be= -

tween the parts 10, 16~ and {8.
mounted in the" ‘housing (0 and is retained
against rotation relative thereto by a key’ 25
“(see Fig. 3). “The cam is’ pos1t1oned next: to the

A cam 24 is-

65

end ‘plate 12, and the end plate itself is retamed' )

in pos1t1on ag by cap screws 15.° The cam 24°has;
a bearmg Tace 26 receiving hall bearings 2T, and .

~the’ balls interfit with a second race 28 of- al
“creep plate: 30 of washer-like character;  The

70

~groove 26 follows the path of a truncated ‘eylin- -~

der end so as to operate-the pistons of a ‘high

pressure pump, as will: herelnafter appear
Rotatable in‘béaring sléeves 32 and- 34 is a

barrel drive shaft 36. The sleeve 32 is retained

75

‘82,
“6f-the 011 from the-rear of the pump throtigh

ing the ports 58. The cylinder bores 54 and the
pistong 56 constitute a high pressure pump.
During starting of the pump, when pressure
has not yet built up, it is desirable to make sure

_that the faces 58 and 52 are in contact. This

may- be accomplished by a light spring 59 inter-
‘posed between the shoulder on the shaft 36
formed by the splining~42 and the barrel shoul-

der 46, as shown in Figs. 3 and 5.

A low pressure pump is provided in the form
of a rotor 38 located within a stator bore 80 of
a ring-like stator 6. The stator fits in a bore
62 of the end plate 18. The stator and its bore
are eccentric with relation to the axis of rota-
tion, and the rotor ig formed on or secured to
the barrel drive shaft 36. The rotor 38 has sub-
stantially radial slots 40 in-which vanes 48 are
slidably mounted, as shown in Fig. 7. The eccen~
tricity of the stator bore 60 effects inward and
outward movement of the va,nes 48 upon rota-
tion of the rotor 38.

A low pressure inlet-‘boss 1i is provided on the
end plate 18, as shown in F’lgs 2-and 5; This -
boss communicates by means of ‘3 passageway 12
with an inlet port 13 of the low pressure pump.
The 1n1et port is provided in the end plate 18.
A low pressure outlet port 195, of similar- shape,
is provided in the rear- face -of the -valve plate
16, and the front face-of the valve plate has an

‘arcuate high pressure. mlet port 71 for the high

pressure pump. A passageway 16 leads from the
port 15 to the port T1.

The front face of the valve plate 16 also has a
high pressure outlet port 1§-of arcuate shape, and
this communicates by means of a pair of passage-
ways 88 with a passageway 81 in the end plate 18
and a. high pressure outlet boss 82 leading from

‘the pump, The passageway-81; ab its intake end,

isreduced, as indicated at-74, and-a sealing ring 18
surrounds the joint to effect a seal from the pas-

‘sageway ‘80 to-thé passageway 81 between ‘the

contacting faces of the valve plate i6 and the

‘end plate 8.

~ From the descnptlon Just made of the pas-
sageways and ports it willbe’ obvious that the

‘011 or other liquid belng ‘pumped can be traced
‘in'a criéuit through the following elements: 11,
12,713, low . pressure or vane pump, 15, 16, 11,

high pressure or plston pump, 19, 80, 14, 81 and
~This arrangement produces a direct passage

the .end -plate 18 dnd the: va,lve ‘plate 16, .and
theén into the bartel 44, with ‘o direét return from
the: barrel threugh the-valve plate-16 and the

‘end plate (8. Thus turbulence is minimized, -
-and, -likewise,

“the ‘conduit frlctlon on the 11qu1d
being pumped is m1n1m1zed
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The cylinder ‘ports 58 of -the- high pressure:

pump- -suecessively register with ' the arcuate
ports TI-and-19 to draw liquid into the barrel’ 44
during one-half the revolution thereof, and ex-

peloil-therefrom ‘during: the--othér - half -revolu-

tion: ~The ports T1-and 82:may'be considered:re-
spect'lvely as the low: pressure-and high pres-

sure ports of the pump, and are indieated as such:

by the legends “HI” and “LO” in Fig. 2.

A'drive shaft 110 is provided having a sphnedi

end {4 for connection- to a power take-off'shaft
of ‘an-aireraft-engine, or any other suitable méans
to' drive the pump. " The power take«off shaft
would include a means to align the outer end of
the-drive shaft {10 for proper operation without:

binding. ' The inner end of the drive shaft (10
has a loosely splined - connectmn Il 2 w1th the-

barrel drive shaft-36.

“The drive shaft {10 has a flange I 1 surround-"

ing-it, with which a seal plate 't 18 in the form of
a ring is engageable. A spring ‘120 i3’ seated
agamst ‘aninturned- flange 122 of the end plate
12." ‘The seal plate 118 is sealed relative to the
housing 18 by means of a diaphragm 126 having
its' inner’ edge clamped to the seal plate by a
spanner-nut t28 and its outer edge clamped be-
tween a washer {30 and the cam 24 by the end
plate 12, This provides a ‘pressure chamber, 1n-
dxcated at 132, inside of the flange 16. :

"The inner end of the drive shaft’ 1o is’'seated
against a shoulder 134 of the barrel drive shaft
36 which serves merely as a thrust connection,
but, ‘normally, when the pump is operatmg, the
“two are spaced from each other. A passageway
136 is provided through the center of the barrel
drive shaft through which- liguid ‘is adapted to
flow after’ passing through the splined connec-
tions 42 and 112 and the bearing sleeve 34, o

‘The passageway (36 commniunicates with'a pres-
sure relief valve in the form of" a valve plunger
{42 seated against a ‘ring 144 by a’ spring {46,
The valve plug acts as a p1ston in a sleeve 148
which serves to guide its! shdmg movement The
sleeve 148 has'a head 150 for screwing the sleeve
into the end plate 18 at = screw-threaded con-
nection 152 The sléeve 148" has ports 154 com-
mumcatmg with an annular _groove 156 which,
in turn,” communicates by~ means of ‘a passage-
way 158 with the low pressure boss 1.

"The low pressure pump comprising the rotor
38 and the vanes 48 is higher capacity than the
high pressure pump comprising the .cylinder
bores 54 and" the pistons 56. This is for the pur-
pose of assuring full charging of the high pres-
sure cylinders for reducing voids in the liquid
and for: keepmg the plstons 1n contact w1th the
creep plate 39,

“To “dvoid excesswe buildiup” of pressure and

10

15

20

25

30

tion:'by " this. plug. The operatmn of: this vaIVe
will-be- referred: to hereinafter. . .

‘One of the major problems in:‘a small com-~
pact, -highly. ‘stressed pump of: the -character

- herein diselosed is a high. contact pressure which:

exists between the ends of ‘the.pistons 56 and the

flat-creep-plate:30.. . This, hieretofore; has largely
been alleviated: by:the use of complicated shoes

or: piston: rods; ol by enlarging the: piston. ends.

However, a:cheaper and more: compact. method

is to have.the: pistons work:ini:a conforming

spherical seat in the creep: plate::: This:is:shown

in: Fig. 11 and 1la,; wherein the creep plate 30
has: a:. spherical:seat 3f:for eaclr piston. .- Conse~
quent wear is:materially reduced by this arrange~
ment.. A .modified . form: of .creep. plate 30a: is
showrr in-Figs. 11b:-and: 1leand: will.be. referred'
to: specifically later herein. .-

The.: pecuhantles of motion due:to the mclma-,
tion of the axis of rotation:of the barrel 44 and:
the inclined.creep plate 30 make it essentia]l that
the spherical indentations 31 .be properly located..
It is.quite: usual in pumps. of this kind to:locate
the: center line through the bearings 27:for-the
creep . plate eentered om the axis. of rotation of
the barrel 44- (indieated at 83 in ‘Fig,»3). This
causes.the contact face:-of the creep plate to:ro~
tate about a. center: (see point.35): displaced:from:
the-axis:. of the barrel. 'Fhe consequent: relative
motion of the: piston.contact end on:the fat face
is:thereby increased. Aslong as thé plate is flat
and . sufficiently: large, . there: is. little objection
except.for the.excessive motion and wear: .

. When providing individual spherical seats 31,
as in: Fig, '11, means: must ‘be .taken to have the
seat sufficiently large to. insure piston engage=
ment.throughout 360°.of rotation; and: it must be
made ' with a: small radius. to insure sufficient:con-
formityto: reduce contact-pressure:- appreciably.
This:is-accomplished by having the center of ro~
tation.  of::the::contacét surfaces indicated at. 3T

- within:the:indentations. 31 and with a line 39

45

- kéepa substantlally even charging pressure {fom :

tHe Iow pressure ‘pump to the high pressure pump
a’relief valve from the outlet of the low pressure
pump ‘to: the' interior of the:housing: 10 ispro-
vided.” This is shown in Figs. 4 and '7-and con«
. sists-of-a: sleeve 160 in a bore (62 of:the end: ‘plate
8. Theére is a‘pair of annular grooves 164 and

166 surrounding: the sleeve 160, and: passagewsys :

168 and 170 serve to communicate ‘these ‘grooves

60

connecting the contact faces 37 having its:center
indicated. by the point 39a falling on. an:axially
extending center: line 41:located at, or, at least;
near the: axis of rotation 43 of the-shaft 36. - It
will: be noted-that the: center line 41 is displaced
only slightly from. .the center .line 43 and the
center: of rotation. 33« for the: balls:21 is some=
what further-displaced from 43.-.The creep:plate
motion  is' thereby reduced - considerably: by its
axis.of rotation. bemg posmoned at an optmmm
position. . :

The creep: plate seats or mdentatxons 3I serve
as:a driving means for the:creep plate and insure
that.it moves at the same rotative speed as the
cylinder barrel. The indentations 31 -(see -Figs:
11 and 1la); however;, .may: be: replaced with:a
continuous:annular: groove 3ia as: shown:in Figs.
Il and llec of the cross-section shown for the
indentations: 34 ‘if it is- not::desirable-to: cause

" rotation:of: the ‘eréep- plate simultaneously with

with.the ‘high pressure side of:the ot pressure ]

"pump andthe interior:-'of the housmg |
‘ »spectlvely W1thm the sleeve { 60 is. a pI'

agaitist the actlon ofa spnng HS by hqu1d under
- pressuré-from-the- -passageway: 168 ~The spring is
.~ retained in positioh by 4 ‘closure ‘plug 118, and

the entu'e rehef valve gssembly is held in ‘posi-

75

theé:barrel.-! Such an arrangement as:shown dis-
tributes:the'wear around the entire circumference
of: 'such:' groove -instead of - locahzmg 1t in the
individual indentations’

- In:Pigs.12.and 13'we show a modlﬁed construc-
tlon wherein‘isome: of ‘the parts correspond: to
those! already described -and;accordingly, ‘bear
thie samereférence numerals:: ‘The modified con-
struction, however, provides a;means whereby-the
chsplacement or volume output, of the high pres-
sure pump per revolution can be varied ‘from
almost zero up.to'the rated capamty of the pump
in mﬁmtesmal increments;
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Constructionally, the. cam plate 24 has been
modified by providing it -with trunnion bearings
180 journaled in bearing sleeves 182.. The bear-

ing sleeves 182 are retained in lateral bores (84:-

of the housing: {0 by plugs. 186.- The cam.plate:

is thereby mounted. for oscillation on the axis of.

the trunnions 180 from the maximum tilted posi-
tion shown in-Fig. 12 to a Vvertical or -untilted
position -where reciprocation of the plungers 56
by the creep plate 30 is reduced. to zero.
intermediate angle .the displacement: w111 be a
proportional intermediate value.

Inasmuch as the displacement of the plstons
54 will: be a function of the angular position of

the creep plate 30, the displacement will vary.

from maximum, in:the position shown in Fig, 12,
to minimum when the creep: plate is perpendicu-
lar to the axis of the pump shaft. The limit of
movement: of the creep-plate.is determmed by a
face 188 of the end plate12.

‘In :our modified eonstruection bemg now : de-
scrrbed, control of the angle of the creep plate

may. be responsive to a.mechanical motion or to

differential pressure by utilizing linkage of ap-
propriate nature. . By. way of illustration we
show the-creep plate controlled by the pump:dis-
charge -pressure.. It is‘desirable to maintain full
displacement up fo. a predetermined pressure, and
then with. infinitesimal increases in pressure to
have the - displacement decrease until, at some
pressure slightly higher than that at which full
displacement occurs, the displacement is zero.
For this purpose-a pair of projections {90 and
192 is formed on the cam plate 24 at diametrically
opposite positions. The projection .190 has a
plunger (94 engaging therewith and sliding in a
cylinder {96:::. The projection. 192 has a plunger
{98 -engaged therewith and sliding in a:cylinder
200.-  The 'cylinders 196 and 2008 are:connected by
means of passageways 202 with the high préssure

outlet 81 :0f -the pump-so that the plungers .194:

© and. 198 are: responswe to the outlet pressure
thereof as g unit. . -

_Spring seats 204 and 206 surround the proaec-
tion- 192, and spring seats 208 and 210 surround
the plunger 198. “A spring 212.is:interposed be-
tween the seats 206 and 210 so that the position
which the cam. plate-24 assumes.for .any given
pressure: condition:will be a function of the force
of .the springs 212, the force of oil pressure on the
plunger 198, and the force of oil pressure on the
plunger 194. . The. plunger (94 is slightly larger
than the plunger 198 so that the force exerted-to
tilt the cam:plate 24 will be proportional to the
pump discharge pressure: and-the relative areas
of ithe plungers 194 and {98. - The force of the
spring 212 will be almost; constant, but: W111 vary
shghtly with the degree of compression.’

-~ In Pig.-14 we:show: a. modified: arrangement for
the spring 212, wherein: the:spring ;is’ enclosed
within -the’ cylinder 2008, This ‘cylinder corre=
sponds.. to- the  cylinder . 200..but -is: enlarged- to
include the spring 212 and an additional spring
213, if desired.. . The springs.are: enclosed:within
the eylinder; -and - bath springs :are:interposed
between a head 214 on the.plunger 498:and an
adjusting ‘plug..216. - The -plug ‘may: be screwed
inwardly or outwardly for-increasing:or.decreas-
* ing the pressure-of the springs.:2i2:and 213 for
thus varying. the, predetermmed regulated outlet
pressure for the pump. ..::

s Practzcal ope

,‘ 'I‘he shaft uu is, dr1ven b
means to thereby dr1ve the b LT

uitable power
l-driving shaft 36

~At any.
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and the rotor 38 of the low pressure or first-stage
pump. - Rotation of the rotor 38 causes- liquid to
be drawn in from the intake 11 and pass throughl
the passageway 12 to the 1ntake port 13.0f the low.
pressure - pump, . thls 11qu1d ‘being: dlscharged.
through -the outlet port ‘15 of- the low pressulej
pump into the passageway 16. The liquid.is then,v
picked up from the intake- port 11 of the high
pressure pump and. d1scharged into its outlet:
port 18, from whlch it passes through the passage- .
ways.80, the opening 74 and the passageway: slv
to the pump,outlet 82.. The creep. plate 30.is pos1-._
tioned so that the cylmder ports 58 commumcate;
with the port. 17 on the intake strokes of .the
pistons .56. and with the. port 19 on .the. outlet
strokes thereof. The: hqmd is thus pumped at
high pressure from the pump. ;

As 'to the low pressure or- shdlng vane pump,;
it pumps liquid at low pressure 1o charge the
h.lgh pressure pump,and is des1gned to over-.
charge the high pressure pump Pressure by the
low pressure pump, however, is regulated by the_
relief valve 72, the excess l1qu1d passing through
the passageway 168 to the interior of the sleeve
160, and there forcmg the plunger 112 upwardly
until the ligquid pressure overcomes the spring
{76, whereupon. the excess liquid is bled through,
the annular passageway 166 and the passageway
170 ‘into the interior of the housing 10. 'The
interior of the housing is maintained at a bre-
determined pressure between that for which the
valve 172 is set and atmospheric pressure by the
relief valve {42. The by-passed oil thus circu-.
lates through the housing 190, lubrlcatmg the
working surfaces and finding’ its: way 1nto the :
passageway (36, and, finally, back through the,
relief valve (42 and the. passageway I58 to the
pump inlet 7i. The liquid is sealed ‘off from
atmosphere around’ the. drive shaft nn by the
séaling arrangenient {16-—[i8, '

‘By the. arrangement just ‘described 2 substan—
tially even pressure of orl is. supphed from the.
low.pressure pump to the ‘high pressure pump to
assure full ¢harging of’ the high' pressure pump,
éven after the pump becomes ‘worn to some‘
extent. . .During starting operatron, the spring 59
keeps the barrel 44 in engagement with the valve‘
plate 16, and the spring .20 keeps. the seal plate
{18 in ‘engagément with the flange 116 so,. that
there is a sealéd chamber within the housing 10
all the way from the end plate 18 to.the dia-
phragm 126, These springs, particularly, . the
spring 58, maintain the seal necessary for priming
the pump. There'is some leakage of hquld past
the faces 50 and 52, espec1a11y befo i
built up in the housing (0, and th
gether with the small amount whlch
the pistons, 56,-and any which. may.. 11
low. préssure pump, wiil charge th rr_termr of the -
housing 19, in. addltron to the’ by -passed.oil. from
the passageway 110, there)oy lubricating the bear-
ing surfaces 32, 34 and [06,:and:producing pres-
sure w1th1n the housing; The barrel.44 will he
seated agalnst the valve: plate {6 underthe; action
of the :charging -pressure .for -the housing plus
the internal pressure of the cylmder bore actmg
on:-the: partially closed. cylinder ends.”

-The housing pressure also-acts on. the ﬂange

'IIG to. compress .the spring 120 somewhat. and

the1 eafter mamtam the ﬁange against, the 1nner :
face ‘of the seal- plate 118 under such pressure.” -
The pressure is: hmxted however by: the relief -

rehef Valve to a rehef p051t10n, perm1tt1ng the ex: '
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cess liquid to flow through the ports 154, 155
and 158 back to the low pressure boss T1. A se-

lected spring 146 may be used as required to keep
a desired pressure within the housing.. The valve
{42 therefore acts as a pressure regulating valve.

Our two-stage pump herein disclosed can be
readily adjusted for a reversal in the direction of
rotation by turning the end plate {8, and the valve
plate 6, 180°. This is accomplished by removing
the screws 20 and reinserting them after the ad-
justment has been made. '

In the operation of the form of invention shown
in Figs. 12 and 13, when. the pump . is at rest
the spring 242 acts to tilt the cam plate 24 to the
‘maximum displaced position of ‘Fig. 12. As the
pump discharge pressure is built up.the plungers
194 and 198 begin to exert force on the projections
190 and 192, with the plunger 194 exerting a
larger force than the plunger 198 due to their dif-
ference in area.

. At the predetermined pressure for which the
pump has been designed the force exerted by the
plunger 194 is exactly equal to the force exerted
by the plunger 198 plus the force of the spring

212. At any pressure less than this the force of

‘the plunger (94 is less than the additive forces
of the plunger 198 and the spring 2§2. As the
pressure increases beyond the value at which
these forces. are in equilibritim, and the cam
plate is in maximum displaced position, the force
exerted by the plunger 194 will be larger than the
forces exerted by the spring and the plunger {98,
thus causing the cam plate to be tilted toward
‘a vertical position. Further increases in pressure
will finally cause the cam plate to assume 2 posi-

“since the spring force increases slightly as the
spring is compressed. In such a position the dis-
placement .of the pump will be proportionally
lower than the maximum displacement.

“is. reduced to zero the cam plate will assume an
angle slightly less than vertical, and the dis-
placement of the pump will be only enough to
overcome the slip or volumetric inefficiency of
the pump and whatever other leakage of high
pressure oil occurs. The pressure will be only
that much higher than the maximum at which
full displacement occurs as occasioned by the
difference in spring force at the minimum com-
pression and.at the maximum compression po-
sitions.

With the alternate method (Flg 14). of in-~
stalling spring means for the regulating func~
tion just described the action is substantially
the same, with the spring exerting. its force
through the plunger 198 instead of directly on
the cam plate 24. This arrangement. has the
additional advantage that the spring force can
‘be adjusted and, by so doing, the cut-off pres-
sure can be adjusted.

From .the foregoing spemﬁcatlon We believe
it will be obvious that we have provided a struc-
ture which compactly includes hoth.a low.pres-
sure pump and a high pressure pump, whereby

of the pump. = The seal at 116—I118 remains ef-
fective even if the shaft 110 is out. of alighment

or eccentric, or if the spline {12 should happen
to stick. .

The barrel 44 is fully floating on the barrel
shaft so that it ean Dbroperly seat against the
end plate 18 without any binding whatever. The
vanes in the low pressure pump. are forced.out-

- wardly by centrifugal force, and the volume

10
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tion where the forces are again in equilibrium, .-

40
If ‘the flow through the outlet of the pump

48
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pressure operating on both plungers.

trapped between two adjacent blades alternately

increases and decreases as the rotor turns, there-.
by giving the desired pumping action. . The in~

let. and outlet ports 13 and 15 of the low pres-

sure pump are preferably overlapped slightly at

their large ends with respect to the adjacent
vanes 58 to insure -good filling of the low pres-
sure pump, especially at high rotative speeds.
The high pressure pump is preferably pro-
vided with a considerable number of pistons fo
reduce pressure pulsations,  and this pump is
pressurized by the low- pressure pump to elimi-

nate cavitation therein. The low pressure pump

also eliminates the necessity of springs or link-

_age normally used for returning the pistons of

the high pressure pump. .

The vane pump ports 13 and 15, it will be
noted, are axial, to avoid pressure drop experi-
enced with ports of the radial entry type. “The
passageway arra,ngement. from the inlet 711 to
the outlet 82 is Teduced to a minimum, thus
conducting the liquid in the most direct path
possible to minimize both turbulence and con-
diit wall friction on the flowing liquid. All of
the pumping power transmitted to.the rotating
parrel 44 is carried through concentric shafts
which are not subjected to ‘any appreciable
thrust. Ball bearing arrangements disclosed also
contribute to the efficiency of theé pump, and
the series arrangement of the low and high pres=

sure sections of the pump. is such that an ex-

tremely compact structure results. At the same
time, the parts are designed rugged enough. for
containing the high pressures generated.

The valve plate 16 carries the ouflet port for

'the low. pressure pump; and both the inlet and

outlet port for the high pressure pump. ‘Since
this plate is flat on both surfaces it can easily
be fabricated, and ground and lapped on ‘its
surfaces to insure proper working fit.

With the modified arrangement shown in Figs.
12, 13 and 14 automatic regulation of the out-

put of the pump is had. The trunnion mounting

arrangement permits oscillation of the cam plate
to the desired -control position, and it will be
noted that the center line of the trunnion bear-
ings is located coincident with-a plane-through
the flat surface of the creep plate 30 against
which the high pressure pistons. engage. - For
suchi engagement, see Fig. 3. With the arrange-
ment of two opposed plungers 194 and 198,
stability of operation is had due to the outlet
Proper

* selection of plunger diameters will allow the use
- of 5 spring with a low rate of regulation, so

85

a  complete hydraulic -pump . suitable: for high -

pressure -operation is had. The design is-such
that there are few parts, and they are simple
to. form, machine and assemble. The necessary
thrust of the rotating barrel to effect pressure
seal is. had without the necessity of providing
the spring 59 other than for the purpose of the
jnitial thrust before pressure is built up within
the housing. . The spring can therefore be com-
paratively light, yet will insure proper priming

70

that zero flow pressure is only slightly higher
than maximum displacement pressure. This
design also is readily adapted for mechanical
or any. other type of control, such as the hy-
draulic control disclosed.

A simple means of adjusting the cut-off pres-
sure is-included in the alternate arrangement
of the spring-as shown in Fig, 14.. The trunnions
i80 are installed in the sleeves 182 . in such

~manner that the necessity of--employing split .

T8 construction of the sleeves is obviated.
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Some changes may be made in the constructmn
‘and arrangement of the parts of our pump stluc-
ture without departing from the real spirit. and
purpose of our invention, and it is our intention
to. cover by .our claims any modified forms of
structure or use of mechanical equivalents which
may be reasonably included within their scope.

. We claim as our invention:

_..1.'In a hydraulic pressure pump of the char-
acter disclosed, a housing, a barrel driving shaft
‘journaled in. said housing, a barrel mounted on
‘said’ dr1v1ng shaft slidably and non-rotatably
'relatlve thereto, said barrel having cylindrical
bores substantially parallel -to the ‘axis ‘of rota-
tion of said.barrel and driving shaft, a piston
‘in 'each of said cylindrical bores, a valve plate
at one end of said barrel, said barrel having
:one of its ends seated thereagainst, a cam plate
having a cam surface surrounding said driving
shaft and in the shape of a truncated cylinder
end, a creep plate interposed between. said cam
and. said pistons, bearings interposed between

[

10

15

20

said cam plate and said creep plate, an end plate -

beyond said valve plate and having intake and
discharge openings therein, a low pressure vane
pump recessed in said end plate and having one

25

face against said. valve plate, passageway con-~ :

nections. through said: end plate from said in-
'take opening to said low pressure pump, said
valve. plate having inlet .and outlet ports for
. said bores. of said barrel, and passageways
through said valve plate only from the outlet. of
said low. pressure pump to said inlet port and
from said outlet port to. the dlscharge openmg
vof ‘said end plate.
7 °.2..In a hydraulic pressure pump “of the. char-
‘acter, disclosed, a housing, a barrel driving shaft
" Jjourngled in said housing, a barrel mounted on
said .driving shaft and operatlvely connected
thereto for rotation therewith and for sliding
movement relative . thereto, said barrel having
cylindrical. bores. substantially. parallel to the

30

85

40

axis of rotation of said. driving shaft, a piston .

in. each .of  said cylindrical bores, a valve plate
at one end of said barrel, said barrel having
.one of its ends seated thereagsinst, a cam_ hav-
ing a cam surface surrounding said driving shaft
and in the shape of a truncated cylinder end,
an end plate beyond said valve plate and having
intake and discharge openings therein, a low
pressure vane .pump. located in said end plate
and. against said valve pldte, passageway con-
nections through said end plate from said intake
opening -to said low pressure pump, said .valve
plate having inlet and outlet.ports for said. bores
.of -said barrel, .and passageways through said
valve plate from.the outlet of said low pressure
pump to said inlet port and from said outlet
port to the -discharge -opening of said end plate.
.3.Ina hydraulic pressure pump, 2 housing, 2
‘ 'barrel driving shaft journaled in said. housing, a

‘barrel shdably mounted. on said driving. shaft

and operatively connected therewith, said barrel
having c¢ylindrical bores, a piston in each of said

.cylindrical bores, a valve plate at one end of said °

Jbarrel, said barrel having one of its ends seated
thereagainst, ports in saig valve plate and com-
municating with said cylinder bores, a cam hav-
ing a cam surface surrounding said driving shaft

and - in the shape of a' truncated cylinder end, ‘¥

an end plate beyond said valve plate and having
'1ntake ‘and discharge openings therein, and a
low pressure vane pump lecated in said end plate

50

60

‘and against said valve plate for pumping ﬁu1d .

. under low pressiire to 'said cylindrical bores.

5

‘a low pressure vane pump located in sai

12 .
4.-In a hydraulic ‘pressure pump, a housmg, k:
barre! driving shaft’ Journaled in said housmg,
& barrel mounted -on said dr1v1ng shaft and opera-

tively ‘connected therewith, -said housmg pro-

viding a space surrounding said barrel, said bar-
rel-having cylindrical bores, a piston in each of
said cylindrical bores, a valve plate at one end
of said barrel, said barrel having one of its ends
seated thereagainst, ports in said valve plate and
communicating with said cylinder bores; a cam
having a cam surface surrounding said, driving
shaft ang in the shape of a truncated cyhndel‘
end, an end plate beyond saxd Valve ‘plate -and
having intake and discharge” opemngs ther n

plate and a passageway through sa1d valv pl
for pumping fluid 'under low ‘pressure, to” ‘said
cylindrical bores, and a pressure 1egulat1ng by-
pass from said low pressure pump to said-
in said housing surrounding said barrel.. ..
5.1In a hydrauhc pressure pump, a, housmg,
barrel driving shaft journaled in said housmg,
a_barrel mounted on said driving shaft and oper-
atively connected therewith, said housing pro-
viding a primary space surrounding said barrel,
there being a secondary space between saIdvaarrel
and said: driving shaft, said .barre vhavmg ‘eylin-
drical bores, a piston.in- each of sald cylmdncal
bores, a valve ‘plate at one: ‘end. of said, barrel
said barrel having one of its ‘ends “seated there-
agalnst intake and exhaust ports in said valve
plate ‘and communicating with said cylmder
bores, a cam having a cam’ surface surroundlng
said driving shaft and in the shape of a truncated
cylinder end, . .an end plate beyond sald '

said end plate and pumpmg ﬂu1d under
pressure to said 1ntake ports sa1d pbrimary, space
and said secondary space ‘recelving any ‘fluid that

‘leaks past said pistons and/or from: between said

barrel and said valve plate, and a pressure regu-

lating ‘by-pass from said secondary space to the

intake opening of said end plate. .
6. In a hydraulic.pressure pump, a housmg, a

barrel driving shaft journaled in said housing, a

barrel mounted on said driving shaft and oper-
atively connected therewith said housmg prov1d-
Ing a primary space surrounding said barrel
‘there being a .secondary space between said bar-
rel and said driving shaft, said barrel havme
cylindrical bores, a piston in each of said. cyhn-
drical bores, a valve plate at one end of. said
barrel, said barrel having one of its ends seated
thereagainst, intake and exhaust. ports in said
valve plate and communicating with said cyhn-
der bores,.a cam having a cam surface surround-
ing said. driving shaft and in the ‘shape. of. a

truncated cylinder end, an end plate beyond, said

valve plate and having intake and. dlscharge
openings therein, a low pressure vane .pump lo~
cated in said end plate and a passageway through
said valve plate for pummnfr fluid under low
bressure to sald intake ports, sald prlmary
space and said- secondary space rece1v1ng any
fluid that leaks past sa1d ‘pistons and/or from
between  said barrel and said valve plate 0 said
cylindrical bores; and- a pressure regulatmvr by-
pass from said secondary space to said’ 1ntake
openmg of ‘said end plate.’

7. In' a two-stage hydrauhc pressu1e pump,
housing, a- shaft Journaled in said housing,” a
barrel mounted on sald shaft and operatlvely con-
nected thereto, said barrel having cyhndncal
borct, piston in each of said cylindrical borés,
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a valve plate-4t one énd-of said barrel, said barrel
having one of its ends seated thereagainst; ports
-in said valve plate and communicating with said
.cylinder kores, a cam having a -cam surface sur-

‘rounding -said driving shaft and in the shape of =

) a truncated cylinder end, a creep plate inter-
;posed bebween said cam..and said pistons, an
~end plafre ‘beyond said valve plate and: having

dintake and. discharge openings therein, a-low
-pressure vane pump located in said end plate
<and faced -on one side against said valve.. plate,
-and a passageway connectlon through said . end
:phte from sald 1ntake opening to said 1ow-pres-
sure pump, and passageway connections through

said valve plate from said low-pressure pump to &

said. ports in said valve plate and from said
ports in said valve plate to said discharge open-
ing of said end plate. ‘

8. In a two-stage hydraulic pressure pump, a
housing, & valve plate against one end of said
housing,
Jow pressure pump located in and faced against
said end plate, said end platé having an inlet port
therefor, said valve plate having an outlet port
for said low pressure pump, a high pressure pump
comprising a barrel rotatable in said housing and
provided with cylinder bores, pistons in said cyl-
inder bores, said valve plate having inlet and out-
let ports from said cylinder bores and passage-
ways from the outlet port for said low pressure
pump to the inlet port for said eylinder bores and
from the outlet port for said cylinder bores to
said end plate, said end plate having intake and
discharge openings in the outer face thereof,

said openings communicating respectively with &

said inlet port for said low pressure pump and
the valve plate passageway from said ouflet port
for said cylinder bores.

9, A two-stage hydraulic pressure pump com-~
prising a housing, a valve plate against one end
of said housing, an end plate against said valve
plate, a low pressure pump recessed in said end
plate and having one face thereof coincident with

a face of said valve plate, said end plate having

an inlet port therefor, said valve plate having an
outlet port for said low pressure pump, a high
pressure pump comprising. a barrel rotatable in
said housing and provided with cylinder bores,
pistons in said- cylinder bores, cam means to re-
ciprocate said pistons, said valve plate having
inlet and outlet ports from said cylinder bores and
passageways directly from the outlet port for said
low pressure pump to the inlet port for said cylin-
der bores and from the outlet port for said cyl-
inder bores to said end plate, said end plate hav-
ing in its outer face intake and discharge open-
ings communicating respectively with said inlet
port for said low pressure pump and the valve
plate passageway from said outlet port for said
cylinder bores.
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an end plate against said valve plate, & -
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10. In a pump structure, a housing, a valve -

plate at one end thereof, an end plate against
said valve plate, a shaft journaled in said housing
and said valve and end .plates, a low pressure
pump rotor on said shaft within said end plate,
one face of said rotor being against said valve
plate, a high pressure pump barrel on said shaft
within said housing, said barrel having a plu-
rality of high pressure cylinders, a piston in each
of said cylinders, an annular cam for recipro-
cating said pistons upon rotation of said shaft,
said barrel having an outlet port for each of
said cylinder bores, said end plate having an in-
take opening and a discharge opening, said valve
plate having an outlet port for salid low-pressure

75

4

pump and-inlet and-:outlet ports: for said high-

pressure pump, said end plate having an 'inlet
port-for. said low=pressure pump, and:passage-
Way connections in said valve plate and-said-end

‘plate from-said intake opening to. said inlet por
for said low-pressuré ‘pump, from the outlet-port
‘for said low-pressure pump-to the inlet port-for
said High-pressure ;pump, and - from ‘theé outlet

port for said hlgh-pressure pump to said -dis-
charge opemng B

11, In'a pump structure, a housing, a recessed
end plate at ohe end thereof, the bottom of said
recess constituting a face of said end plate, a
valve plate interposed ‘hetween said housing and

-said -end: plate, a shaft, a low pressure-pump rotor

on said shaft within the recess-of said end plate,
said rotor being substantially so thick as the
depth of said recess, a high pressure pump barrel
on said shaft within said housing, said barrel
having a plurality of high pressure cylinders, a
piston in each of said cylinders, an annular cam
for reciprocating said pistons upon rotation of
said shaft, said barrel having an outlet port for
each of said eylinder bores,; said end plate hav-
ing an.intake opening and a discharge opening,
said valve plate having an outlet port for said
low-pressure pump and inlet and outlet ports for
said high-pressure pump, said end plate having
an inlet port for said low-pressure pump and pas-
sageway connections from face to face of said
end plate from said intake opening to said inlet
port for said low-pressure pump, from face to
face of said valve plate from said outlet port for
said low-pressure pump to said inlet port for said
high-pressure pump, and from face to face
through said valve plate and said end plate in
series from said outlet port for said high pressure
pump to said discharge opening.

12..In a pump structure, a housing, a valve
plate at one end thereof, a recessed end plate
against said valve plate, a shaft journaled in said
housing and said valve and end plates, a low
pressure pump rotor on said shaft within the re-
cess of said end plate and faced against said valve
plate, a high pressure pump on said shaft within
said ‘housing, said end plate having an intake
opening and a discharge opening, said valve plate
having an outlet port on one side for said low-
pressure pump and inlet and outlet ports on the
other side for said high-pressure pump, said end
plate having an inlet port for said low-pressure
pump, passageway connections in said valve plate
and said end plate from face to face thereof and
leading from said intake opening to said inleft
port for said low-pressure pump, from said out-
let port for said low-pressure pump to said inlet
port for said high-pressure pump and from said
outlet port for said high-pressure pump to said
discharge opening, a pressure regulating valve
between said low and high pressure pumps, and a
pressure relief valve between said low pressure
pump and said intake opening.

13. In a pump structure, a housing, a valve
plate at one end thereof, a recessed end plate
against said valve plate, a shaft journaled in said
housing and said valve and end plates, a low
pressure pump rotor on said shaft within the
recess of said end plate, said rotor having one
face thereof contacting said valve plate, a high
pressure pump on said shaft within said housing,
said end plate having an intake opening and a
discharge opening, said valve plate having an
outlet port for said low-pressure pump on one
side and inlet and outlet ports on the other side
for said high-pressure pump, said end plate hav-
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‘Ing:-an inlet. port for said low-pressure pump, - - UNITED STATES PATEw.S -

passageway connections from face to face of said Number Name C L Date’
valve plate and said end. plate leading from said 1,345,808 Reynolds ___ - ___. July 6, 1920
intake opening to said inlet port for said low- 1,632,304 Maurer - - ____ June 14. 1927
pressure pump, from said outlet port for said 5 - 1799539 West STy 30: 1929
low-pressure ‘pump .to said inlet port for-said 1,971’601 Dilg oo .. AUg. 28 1934
high-pressure pump, and from said outlet port 2:015’423, Fanders . _ Sept. '24' 1935
for ‘said h1gh-pressure pump to sald dlscharge . 2,069j651' Ferris .. Feb. 2, 1937
opening. i 2,229,715  Zimmermann ______ Jan. 28, 1941
BERNARD BEAMAN- - 10" '2980,875  Wahlmark ___...__ Apr. 28, 1942
- JULIUS HULMAN.: * 2,292,125 - Tfield ool Aug. 4, 1942
" ROBERT" A. STEIN. 2,459,786  Beaman et al. ______ Jan. 25, 1949
2,495,685 Beaman et al. ._.___ Jan. 31, 1950
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