Jan. 23, 1951 " A. F. MCFARLAND 2,538,842
' . PUMP

Filed Nov. 21, 1946 . 3 Sheets-Sheet 1

Il

10
M0AL] 27
8
26

15

109
35
20 1l
101

13

- 30

109a
36
a
19
100

14

Fig./

8t
00 3
17

38
35¢
26

10000

44

i

i

5 39
47
46g
LIHOH

NNA0aR0

2
ol
¢

41
42 45

Jrventor
n Artie F. Mé Farland

Qttorneys

43




Jan. 23, 1951 A. F. MCFARLAND 2,538,842
PUMP
3 Sheets-Sheet 2

Filed Nov. 21, 1946

// N 7 i
’QE"/Q -?E?—é’i'
AlGNG
W%%Z%& \‘: l«\s\\ﬂ. 3'52
N

3 nverior
- Arftie FM¢ Far/and

=4 %»z% Vi =S
abtou«més




2,538,842

3 Sheets-Sheet 3

A. F. MCFARLAND
PUMP

Jan. 23, 1951
Filed Nov. 21\,\ 1946

mw mm [T

90614 9 8
89

£ e Ol g
99 9 g9

m/ mon I RIA0NA000n0] ==

0e9

Sttorna s

3 nuentor

Artie F ME Farland

il 1)
&\
S I )
'l
- Gy

1l

o) Yeer
3 >
& orrera)

P aes, 28770 88 av8
222N T [ ket s\ RN
7 m.w\\v.\w\ ﬂﬂm:ﬂ%%/// ﬂ;§.]gggg~

==
]
L




Patented Jan. 23, 1951

'UNITED
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Ariie F. McFarland, Houston, Tex., assignor to
McFarland Manufacturmg Corporatlon Hous-
ton, Tex., a corporation of Texas

Apphcatm;n November 21, 1946, Serial No. 711,383
(CL 103—49)

21 Claims.

This invention relates to improvements in fluid
actuated pumps and refers more particularly to
the arrangement of ports and passages for both
the power fluid and fiuid to be pumped and wo
means for increasing the discharge pressure of
the pumped fluid.

An object of this invention is to provide a pump
in which the surging of fluid during the operation
of the pump does not impart forces to the pump
body tending to produce lateral movement of the
body on its mounting. :

Another object is to provide a pump which may
be used in numerous manners to pump fluid at
varying pressures.

A further object is to provide a pump having
low pressure and high pressure booster sections,
which is particularly adaptakle for use in testing
boilers, tanks, well heads, Christmas trees and
the like, wherein the container to be tested may
be filled by the high volume low pressure sec-
tion and tested by the high pressure booster sec-
tion.

Yet another object is to provide a pump having
low pressure and high pressure booster sections

communicating with commen inlet and discharge *

lines in which the sections may be selectively
utilized by manipulation of a single valve.

Yet a further object is to provide a pump hav-
ing low pressure and high pressure booster sec-
tions wherein an automatic valve is operable to

selectively actuate the sections individually in re- :

sponse to the pressure in the discharge line.
Other and further objeects will appear from the
following description:
In the accompanying drawings which form a

part of the instant specification and are to be :

read in conjunction therewith and wherein like
numerals are used to indicate like parts in the
various views:

Fig. 1 is a. vertical sectional view of a pump
embodying this invention,

Pig. 2 is a fragmentary sectional view of the
pump in Fig. 1 showing an auxiliary power at-
tachment,

Fig. 3 is a view taken along the line 3—3 in
Fig. 1in the direction of the arrows,

Fig. 4 is a fragmentary view taken along the
Iine 4—4 in Fig. 3 in the direction of the arrows,

Pig. 5 is a top plan view of the pump shown
in Fig. 1, having a booster sectmn moum:ed there-
on,

Fig. 6 is an enlarged horizontal section through
the booster section and a part of the low pressure
section of the pump illustrated in Fig. 5, and

Fig. 7 is an enlarged sectional detail of the
regulator shown in Fig. 5. :
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Referring to the drawings, the pump illustrated
in Fig. 1 will be first described. The pump com-
prlses a body {8 having a cylinder bore I1 there-~
through: - The body has an internal boss 12
formed in the cylinder bore intermediate its ends.
The boss 12 carries an annular packing assembly
i3. A double element piston with piston heads
{4 and {5 connected by cylindrical member {6
extends through packing (3.

Packing i3 and the double element piston di-
vide the cylinder bore into power ecylinders 17
and 18 at the ends of the piston heads and inter-
mediate pump chambers 18 and 28 for fluid to
be pumped. An end plate 21 is removably se-
cured to the right end of the cylinder bore and
carries an annular bumper 22 of resilient nia~-
terial such as synthetic rubber or the like to limit
movement of the piston in one direction. The
other end of the cylinder bore is closed by a re-
movable cap 23, which also carries g bumper 22.
The cap will be hereafter more fully described in
connection with means for controlling the in-
treduction of power fluid to the power chambers.

Ports and passages are provided in body 10 for
introduction of power fluid to the power cylin~
ders and fluid to be pumped to the chambers 18
and 28. A port 24 communicates with cylinder
7. This cylinder also communicates with pas-
sages 25, which extend longitudinally of body {8
to the right end of the cylinder and are closed
by plate 21. Preferably, two of these passages
25 are provided in the body. These passages are
substantially of equal cross sectional area
throughout their length. Two passages 21 are
provided in body 10 for supplying and exhaust~
ing power fluid to cylinder 18. Ports 28 and 29
in body 10 communicate with chambers ¢9 and
20, respectively.

Ports 24, 28 and 29 are arranged at the top of
body 18 and are centered on a vertical plane in-
cluding the cylinder bore axis. Each of the pas-
sages 25 and each of the passages 27 are spaced
equally from a vertical plane including the cyl-
inder bore axis. 'This arrangement of ports and
passages is such that the forces due to surging
of fluid therethrcugh are counterbalanced and
do not tend to move the pump body I8 laterally
or rotate the pump body I8 on its base supports
26. Preferably, the body {8 is a casting having
ports 24, 28 and 29 and passages 25 and 27 formed

. therein at the time of the casting.

Referring now to the valves for the 1ntroduc-
tion of fluid to be pumped to chambers {8 and
20, it is seen that reservoirs 30 and 3{ are pro-
vided at the top of body {0 communicating with
ports 28 and 28, respectively. These reservoirs
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communicate with intake and exhaust fittings
32 and 33, respectively, provided in cap plate 109
as shown in Figs. 3 and 4. Spring pressed poppet
valves 34 control the flow of fiuid between the
reservoirs and fittings. The intake valves have
their stems pointing upwardly and are unseated
by pressure differential drop across the divider
plate or partition 85 and are seated when the res-
ervoir pressure exceeds that of the intake fitting
pressure. The discharge valves 34 have their
stems pointing downwardly and are unseated
when the reservoir pressure exceeds the discharge

pressure and are seated by excess discharge pres--

sure relative to the reservoir pressure.

With reference to the contrcl of power fluid to
the power cylinders, a valve cage 36 is providad
in cap {09 above divider plate 83. The cap has a
power fluid inlet connection 188qg. The divider
plate has three poris 3%a, 35b and 35¢. Port 3%5a

‘cominunicates between cage 36 and passages 21. ¢

Port 35¢ communicates between cage 36 and port

24 The middle port 350 communicates with ex-

haust 87. A slide valve 38 is mounted for racip-

.vocal sliding movement within cage 36 and has
_a-recess which in one position of the valve makes
“e¢onnection between ports 35c and 33b whereby
expended power fiuid from cylinder |1 may be

exhausted through port 37. Slide valve 28 in its

“pther extreme position places port 3%z in com-
muniecation with port 8%5b whereby expended

power fluid from cylinder {8 may be discharged.

Valve member 38 is shifted in response to the

" position of the double element piston within the
cylinder bore. This is accomplished by means

‘of a mechanical tripped valve which controls a
fiuid actuating mechanism for valve 38. Valve 38

is attached by stem 38 to piston 48. The piston

is reciprocally mounted in cylinder 4i. The cylin-

- der-aperture through which stem 39 extends has

“a stuffing box to prevent leakage of fluid from
the cylinder. Power fluid may be introduced to
cylinder 4F on opposite sides of piston 40 te shift
the position of the piston and thereby shift slide

“valve 38. '
~ Power fluid fiow to cylinder 4{ is confrolied
by the mechanically tripped valve housed within

“cap 23. Cap 23 has connections 42 and 43 with
cylinder 41 communicating on opposite sides of
piston 48. The cap also has an inlet connection
-#4 for power fluid and a discharge connection 45.
‘A valve member 86 is mounted within the cap 23
arid controls the flow of power fluid and expended
power fluid through connections 42 and 43. This

“yvalve member 46 is cylindrical in shape with a
Tongitudinally extending groove A6¢ in its periph-
ery. This groove is engaged by aligning screw &1
and communicates with the inlet connection 44
whereby power fluid may flow past member 48
to both ends of the valve member. Thus with
the valve in the position shown in Fig. 1 the fluid
passes from connection 44 through groove 48z and
connection 42 to cylinder &1, driving the piston
49 to the position shown. Valve 4 has a recess
48b in its periphery. This recess makes com-
munication between connection 43 and discharge
‘45 so that expended power fluid in cylinder 4! is
exhausted when piston 48 moves to the position
shown in Fig. 1.

The arrangement of valve 46 is'such that when
shifted in the cylinder of cap 28 to the left end
of the cylinder the recess 46D makes communica-
tion between connection &2 and discharge 45,
and the connection 43 is exposed. Thus with the
valve 6 in its shifted position power fluid is in-
‘troduced through line 43 to the left end of eylin-

4

der 41 to move piston 43 to the right. During
movement of the piston expendesd power fluid is
discharged through line 42, recess 46b and dis-
charge line 4%.

A connection is provided between valve 48 and
the double element piston whereby the valve is
mechanically tripped by the travel of the power
piston as it reaches predetermind positions (usu-
slly the ends of the cylinder bore) within the
¢ylinder bore. This connection includes the rod
43 attached to valve 45 and extending into the
well of member 49 of cylinder head 14. The rod
carries a stop 48« ab its end within the well and a
stop 48b intermediate its ends. Rod 48 extends

5 through apertured plug 88 threaded in the well

of member 43. The aperture of plug 83 is smaller
than the diameter of stops 48¢ and 48D whereby
the plug engages these stops as the piston travels
within the bore.

With the parts arranged as.illustrated in Fig.
1, power fluid is introduced through passages 21
to cylinder {8 to drive the double element piston
foward the left. As the piston continues to move
to-the left, plug 50 will engage stop 48b, and con-

x tinued movement of the piston will move valve 48

to the left until recess 48b covers the connec-
tions 82 and 45. When this is accomplished power
fluid passes from cap 23 through connection 43
to cylinder 41 to drive piston 40 :to the right.
With piston 29 in its extreme right position,
valve 88 has been shifted so that its recess covers
ports 35¢ and 38D in the divider plate, and power
fAluid is then introduced to cylinder 17, whereby
the double element piston is driven to the right.
‘As the movement of the piston to the right con-
tinues, plug 5% engages stop 48a to shift valve
46 to position shown in Fig. 1. This again re-
verses flow of power fluid to cylinder 41 to shift
valve 28, whereby .power -fluid is again intro-
duced to power cylinder 8, changing the direc-
tion of travel of the double element piston.

It wiil be understood that the area ‘of each of
the piston heads 14 and 85, which is exposed to
fluid to be pumped, is small elative to the outer

5 faces of the piston heads- exposed to the power

fluid. For this reason the pressure of the fluid to

“pe pumped is great velative to the pressure of

60

€0

the power fluid. Obviously, the diamszter of the
cylinder connection {5 between the piston heads
13 and i5 may be varied to change the pressure
ratio -of the pumped fluid to the power fluid.
However, as the diameter of connection {6 is in-~
creased to increase the ‘pressure, the volume
capacity of the pump-is deereased proportionate-

«-ly. Therefore, it is often desirable to jricrease the

pressure of the pumped fuid without at ‘the
same time decrsasing the veluide capacity of the
pump.

The auxiliary power attachmeént shown in Fig. 2
is provided to increase the discharge pressure of
the pump. The attachment comprises a cylirider

“housing Bt with an end.plate’52. -A piston 53 1s

65

70

mounted within the housing and is attached by
rod 54 to piston head (5. The -rod 54 extends
through a stuffing box to prevent jrterminglinig of
fluids. The housing 81 has passages 55.corre-
sponding in number and communicating with pgs-
sages 271 to supply power fluid to-the right-side of
piston 53 at the same time power fluid is supplied
to cylinder 18. Ports 56 communicate through
passages formed in housing 5{-with passages 25 of
the body 10. Thus, power fluid is introduced to
the left side of piston 53 through ports 24, pas-

- sages 25 and ports 56. The expended power fluid

(]

is exhausted from either side of the piston through
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" the same passages and ports through which it was
supplied. By this expedient, the pressure of the

‘pumping fluid may be substantially doubled with-
out decreasing the volume capacity of the pump.

While the diameter of the bore of the cylinder
housing 51 is substantially the same as the c¢ylin-
der bore of body {8, it is contemplated that the
diameter of the bore of the auxiliary housing may
be varied to either increase or decrease the de-
gree of pressure step-up.

Referring to the modification shown in Figs. 5
and 6, it will be seen that there is provided a high
pressure booster section which may be utilized
in conjunction with the relatively low pressure
pump section shown in Fig. 1. The booster sec-
tion is attached to bedy {8 by removing end plate
21 and securing in its place end plate 68 of the
booster section.

The booster cylinder is made up of the cylin-
drical member 6i and the cylinder heads 82 and
63. Cylinder heads 62 and 63 are annular in
shape and have large diameter bores 62a¢ and 63¢
which receive the ends of member 61. O-rings or
other sealing means are disposed between the
ends of member 61 and the abutting shoulders
of the eylinder heads to form a seal therebetween.
The cylinder heads and cylinder member are held
together as a unit by through bolts €4. These
bolts also secure the booster unit to plate 68. The
bumper i@ surrounds the male portion of cylin-
der 62 and limits the stroke of the double element
piston.

The cylinder heads have bores of reduced di-
ameter which are of substantially the same di-
ameter as the bore of member 61. The bores of
the cylinder heads and member &1 are coaxial
with the cylinder bore of body 19. A booster rod
65 extends through the cylinder heads, and one
end is secured to piston element i5 of the double
element piston. The other end of rod §5 serves
as a guide and is housed within dome {i{. Each
of the cylinder heads carries a packing gland
surrounding rod 65. Rod 85 carries suitable pack-
ing 86, which serves as a piston on plunger with-
in the cylinder bore of member 61.

Each of cylinder heads 62 and 63 has radial
bores communicating with the reduced diameter
bores. These radial bores serve as inlet and out-
let ports for the booster cylinder. Check valves
are provided for these ports. In the case of the
inlet ports, the check valve balls 67 seat against
shoulder 68 of fittings 89. The balls are urged
against their seat by springs 70. In the outlet or
discharge ports, the ball valves and springs are
reversed whereby the springs urge the valves into
seating position against the cylinder head port.
The inlet ports communicate with the supply line
71 for fluid to be pumped. Line 72 provides a
connection with one of the inlet ports and line 7i.
Line 73 forms a part of the connection for the
outlet ports to the discharge line 14, A pressure
gauge may be incorporated in the discharge from
the hooster.

A fluid to be pumped may be supplied to the low
pressure section and the booster section by a com-
mon supply line 16 through branches Ti and 77.
A common discharge line 74 may also communi-
cate with the exhaust of both sections. It is pre-
ferred to place a check valve 18 in the discharge
line between the two sections.

In order that the low pressure section and high
pressure booster section can-be selectively and
interchangeably used, a pipe 19 is provided be-
tween the inlet and exhaust fittings 82 and 33.
This pipe may be equipped with a manually oper-
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6
ated valve 88, and preferably has disposed there-
in a combination valve and regulator 8!. The
regulator §1 has a connection with the discharge
line 74 on the downstream side of check valve 18
through conduit 82.

The valve and regulator is detailed in Fig. 7 and
comprises a cylindrical casing made up of two
parts 83 and 84 having a threaded engagement.
Part 84 has a bore 84¢ which slidingly receives
the stem of valve member 85. Packing gland 85
retains packing material 87 in an enlarged di-
ameter bore surrounding the valve stem. The
stem of valve 85 extends into a chamber formed
by an enlarged diameter bore 84b of part 84 and
abuts shoe 88. Shoe 88 has a flange which en-
gages one end of coil spring §9, the other end of
the spring engaging a threaded plug 98. A second
spring 81 is carried by the head of bolt 92 in the
line of travel of shoe 88. Bolt 92 has a threaded
engagement with plug 28 and may be advanced
toward or retracted from shoe &8 is adjust the
pressure exerted by the spring against valve §5.

Part 82 has an enlarged cylinder bore §3 in
which fits seat ring 94. Packing material is dis-
posed between ring 84 and shoulder 83¢ of part 83.
A sleeve insert 85 holds seat ring §4 securely in
position when parts 83 and 84 are assembled.
Ports 83b and 83¢ are provided for connection in
conduit 79.

Valve 85 is urged by spring 89 against seat 24
to close the passage through the cylindrical cas-
ing. In order that the valve may be opened in
response to pressure within the discharge line,
a plunger stem 96 is secured to valve 85 and ex-
tends through the seat ring into the bore of fit-
ting 97. This fitting in turn is connected to the
discharge line 74 through the conduit 82. Thus
the end of plunger 96 is exposed to pressure with-
in the bore of fitting 97 equal to the discharge
pressure. When this pressure is great enough
to collapse spring 89, valve 83 is opened, and the
intake and exhaust fittings 32 and 323, respec-
tively, are placed in communications with each
other. Spring 91 does not engage shoe 88 until
valve 83 has been unseated., This spring is stiffer
than spring 89 and when it is engaged retards
further movement of valve 85 until the discharge
pressure is sufficient to overcome the combined
springs 89 and 8f. A second valve member 98
is carried by plunger rod 96 and seats against
ring 94 when the discharge line pressure exceeds
a certain value. By rotation of bolt §2, the upper
pressure at which the valve is closed may be ad-
justed.

In operation of the low pressure and high pres-
sure booster sections, the pump sections are as~
sembled as illustrated in Fig. 5. The pump then
may be used for any normal pumping purpose,
but is especially adapted for use in testing appa-
ratus such as boilers, well heads, Christmas trees
and the like. When a testing job is to be per-
formed, it is usually preferable to use a hydraulic
fluid as the test fluid. The low pressure section
is utilized as the pumping means until the con-
tainer to be tested has been filled. This is de-
sirable because of the greater capacity of the low
pressure pump as compared with the booster.
Spring 89 of regulator 81 is set so that valve 85
will open when the pressure within discharge line
T4 approaches the pressure output of the low
pressure section. With valve 85 open, inlet and
outlet fittings 32 and 33, respectively, are placed
in communication, and the low pressure section
ceases to act as a pump because of the equaliza-
tion of the pressures. With valve 85 seated, the
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volume capacity of the low pressuré section is so
great as compared with the volume capacity of
the hooster section that the booster section is
substantially ineffectual. However, with valve L]
unseated, the low pressure section becomes in-
effectual, and all the fluid pumped must pass
through the booster section. Back pressure valve
18 is seated by the pressure developed by the
booster seetion, and the pump continues in op-
eration until the discharge pressure is great
enough to move plunger 96 against the springs
89 and 91 to the point that valve member 88
seats against seat ring 94, When this oceurs,
conduit 19 is again closed, and the pump imme-
diately locks and remains ineffective until the
pressure in the discharge line has been released.

By this arrangement high volume pumping
may be accomplished at pressures in the neigh-
borhood of 200 pounds per square inch by ubiliz-
ing the ordinary water pressure in most city
mains, which is usually about 60 pounds per
square inch. The area ratio between the double
element piston and piston or plunger 68 of the
pooster section is sueh that pressures in the

neighborhood of 12,000 pounds can be daveloped -

by the pump utilizing ordinary city water as the
power source.

In the event additional pressure is desired from
the booster section, it may be readily obtained by

utilizing the pump chambers {8 and 28 as aux- 3

iliary power cylinders, For this purpose con-
duits 109 and {04 are provided in communication
with chambers 19 and-20, respectively. Conduif
{00 communicates with passages 27 through T
connection 162 and conduits {03 and {04,
valve (G5 controls fiow through these econduits.
Conduit (8 communicates with passages -28
through conduits 196 and 107, and flow is con-
trolled through these conduits by valve 188. By
opening valves 056 and {88, power fluid is in-
troduced to and exhausted from chambers 8
and 20. The arrangement is such that chamber
19 is- energized simultaneously with power cylin-
der 18 and chamber 20 is ehergized simultansous-
1y with power cylinder 11. Thus the active area
of the double-element piston which is exposed to
power fluid at any one time is increased by the
area of pistons 14 and {5 that are exposed to
chambers 19 and 28, respectively.

When the valves {85 and §68 are opened, the ¢

pressure within reserveirs 3% and 3i is greafer
than the pressure in intake line 71, and the pop-
pet intake valves are held seated by the pressure
within the reservoirs. Pressure in discharge lise

18 down stream from check valve 18 is greater s

than the pressure within the exhaust fitting 38,
and the check valve is seated by this pressure, It
is then apparent that with valves {84 and 103
open the poppet intake and exhaust valves are

held closed automatically and the chambers (9

and 28 become a part cf the power system where-
by the entire low pressure section is utilized as-a
motor for actuating the booster piston 68.

From the foregoing it will be seen that this in-
vention is one well adapted to atiain all of the
ends and objects hereinabove set forth, together
with other advantages which are cbvious and
which are inherent to the structure.

1t will be understood that certain features and

subcombinations are-of utility and may be em- 7

ployed without reference to other features and
subcombinations. This is contemplated by and
i{s within the scope of the claims.

As many possible embodiments may be made of
the inverition: without departing from the scope
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thereof, it is to be understood that all matter
herein set forth or shown in the accompanying
drawings is to be inferpreted as illustrative and
not in a limiting sense.

Having described the invention, what is claimed
is:
i. In a fluid actuated pump having & body hav-
ing a support and with a cylinder bore, means in-
cluding a piston mounted within the bore dividing
it into two power cylinders at the ends of the
piston and intermediate chambers for fluid to be
pumped, the capacities of the cylinders and
chambers variable individually with reciproca-
tion of the piston, the improvement which re-
s‘des in the combination therewith of a valve
cage adjacent one end of the body having intake

‘and exhaust connections for power fluid and an

even number of passages communicating between
the power fluid connection and the peower cylinder
remote from the cage, said passages spaced
equally from a plane normal to the support and
including the longitudinal axis of the bore and
of equal cress-sectional area and valve means si-
multaneously controlling. flow through said pas-
sages, whereby surging effects of fluid passing
through the passages are substantially counter-
halanced.

2. A pump a8 in claim 1 wherein the intermedi-
ate pump chambers each have ports to esfablish
communication between both the chambers and
& source of fiuid to be pumped and a discharge
for pumpsd Suid, said ports having equal areas
simiiarly disposed on each side of a plane normal
to the support and including the longitudinal axis
of the bore, whereby the forces produced by surg-
ing of fiuid through the ports does not tend to ef-
fect lateral movement or rotation of the pump.

3. A pump as in claim 1 wherein the body is a
casting with said.fluid passages formed therein.

4. Tn a fiuid actuated pump having a cast body
with & eylinder bore, means including a double
element piston and packer within the bore divid-
ing it into two power cylinders at the ends of the
piston and intermediate chambers for fluid to be
pumpsd, the capacities of the cylinders and
chambers variable individually with reciprocation
of the piston, the improvement which resides in
the combination thsrewith of power fluiid pas-
sages formed in the kody communicating with
the ends of the cylinders, said passages extending
through one end of the body and adapted to sup-
ply power fluid to the piston and to an auxiliary
power attachment.

5. A fiuid actuated pump comprising a cast
body with a cylinder bore and a support, means
including a double element piston and packer
within the bore dividing it into power cylinders
at the ends of the piston and intermediate cham-
berg for Auid te bz pumpsd, the capacities of the
cylinders and chambpers variable individually with
reciprocation of the piston, an auxiliary cylinder
housing removably mounted on one end of the
body with a bore axially aligned with the bore of
the body, a second piston reciprocally mounted
in the bore of the housing angd rizidly intercon-
nected with the first piston, and passages com-
municating witli the cylinders for supplying and
exhausting power fluid to and from the cylinders
on corresponding sides of the pistons simultane-
ously, the passages for supplying power fluid to
the auxiliary cylinder being even in number and
provided in the cast body spaced equally from a
plane normal to the pump support and including
the longitudinal axis of the bore, said passages
each being of equal cross-sectional area.
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6. The pump of claim 5 wherein the auxiliary
cylinder housing is a casting and has passages for

supplying power fluid thereto communicating

with the passages for this fluid formed in the
body, the passages in the auxiliary cylinder hous-
ing also being spaced equally from a plane normal
to the pump support and including the longitu-
dinal axes of the body and auxiliary cylinder
housing bores, and each being of equal cross-sec-
tional area.

7. A fluid actuated pump comprising a body
with a cylinder bore therein, a double element
piston operably mounted within the bore to pro-
vide power cylinders at each end of the piston
with pumping chambers therebetween, a pressure
booster including a cylinder with a bore axially
aligned with the body bore, a plunger within the
booster bore rigidly interconnected with the
piston, the active area of the plunger being small
relative to that of the power faces of the piston,
means for selectively supplying fluid to be pumped
to the pumping chambers and the booster cyl-
inder and operakle discharge connections from
said pump chambers and booster cylinder where-
by the pump may be selectively operated. as a
high volume and a high pressure pump.

8. In a fluid actuated pump having a cylinder
with a pisten operably mounted thersin to pro-
vide power eylinders and chambers for fluid to be
pumped, a pressure hooster includng a second
cylinder co-axial with the first eylinder, a plunger
reciprocally mounted within the second cylinder
and having a rigid connection with the piston,
valve controlled ports for the second eylinder pro-

viding for alternate intake and exhaust of fluid to i:

and from the cylinder on both sides of the plunger
dependent upon the direction of travel of the
plunger, reservoirs for fluid to be pumped having
ports communicating with the chamvers of the
first cylinder, a common inlet connection and
common exhaust connection for the reservoirs, a
conduit for supplying fluid to be pumped to the
intake connection and the intake ports of the sec~
ond cylinder, and means for selectively placing
the intake and exhaust connections for the reser-~
voir in ecommunication whereby the unit serves as
a high volume pump with sa‘d inteke and exhaust
connections out of communication and as a high
pressure pump with said connections in com-
munication. .

9. A pump as in claim 8 wherein a discharge
line communicates with the exhaust connection
for the rservoirs and the exhaust ports of the
second cylinder and has a back pressure check

valve therein intermediate said points of com- :

munication.

10. In a fluid actuated pump having a cylinder
with a piston operably mounted therein to pro-
vide power cylinders and chambers for fluid to
be pumped, a pressure booster including a second
cylinder co-axial with the first cylinder, a plunger
reciprocally mounted within the second cylinder
and having a rigid connection with the piston,
valve controlled ports for the second cylinder
providing for alternate intake and exhaust of
fluid to and from the cylinder to supply fluid to
the cylinder on the suction side of the plunger
and to exhaust fluid from the cylinder on the
compression side of the plunger, reservoirs for
fluid to be pumped having ports communicating
with the chambers of the first cylinder, a com-
mon inlet connection and common exhaust con-~
‘nection for the reservoirs, a conduit for supply-
ing fluid to be pumped to the intake connection
and the intake ports of the second cylinder, a
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pipe communicating hetween the intake and ex~

haust connections for the reservoirs and a valve

controlling flow through said pipe whereby the

unit serves as a high volume pump with said in-

take and exhaust connections out of communica-

tion and as a high pressure pump with said con-
nections in commmunication.

11. In a fluid actuated pump having a ¢ylinder-
with a piston operably mounted therein to provide
power cylinders and pump chambers, a pressure
booster including a second cylinder co-axial with
the first cylinder, a plunger reciprocally mounted
within the second cylinder and having a power
transmitting connection with the piston, valve

6 controlled ports for the second cylinder provid-

ing for alternate intake and exhaust of fluid to
and from the cylinder on both sides of the plunger
supplying fluid to the cylinder on the suction side
of the plunger and exhausing fluid from the
cylinder on the compression side of the plunger,
reservoirs for fluid to be pumped having ports
communicating with the chambers of the first
cylinder, a cornmon inlet connection and a com-
mon. exhaust connection for the reservoirs, a con-
duit for svpplying fluid to be pumped to the in-
take connection and the intake ports of the sec-
ond cylinder, a discharge line communicating
with the exhaust connection and the exhaust
ports with a back flow check valve between the
exhaust connection and the exhaust ports, a con-
nection between the intake and exhaust connec-
tions for the reservoirs, a valve in said connection
and a regulator for said valve, said regulator re-
sponsive to the pressure of said discharge line
and operative o close said valve in said pipe when
the discharge pressure is less than a prede-
termined amount and higher than a greater pre-
determined amount and to open said valve when
the discharge pressure is intermediate said pre-
determined amounts.

12. A fluid actuated p"mp comprising a low
pressure section and a high pressure booster sec-
tion, said low pressure section having a cylinder
with a piston operably mounted therein to pro-
vide power cylinders at both ends of the piston
with two intermediate pumping chambers and
common intake and exhaust fittings for the pump
chambers for separately and alternatively sup-
plying fluid to he pumped therefo, said booster
section including a cylinder with a piston therein,
means for actuating the piston, said piston, cylin-
der and actrating means so proportioned as to
be capab'e of developing -a high pressure relative
to that of the low pressure section, a supply line
communicating with the intake fitting of the
low pressure section and having an operable
valve controlled connection with the booster.
cylinder, a discharge line communicating with
the exhaust fitting of the low pressure section
and having an operable valve controlled connec~
tion with the booster cylinder, a back -flow check
valve in the discharge line between the sections,

.and means responsive to the pressure in the dis-

charge line downstream from the check valve for
placing the exhaust and intake fittings in com-
munication with one another when the discharge
line pressure downstream from the check valve
exceeds a predetermined low pressure but is less
than a greater predetermined pressure.

13. A combination as in claim 12 wherein the
pressure responsive means includes a valve and
a regulator in which the regulator is adjustable
as to its maximum pressure for closing the valve.

14; A fluid actuated pump assembly comprising
5 low pressure section and a high pressure booster
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section; the low pressure section having pump
chambers and intake and exhaust fittings, said
fittings each having separate valve connections
with each pump chamber; the booster section
having low volume capacity relative to the low
pressure section and valved intake and exhaust
ports for fluid to be pumped; a common discharge
line connected to the exhausts of both pump
sections with a back pressure check valve in
the discharge line intermediate its connections to
the pump sections; a connection between the in-
take and exhaust fittings of the low pressure sec-
tion and a valve for the connecticn, a regulator
for the valve responsive to the pressure in the
discharge line downstream from the check valve
for closing the valve when the discharge pressure
in below a predetermined low pressure and ex-
ceeds a predetermined high pressure and to open
the valve when the discharge pressure is an inter-
mediate amount.

15. A fluid actuated pump comprising a low
pressure section and a high pressure booster sec-
tion, the low pressure section including a cylinder,
a double element piston therein dividing it into
power cylinders at the ends of the piston and
intermediate pumping chambers, said booster sec-
tion having a pump cylinder with a piston there-
in, a power transmitting connection between the
pistons of both sections whereby actuation of the
low pressure piston actuates the booster pisten,
means for selectively supplying and discharging
fluid to be pumped to the pump chambers of both
sections separately, and mezns for supplying and
discharging power fluid to the power cylinders of
the low pressure section to reciprocally drive the
double element piston therein.

16. A fluid actuated pump comprising a low
pressure section and a high pressure booster sec-
tion, the low pressure section including a cylin-
der, a double element piston therein dividing it
into power cylinders at the ends of the piston and
intermediate pumping chambers, said booster szc-
tion having a pump cylinder with a piston there-
in, a power transmitting connection between the
pistons of both sections whereby actuation of the
Jow pressure piston actuates the booster piston,
means for selectively supplying and discharging
fluid to be pumped to the pump chambers of both
sections separately, means for supplying and dis-
charging power fluid to the power cylinder of the
low pressure section to reciprocally drive the
double element piston thersin, and means to
selectively introduce and exhaust power fluid to
the pump chambers alternately whereby corre-
sponding faces of both elements of the piston of
the low pressure section may be simultanecusly
exposed to power fluid to increase the pressure
that may be developed in the booster section
when fiuid to be pumped is supplied to the booster
section.

17. A fluid actuated puinp comprising a pump
section including a cylinder, a double element pis-
ton therein dividing it into power cylinders at
the ends of the piston and intermediate pump-
ing chambers, means for selectively supplying
and discharging fluid to be pumped to the pump
chambers, means for supplying and discharging
power fuid to the power cylinder to reciprocally
drive the piston and means to selectively intro-
duce exhaust power fluid to the pump chambers
alternately whereby corresponding faces of both
elements of the piston may ke simultaneously ex-
posed to power fluid whereby the section may be
selectively uszd as a pump or g power unit.

"'18. A fluid actuated pump comprising cylinder j
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means with piston means therein fo provide
power cylinders and low pressure pump cham-~
bers, means for alternately supplying and ex-
nausting power fiuid to the power cylinders to
actuate the piston means, valve controlled inlet
and outlet ports for supplying and discharging
fluid to be pumped to the pump chambers, a pres-
sure booster including another cylinder of sub-
stantially smaller diameter than the pump cham-
bers, a plunger reciprocally mounted within the
second cylinder and having a power transmit-
ting connection with the piston means, inlet and
discharge ports for the booster cylinder with
check valves controlling them providing for
pumping of fluid upon each half cycle of the
plunger, a main discharge conduit, the sole con-
nections between the eonduit and the pump he-
ing connections with the discharge ports of the
pump chambers and booster cylinder, and means
in the conduit preventing backflow from the
Looster discharge to the pump cylinders.

19. A fluid actuated pump comprising cylinder
means with piston means therein to provide power
cylinders and low pressure pumnp chambers,
means for alternately supplying and exhausting
power fluid to the power cylinders to actuate the
piston means, valve controlled inlet and outlet
norts for supplying and discharging fluid to be
pump-d to the pump chambers, a pressure booster
including another ecylinder of small diameter
relative to the pump chambers, a plunger recip-
rocally mounted within the second cylinder and
having a power transmitting connection with
the piston means, inlet and discharge ports for
the booster cylinder with check valves controlling
them providing for pumping of fluid upon each
half cycle of the plunger, a main discharge con-
duit, the sole connections between the conduit
and the pumyp b.ing connections with the dis-
charge ports of the pump chambers and booster
cylinder, means in the conduit preventing back-
flow from the bocster discharge to the pump cyl-
inders, and fittings connected between the inlet
and discharge ports for the pump chambers to
selectively place thim in communication for cir-
culating fiuid.

20. A fluid actuated pump comprising eylinder
means with piston means therein to provide
power cylinders and low pressure pump cham-
bers, connection means for alternately supplying
and exhausting power fiuid to the power cylin-
ders to actuate the piston means, valve controlled
inlet and outlet ports for supplying and discharg-
ing fluid to ke pumped to the pump chambers, a
pressure hooster including another cylinder of
small diameter reiative to the pump chambers, &
plunger reciprocally mounted within the second
cylinder and having a power transmitting con-
nection with the piston means, inlet and dis-
charge ports for the booster cylinder with check
valves conirolling them providing for pumping
of fuid upon each half cycle of the plunger, a
main discharge conduit, the sole connections be-
tween the conduit and the pump being connec-
tions with the discharge ports of the pump cham-
bers and booster cylinder, means in the con-
duit preventing flow from the booster discharge
to the pump cylinders, and means for selectively
establishing communication between the pump
chambers whereby they may be selectively
rendered ineffective as a pump.

¢1. In o nump, a fluid operated actuator, cyl-
inder means with piston means therein providing
a pump chamber, sald piston means having a
power transmitting connection with the actuator;
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inlet and outlet ports for supplying and discharg-
ing fluid to be pumped to and from the chamber,
a booster cylinder of smaller area than that of
the pump chamber with plunger means therein
providing a booster pump chamber therein, said
plunger means having a power transmitting con-
nection with the actuator, means for supplying
and discharging fluid to be pumped to and from
the booster chamber, a common main discharge
conduit, the sole connections betwéen the con-
duit and the pump being connections with the
discharge ports of the pump chambers and
booster cylinder, check valve means in the con-
duit preventing backflow of fluid from the booster
discharge into the low pressure discharge and
means for selectively establishing communica-
tion between the inlet and outlet ports of the
first chamber to establish circulation through the
chamber and said ports.
ARTIE F. MCFARLAND.
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