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2,864,313
HYDRAULIC INTENSIFIER

Edward Dawson, State College, Pa., assignor, by mesne
assignments, to the Unrited States of Amenca as repre-
" sented by the Secretary of the Navy

Application April 24, 1957, Serial No. 654,977
13 Claims: (CL 103—51)

Thls invention relates to fluid pressure intensifying
means and more particularly to hydraulic intensifiers for
creating an elevated fluid pressure wherein the hydrauiic
intensifier is controlled by a single hydraulically oper-
ated control valve.

.. Prior art pressure mtensxfymg means generally utilize
more complex and expensive means to control the action
of one or more pistons adapted to produce elevated fluid
pressure.

.. The present invention is useful in substantially any ap-
plication where elevated fluid pressures are desired, such
as for example, to operate presses, rams and the like and
the invention prov1des a highly dependable hydraulic
intensifier that is simple in operation and economical -to
manufacture. The present invention may be mounted
in. any position and may be maintained in service for long
periods of time without the necessity of adjustments or
maintenance. The new and novel manner in which the
hydrauhc intensifier cooperates with the control prston
provxdes a high degree of positive control and depend-
ability ‘and utilizes a lesser number of moving parts than
heretofore. In addition, the new and novel manner of
cooperation of the various components result in a hy-
draulic intensifier that cannot reach an undesirable point
of equilibrium resulting in failure of the device to operate
satisfactorily.

‘An object of the invention is to provide a new and im-
proved hydraulic intensifier.

Another object of the invention is to provxde an im-
proved hydraulic intensifier and control means therefor.
. It is another object of the invention to provide a new
and improved hydraulic intensifier that is dependable in
operation, that contains a minimum number of moving
parts and that may be easily and economically manu-
factured.

" A still further object of the invention is the provision of

a hydraulic intensifier and control means therefor wherein
the control means: cooperates with the hydraulic inten-
- sifier in a new and novel manner to provide a simple and
dependable control” of the hydraulic intensifier that is
rapid and positive in operation and that cannot reach
an undesirable point of equilibrium.
Another object resides in the provision of a hydraulic
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Figure 2 is a fragmentary sectional view of a modifi-
cation of the high pressure cylinder and piston shown in
Figure 1 for relatively low pressure applications.

Figure 3 is a longitudinal section of the invention as
applied to a double acting hydraulic intensifier showing
the intensifier piston in solid lines in one extreme posi-
tion and in phantom in its extreme opposite position
and showing the hydraulic control device enlarged for
purposes of illustration.

Figure 4 is a fragmentary sectlonal view through the
hydrauhc control device of Figure 1 showing the control
piston in ifs opp031te extreme position.

Figure 5 is a fragmentary sectional view through the
hydraulic control device of Figure 3 showing the control
piston in its opposite extreme position.

In the embodiment of the invention illustrated in Fig-
ure -1 there is shown a high pressure cylinder 10 closed
at one end by a wall 11 and integral at its épposite end
with-a low pressure cylinder 12 having an internal diam-
eter greater than the internal diameter of the high pres-
sure cylinder 18. A ball-check inlet valve 13 and a ball-
check outlet valve 14 are provided in the upper portion
of the high pressure cylinder and operatively associated .
with the bore 15 of the high pressure cylinder 10 to
provide communication respectively between the bore 15
of the high pressure cylinder and the low pressure fluid -
conduit 16 and a high pressure fluid conduit 17. A high
pressure piston 18 integral with a low pressure piston 19
are reciprocally disposed respectively in bores 15—21
and are operationally associated with a hydraulic control
device 22 hereinafter described. A low pressure inlet
passage 23 in communication with the low préssure fluid
conduit 16 is provided in the lower portion of the high
pressure cylinder 19 and operatively associated with a cir-
cumferential groove 24 provided on the upper portion of
the high pressure piston 18 such that when the high pres-
sure piston approaches its maximum downward position
the low pressure inlet passage 23 will be placed exclusive-
ly in communicaticn with a conduit 25 connecting the
high pressure cylinder bore 15 and the hydraulic control
device 22. A circumferential groove 26 is also provided
on the lower portion of the high pressure piston 18
whereby conduit 25 will be placed in communication with
an exhaust outlet 27 to drain or a sump (not shown)
as the high pressure piston 18 approaches its maximum
upward position. As shown in Figure 1, the circumfer-
ential groove 26 places conduit 25 in communication with
the exhaust outlet 27 through the upper portion of the
low pressure cylinder bore 21, but it is to be understood
that such need not necessarily be the case. For example,
a separate and different exhaust port may be provided

. for connecting conduit 25 to drain and exhaust port 27
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intensifier that may be mounted in any position, that .

needs no adjustments and that may be used over long
periods without attention.

These and other features of the invention together with
their incident advantages, will be more readily understood
and - appreciated from the following detailed description
of the preferred embodiments thereof selected for the
purposes of illustration and shown in the accompanying
drawings in which:

Figure 1 is a longitudinal section of the invention as
applied to a single acting hydraulic intensifier showing the
intensifier piston in solid lines in one extreme position
and in phantom in its extreme opposite position and show-
ing the hydraulic control devxce enlarged for purposes of
iHustration. e

60

65
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may be retained to permanently connect the upper sur--
face 28 of the low pressure piston 19 to drain whereby
any fluid contained thereinabove may be exhausted.. The
inlet passage 23, conduit 25 ‘and grooves 24—26 prefer-
ably should be arranged and formed such that groove 24
will connect the inlet passage 23 solely to conduit 25 and
groove 26 will connect the conduit 25 solely to drain as
the high pressure piston 18 just approaches its Tespective
maximum downward and upward position.  Low pres-
sure piston 19 is preferably provided with an O ring-29
to prevent fluid seepage around the low pressure piston
19. Conduit 31 prov1des fluid communication between
the low pressure piston lower surface 32 and the hy-
draulic control device 22 for the purposes heremafter
described.

The hydrauhc control device 22 as shown in Flgure 1
is comprised of a cylindrical casing 41 closed at: both
ends by walls 42—43 and is provided with an axially
extending bore 44. A distributing sleeve 45 is-secured

. -within-the cylindrical -casing- 41 -and -is ‘provided with’3
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‘plurality- of -circimferentially extending grooves having
ports-therein. which communicate between the respective
grooves and the bore 44. A control pisten 46 which is
reciprocally mounted in bore 44 is provided with a plu-
rality of axially spaced lands 47, 48, 49 which are adapted
to -form ‘grooves -51—52.

A sleeve element 53 ‘is secured in the lower portion
of the distribiting sleéve 45 and is provided with an axial
passage 54 communiciting with the bore 44 and a second
‘bore 55. A thrust piston 56 is reciprocally disposed in
passage 54 and is of such length and configuraticn as to
engage the control piston 46 for upward movement in a
manner hereinafter described. A first distributing sleeve
‘groove 57 is connected through the conduit 25 with the
lowér portion of the high pressure cylinder 1€ and
through a plurality ‘of ports 58—59 with the bore 44,
ports -58 being disposed such that they are permanently
in communication with bore 44 and ports 59 being dis-

posed such that when the control piston is in its maximum -

upward position as shown in Figure 1 they are at least
‘partially open to bore 44 and when the control piston 46
is approaching its maximum downward positicn as shown
in Figure 4 they are closed by land 47. A second groove
‘61 is connected to exhatist and to the -bore 44 through
‘at least one port 62 disposed such that it is permanently
in communication with the control piston grcove 51 ir-
respective of the position of the control piston. A third
groove 63 'is connected to the source of fluid pressure
‘through conduit 16 and to bore 44 through a plurality of
ports 64. ‘A fourth groove 65.is connected through con-
duit 31 to the low pressure cylinder bore 21 and through
a plurality of ports 66 to the bore 44. A fifth groove
67 is connected to exhaust and to bore 44 through at
least one port 68 and is disposed such that it is never
‘closed irrespective of the position of the control piston
46 Groove 65 is disposed below groove 63 and groove
‘67 is disposed below groove 63 such that when the con-
trol piston 46 is approaching its maximum upward posi-
tion as shown in Figure 1 conduit 31 is connected to
éxhaust via groove 65, ports 66, bore 44, port 68 and
‘groove 67; and when the control piston 46 is approaching
its maximum downward position as shown in Figure 4
conduit 31 is connected to the source of fluid pressure via
conduit 16, groove 63, ports 64, groove 52, poris §6 and
groove 65. A sixth groove 69 provides communication
between the source of fluid pressure via conduit 16 and
‘the lower portion of the thrust piston 56 through a plu-
rallty of ports 71 stich that at least a transverse portion of
‘the thrust piston 56 is continually exposed to the source
of fluid pressure.

In the description following hereinbelow of the opera-
tion of the embodiment shown in Figure 1 it is initially
‘assumed that the device is in normal operation and that
‘the high pressure piston 18 is approaching its maximum
downward position (shown in phantom) and that the con-
trol piston 46 is in its maximum upward position as
shown in Figure 1. As will become more apparent here-
inafter, when the high pressure piston 18 is moving down-
wardly the control piston 46 will always be in its up posi-
tion. as shown .in Figure 1 and when the high pressure
piston 18 is moving upwardly the control piston 46 will
always be in its down position as shown in Fxgure 4, As
the high pressure piston approaches its maximum down-
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ward position groove 24 will place conduit 25 in com-

munication with conduit 16 thereby supplying low pres-
sure fluid to the space between the frusto-conical surface
72 and the adjacent wall 42. ‘When the pressure on the
frusto-conical surface 72 of the control piston reaches a
predetermined value the control piston 46 will begin to
move in a downward direction. It will be noted that as
the control piston 46 begins to move in a downward di-
rection fluid is supplied to the bore 44 above and below
‘land 47 and also exhausted in both instances through

70

jports 59 and exhaust.port 62. As the control piston be- -

@insito ‘move downwardly land 47 progressively reduces

75
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the exposed area of ports 59 thus causing the pressure
on -the frusto-conical surface 72 to increase rapidly.
When ports 59 are substantially closed the pressure on
surface 72 will build up rapidly and cause the control
piston 46 to snap downwardly to its maximum down
position as shown in Figure 4. If the exhaust port 62
has a diameter less than that of conduit 25, when groove
24 has opened conduit 25 to such an extent that the pres-
sure at both points is such that the pressure exerted
downwardly on surface 72 is just greater than the pres-
sure exerted upwardly on the thrust piston 56, the con-
trol piston will begin to move downwardly and begin
clozing ports 59 as previously stated. Low pressure fluid
is.continuously supplied to at least one surface 73 of the
fower portion of the thrust piston, hence the critical pres-
sure at which the control piston will begin movement will
depend upon the ratio of the exposed area of the top of
the control piston to the exposed area of the bottom of
the thrust piston. A 2:1 ratio will be found to be satis-
factory for most applications and although the ratio may
be varied to secure a desired sensitivity a ratio of 1:1 is
not recommended. When the control piston approaches
its maximum down position fluid will be trapped above
surface 72 and the pressure exerted thereby will maintain
the control piston in its maximum down position until
relieved. - As the control piston approaches its maximum
down position the lower surface 32 of the low pressure
piston 19 will be placed in communication with the low
pressure fluid through conduit 31, groove 63, ports 66,
groove 52, ports 64 and groove 63. The application of
low pressure fluid to the lower surface 32 of the low
pressure piston 19, due to increased area, will cause the
high pressure piston 18 to move upwardly thereby closing
conduit 25 and entraping the fluid and consequent pres-
sure above surface 72. Ball-check valve 13 prevents the
high pressure fluid from entering the low pressure line
16 and the ball-check valve 14 allows the high pressure
fluid to enter the high pressure line 17. As may now be
obvious the high pressure piston 18 will move upwardly
until such time as groove 26 begins to open conduit 25.
As the high pressure piston approaches its maximum up-
ward position, groove 26 will begin to open conduit 2§
thus allowing the fluid above surface 72 to be partially
exhausted through conduit 23, groove 26 and exhaust
outlet 27 and thence to a vented storage tank or sump,
not shown in the drawing. When the pressure on sur-
face 72 decreases to the critical pressure referred to here-
inabove the control piston will begin to move in an up:
wardly direction due to the fluid pressure on surface 73
of the thrust piston 56. As the control piston moves up-
wardly it will begin to open ports 59 thus providing an
additional passage for the fluid above surface 72 to be
exhausted through exhaust port 62 to drain. When a
sufficient area of ports 59 are exposed the control piston
will snap to its maximum up position thereby connecting
the fluid in contact with the lower surface 32 of the low
pressure piston to exhaust through conduit 3{, groove
65, ports 66, ports 63 and groove 67. It may now be
obvious that once the pressure previously exerted on the
lower surface 32 of the low pressure. piston is removed
the high fluid pressure entrapped in bore 15 will cause the
high pressure piston to begin moving in a downwardly
direction. The high pressure piston will now move
downwardly due to the aforementioned high fluid pres-
sure and will continue moving downwardly until such
time as it reaches the fluid pressure in conduit 16. There-
after, the fluid pressure in conduit 16, through ball-check
valve 13, will continue forcing the high pressure piston
to its maximum downward position. As the high pres-
sure piston approaches its maximum downward position
groove 24 will place conduits 16—25 in communication
thereby causing the control piston to snap to its down po-
sition and the cycle to be repeated as described herein-
above. . . ‘
The fluid pressure intensifying means as described here-
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inabove is s¢lf-acting and will begin operation no matter
where the high pressure piston or the control piston
should stop or be located. Should the high pressure line

be closed the control piston will not reach an undesirable.

‘point of equilibrium. If there is no leakage around the
control piston, the entire system will remain in equi-
librium until such time as the high pressure line is opened,
at which time operation will immediately commence
Should there be slight leakage of fluid from above sur-
face 72 such as for example, through ports 59, the con-
trol piston 46 will slowly begin to creep upwardly. When
the control piston is substantially in its mid position ports
66 and hence conduit 31 is closed thus entrapping the
fluid present below the lower surface 32 of the low
pressure piston. If the fluid above surface 72 continues
to leak out the control piston will continue to move up-
wardly thus beginning to open ports 59. When a suffi-
cient area of ports 59 have been exposed the control
piston will snap to its upward position as previously de-
scribed hereinabove thus causing the high pressure piston
to move to its maximum downward position and thereby
begin a new compression stroke. With properly fitting
parts the time necessary to complete the above operation
will be on the order of hours with no consequent loss in
high pressure or detrimental effects. Although the opera-
tion of the control piston has been discussed as possessing
two distinct steps it is to be understood that should they
exist separately they will occur-so close together in point
of time that the control piston will immediately snap to
its appropriate position as the high pressure piston ap-
proaches an extreme end position.

For the simplest and most economical construction for
relatively low pressure applications the high pressure
cylinder 10 and the high pressure piston 18 may be modi-
fied as shown in Figure 3 wherein the pressure seal 74
and groove 24 are eliminated thereby providing a sub-
stantially flat upper surface 75 on the high pressure pis-
ton 18 which performs the same function as groove 24,
the necessary fluid being supplied to conduit 25 through
conduit 16, ball-check valve 13 and bore 15. In order
that surface 75 may properly place conduit 25 in com-
munication with bore 15 it may be obvious that the
length of bores 15—21 and the high pressure piston 18
must be such that when the high pressure piston 18 ap-
proaches ‘its maximum downward position surface 75
will be positioned. below conduit 25 and above bore 21
thereby permitting the passage of fluid solely to con-
duit 25,

" There is shown in Figure 3 an embodiment of the in-
vention as applied to a double acting hydraulic intensifier.
As shown in Figure 3 the hydraulic intensifier comprises
a first high pressure cylinder 100 closed at one end by a
wall 101 and provided with an axial bore 102 and a ball-
check inlet valve 103 and a ball-check outlet valve 104
in operational communication with the upper portion of
the bore 162. In the inner portion of the high pressure
cylinder 189 there is provided a passage 105 connected
to exhaust and connectable to passage 106 longitudinally
offset from the exhaust passage 105 as hereinafter de-
scribed. A second high pressure cylinder 107 substan-
tially identical with the first high pressure cylinder 100 is
oppositely disposed to and away from the said first high
pressure cylinder whereby its bore 108 is in axial align-
ment with bore 162, Ball-check inlet and outlet valves
109—111 are similarly provided in communication with
bore 108, the ball-check inlet valves 103—109 being
connected to a source of fluid pressure (not shown) by a
conduit 112 and the ball-check outlet valves 104—111
are connected by a conduit 113. Passages 114—120 are
similarly provided in the inner portion of the high pres-
sure cylinder 197, passage 114 being connected by con-
duit 112 to the source of fluid pressure and passage 120
being connected to passage 106 by means of conduit 115,
Integral with and axially disposed between the high pres-
sure cylinders 100-—-107 is a low pressure cylinder 116
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provided with a bore 117 having a diameter greatet than
the bores 102—108 of the high pressure cylinders, a
passage 118 connecting the upper portion of the low
pressure cylinder bore 117 to conduit 119 and a passage
121 connecting the lower portion of the low pressure
cylinder bore 117 to conduit 122,

"~ A double acting piston 110 comprised of 2 low pres-
sure piston 123 reciprocally mounted in bore 117 and in-
tegral with substantially identical high pressure pistons
124125 reciprocally mounted respectively in bores
102—108 provide the means for supplying flnid at an
elevated pressure to conduit 113. An O ring 126 is pro-
vided on the low pressure piston 123 to provide a fluid
seal between passages 118—121 and pressure seals
127—128 are provided on the outer end portions of high
pressure pistons 124—125 to provide a seal at the high
pressure pistons for the high pressure fluid. Although
sealing means have been shown and described for the high
pressure and low pressure pistons it is to be understood
that such sealing means may well be modified or elimi-
nated as the type of use and preference may dictate. A
circumferential groove 129 is provided on the outer por-
tion of the high pressure piston 124 and a substantially
identical groove 131 is provided on the outer portion of
the high pressure piston 128. As shown in Figure 3
grooves 129—131 are so disposed and arranged that as
the double acting piston approaches its maximum down
position groove 129 will place passage 106 exclusively
in communication with exhaust through passage 105 and
as the double acting piston 110 approaches its maximum
up position (shown in phantom) groove 131 will place
passage 120 exclusively in communication with the source
of fluid pressure through passage 114.

The hydraulic control device 141 for the double acting
piston 110 as shown in Figure 3 is similar in appearance
to the hydraulic control device 22 as shown in Figure 1
in the provision and association of a cylindrical casing 142
closed at both ends by walls 143—144, a distributing
sleeve 145 secured within the cylindrical casing 142 and
having an axial bore 146, a control piston 147 reciprocally
mounted in the distributing sleeve bore 146, a passage 148
connecting bore 146, and an enclosed space 149, said
space being in communication with the source of fluid
pressure, a passage 151 and conduit 112, and a thrust
piston 152 reciprocally mounted in said passage 148 and
adapted to operate in a manner substantially identical
to that described for thrust piston 56. As noted in con-
nection with the description of the single acting hydraulic
intensifier the thrust piston 152 has a diameter less than
the maximum diameter of the control piston 147 and is
formed such that when it is in either its up or down posi-
tion there is exposed to the low pressure fluid a more or
less transverse surface having an area less than the area
of the control piston frusto-conical surface 153.

The control piston 147 is provided with a frusto-conical
upper surface 153, circumferential grooves 154—155.—
156 formed by lands 157, 158, 159, 161, said grooves
and land being disposed and formed to operate in the
manner hereinafter described. The distributing. sleeve
145 is provided with a first circumferential groove 162 in
communication with conduit 115 and with bore 146
through ports 163 and at least one port 164. Ports 163
provide continuous communication between groove 162
and bore 146, while port 164 is disposed such that it is
open when the control piston 147 approaches its maxi-
mum up position as shown in Figure 3 and it is closed
when the control piston 147 approaches its maximum
down position as shown in Figure 5. A second groove 165
connected to drain is provided with two sets of ports
166—167 communicating with bore 146. Ports 166 and
ports 167 are located such that when the control piston
147 is in its maximum up position ports 166 are in comi«
munication with the control piston groove 154 and ports
167 are in communication with the control piston groove
155 and when the control piston 147 is approaching its



2,864,313

7

,maxxmum down position both sets of ports 166—167 are
in  communication with the control piston groove 154.
A third groove 168 is provided with a plurahty of .ports
169 in communication with bore 146 and is also connected
to .conduit 119. A .fourth groove 171 similarly provided
with a plurality of ports 172 in communication with bore
146 and is connected to the source of fluid pressure by con-
duit 112. The above described third and fourth grooves
168—171 and their respective poris are located and
formed such that when the control piston is approaching
its maximum up position (Figure 3) the third groove
168 is placed in communication with exhaust through
ports 169, control piston groove 155, ports 167 and
groove 165 and when the control piston is approaching
its maximum down position (Fxgure 5) the third groove
168 is placed in communication with the source of low
pressure fluid via ports 169, control piston groove 155,
ports 172 and groove 171. A fifth groove 173 is prov1ded
with ports 174 in communication with bore 146 and is
connected to conduit 122. A sixth groove. 175 is con-
nected to exhaust and is provided with two sets of ports
176-—177 in communication. with bore 146. The ports
174 in communication with the fifth groove 173, the
ports 176 in communication with the sixth groove 175,
and the ports 172 in communication with the fourth groove
171 are located such that when the control piston is ap-
proaching its maximum up position the source of low
pressure fluid is placed in communication with conduit
122 via groove 171, ports 172, control piston groove 156,
ports. 174 and groove 173, and when the control piston
is approaching its maximum down position conduit 122
is placed in communication with exhaust via groove 173,
ports 174, control piston groove 156, ports 176 and
groove 175. The remaining. ports 177 associated with

the sixth groove 175.are provided to prevent the entrap- -

ment of fluid below -the control piston.

To facilitate the explanation of the operation ¢f the em-
bodiment shown in Figure 3 it.is assumed that the double
acting piston 110 is just finishing its. down stroke and that
the fluid previously trapped above the frusto-conical sur-
face 153 of the control piston as explained herein later
has been partially exhausted to drain through groove 162,
conduit 115, passage 106, groove 129 and passage 105.
When the ﬂmd pressure of surface 153 becomes less than
the. pressure exerted by the thrust piston 152 on the
thrust piston due to the leakage of fluid to drain as pre-
viously explained, the control piston 147 will begin to
move in an upwardly direction. When land 157 begins
to uncover port 164 an additional path to drain will be
opened thereby allowing the control piston to snap to its
maximum up position. As the control piston approaches
its maximum up position as shown in Figure 3 conduit
119 will be placed in communication with drain via the
third groove 168, ports 169, control piston groove 155,
ports 167 and the second groove 165 as previously ex-
plained thereby placing the fluid entrapped above the
upper surface 132 of the low pressure piston 123 in com-
munication with drain or exhaust. Simultaneously, the
lower surface 133 of the low pressure piston 123 will be
placed in communication with the source of fluid pressure
via conduit 122, the fifth groove 173, ports 174, control
piston groove 156, ports 172, the fourth groove 171 and
conduit 112 thereby causing the double acting piston 110
tfo begin moving in an upwardly direction. As the high
pressure piston 124 moves in an upwardly direction the
high pressure  fluid trapped in bore 162 will maintain
ball-check inlet valve 103 closed and will cause ball-check
outlet valve 104 to open thereby admitting the high pres-
sure fluid into conduit 113 and as the high pressure piston
125 moves upwardly the decreased pressure in bore 108
will cause the ball-check outlet valve 111 to close and
allow the ball-check inlet value 109 to open and admit
low pressure fluid to bore 108 thereby filling bore. 108
Wlth fluid and prov1d1ng a second force adapted to urge
the double acting piston 110 in an upwardly. direction.
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The double acting piston 110 will now continue moving
in an upward directicn until groove 131 on the high pres-
sure. piston 125 places the frusto-conical surface 153 of
the control piston in communication with the source of
fluid pressure through passage 114, groove 131, passage
120, conduit 115, groove 162 and ports 163.

Due to the preferably relatively small size of port 164
as compared to the area of passage 120 the pressure on
the frusto-conical surface 153 of the control piston will
increase rapidly until the force thereon overcomes the
upwardly directed force on the thrust piston 152 and the
control piston will therefore begin to move in a down-
wardly direction. When land 157 substantially closes port
164 the control piston will snap to its maximum down
position as shown in Figure 5; as this occurs the upper
surface 132 of the low pressure piston will be placed in
communication with the source of fluid pressure through
conduit 119, the third groove 168, ports 169, control pis-
ton groove 155, ports 172 and groove 171 as previously
explained. The lower surface 133 of the low pressure
piston will be simultaneously placed in communication
with drain through conduit 122, the fifth groove 173, ports
174, control piston groove 156, ports 176 and the sixth
groove 175 as previously explained. It may now be
obvious that the fluid entrapped below the lower surface
133 of the low pressure piston is now connected to drain
and that the source of fluid pressure is now in communi-
cation with the upper surface 132 of the low pressure
piston, hence the double acting piston 110 will now begin
moving in a downwardly direction, thereby entrapping
fluid above the control piston surface 153 and forcing the
high pressure fluid in bore 168 into conduit 113. As the
high pressure piston 124 moves downwardly fluid through
ball-check inlet valve 103 will fill bore 102 thereby supply-
ing an additional downwardly directed force on the top
of the high pressure piston 124. The double acting piston
will continue moving in a downwardly direction until
groove 129 places passages 106—105 in communication
consequently allowing the control piston to begin moving
in an upwardly direction as previously described and re-
peat the cycle,

1t is to be noted that with regard to the above described
operation of the double acting piston 110, the operation
of the control piston 147 is very fast and will occur be-
fore the double acting piston 118 actually reaches an ex-
treme end position thereby resulting in a substantially
constant supply of high pressure fluid to conduit 113,
Further, in view of the above discussion, it may now be
readily observed that the present invention provides a new
and. novel arrangement for supplying fluid at elevated
pressures that contains a minimum number of moving
parts, that is inexpensive to manufacture and that is highly
dependable and inexpensive to maintain. Still further,
there is provided a unitary device for complete control
of the operation of the double acting piston that operates
in a new and novel manner to prevent either the double
acting piston or the control device from reaching an un-
desirable point of equilibrium under normal or even ex-
treme operating conditions.

While I have shown particular embodiments of my in-
vention, I am aware that many minor changes therein
will readily suggest themselves to others skilled in the art
without departing from the spirit and scope of the inven-
tion. It is to be understood, therefore, that I do not wish
to be limited to the particular showings made, but wish to
be limited by the scope of the claims hereto appended.

What is claimed is:

1. In a fluid pressure intensifying device the combina-
tion comprising: a distributing sleeve closed at both ends;
a control piston reciprocally mounted in said sleeve and
having a first portion, a second portion and a plurality
of circumferential grooves, said control piston having a
first position and a second position; a high pressure piston

" having a first portion and a second porticn; a low pres-

. sure piston integral with said high pressure piston, said
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high pressure piston and said low pressure piston being
adapted to be moveable from a first position to a second
position; a-fluid supply inlet; a drain outlet; first conduit
means connecting said distributing sleeve and said high
pressure piston first portion to said fluid supply inlet
and connecting said control piston first portion and said
high pressure piston second portion whereby fluid may be
supplied to said high pressure piston first portion and said
control piston first portion, said high pressure piston first
portion being adapted to act as a valve for the supply of
fluid to said control piston first portion; second conduit
means connecting said distributing sleeve and said low
pressure piston and operatively associated with said first
conduit means and said control piston whereby said low
pressure piston may be connected to said fluid supply
inlet when said high pressure piston approaches said first
position and connected to drain when said high pressure
piston approaches said second position; means for ex-
hausting fluid supplied to said control piston first portion,
said means comprising third conduit means associated
with said distributing sleeve and connecting said control
piston first portion and one of said control piston circum-
ferential grooves to drain when said control piston is ap-
proaching its said first position and fourth conduit means
operable to connect said control piston first portion to
drain when said high pressure piston is approaching its
second position; and a thrust piston adapted to constantly
urge said contro] piston towards its said first position.

2. A fluid pressure intensifying device comprising: a
high pressure cylinder having a closed end portion and
an open end portion; an inlet valve and an outlet valve
operationally associated with said closed end; a low pres-
sure cylinder rigidly connected to said high pressure cyl-
inder and having an open end portion and a closed end
portion, said low pressure cylinder open end portion be-
ing fixedly connected to said high pressure cylinder open
portion; a first piston reciprocally mounted in said low
pressure cylinder; a second piston fixedly connected to
said first piston and having a first portion and a second
portion and reciprocally mounted in said high pressure
cylinder, said high pressure piston second portion being
adapted to provide a passage between said high pressure
cylinder open end portion and said low pressure cylinder
open end portion; a distributing sleeve closed at both
ends and having a first cylinder portion and a second
portion, said first cylinder portion and said second por-
tion being connected by a passage; a control piston recip-
rocally mounted in said first cylinder portion and having
first and second circumferential grooves; a thrust piston
reciprocally mounted in said passage; first conduit means
adapted for connection to a source of fluid pressure and
connecting said inlet valve, said distributing sleeve first
cylinder portion and said second portion; second conduit
means connecting said distributing sleeve cylinder por-
tion to said low pressure cylinder closed end portion and
said high pressure cylinder open end portion; first and
second exhaust outlets connecting said distributing sleeve
first cylinder portion to drain; and a third exhaust outlet
connecting said low pressure cylinder open end portion
to drain whereby when said low pressure piston and said
high pressure piston are moving upwardly said control
piston remains in a maximum end position thereby con-
necting the source of fluid pressure to said low pressure
cylinder closed end portion and trapping fluid above said
control piston and when said high pressure piston and
said low pressure piston are moving in the opposite direc-
tion said control piston remains in its maximum opposite
end position thereby connecting said trapped fluid to said
first exhanst outlet and connecting said low pressure cyl-
inder closed end portion to said second exhaust outlet.

3. The combination as described in claim 2 wherein
said control piston additionally comprises a head portion
and an end portion; said second exhaust outlet is disposed
below said control piston end portion and said conduit
means connecting said source of fluid pressure to said
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distributing sleeve- cylinder portion is disposed ‘in opérds
tional relationship with said second groove whereby when
said control piston head portion is disposed away from
its respective distributing sleeve closed end portion. said
source of fluid pressure is connected to said low pressure
cylinder closed end portion and when said control piston
approaches its maximum opposite end position said low
pressure cylinder closed end portion is connected to drain.

4. The combination as described in claim 3 wherein
said first exhaust outlet is operationally associated with
said first groove; said control piston head portion is con-
structed and adapted to provide-a continuously exposed
surface; and said second conduit means connecting said
distributing sleeve cylinder portion and said high pressure
cylinder open end portion comprises a first passage in
communication with said control piston exposed surface
and a second passage disposed below said first passage
and in communication therewith and said high pressure

" cylinder open end portion whereby when said control

piston head portion is disposed away from its respective
distributing sleeve closed end portion fluid is trapped
above said control piston and when said control piston is
in its maximum opposite end position said second passage
is in communication with said first exhaust outlet.

5. The combination as described in claim 4 wherein
said first conduit means is additionally adapted to pro-
vide a source of fluid pressure to the open end portion of
said high pressure cylinder and the first portion of said
high pressure piston is provided with fluid conducting
means whereby when said low pressure piston is approach-
ing said low pressure cylinder closed end portion said
source of fluid pressure is in communication with said
first passage and when said low pressure piston is ap-
proaching its maximum opposite end position said first
passage is connected to said third exhaust outlet.

6. In a fluid pressure intensifying device the combina-
tion comprising: a first high pressure cylinder having a
closed end portion and an open end portion; a second
high pressure cylinder oppositely disposed to said - first
high pressure cylinder and having a closed end portion
and an open end portion; a low pressure cylinder having
a first end portion and a second end portion and connect-
ing said high pressure cylinder open end portions; first
and second outlet valves respectively in communication
with said high pressure cylinder closed end portions; first
and second inlet valves respectively in communication
with said high pressure cylinder closed end portions, a
reciprocable intensifier piston having a first side and a sec-
ond side, said first side being divided into a first high
pressure fluid contact surface disposed in said first high
pressure cylinder and a first low pressure fluid contact
surface dispsoed in said low pressure cylinder, said sec-
ond side being divided into a second high pressure fluid
contact surface disposed in said second high pressure cyl-
inder and a second low pressure fluid contact surface dis-
posed in said low pressure cylinder; fluid conducting
means provided respectively intermediate said first high
pressure surface and said first low pressure surface and
said second high pressure surface and said second low
pressure surface, said fluid conducting means being lo-
cated respectively adjacent said first and second high pres-
sure surfaces; a fluid supply inlet; a control piston having
a first, second, third circumferential grooves and a first
end portion and a second end portion and a first end posi-
tion and a second end position; a distributing steeve closed
at both ends and having a first portion and a second cylin-
der portion adapted to reciprocally receive said control
piston, said first portion and said second cylinder portion
being connected by a passage; a thrust piston reciprocally .
mounted in said passage and adapted to urge said control
piston toward its said first end position; a first exhaust
outlet connecting said control piston second end portion
to drain; control piston reversing means comprising sec-
ond conduit means operationally associated with said fluid
conducting means for supplying a source of fluid pressure
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to-said contro} piston first end. poxtion when said. inten-
sifier- piston approaches a maximum end position and,
connecting said control piston first end portion to drain
when said intensifier piston approaches its: maximum op-
posite end position, said distributing sleeve having a pas-
sageway connecting said second conduit means. and said
control piston first groove, and a second exhaust outlet

associated with said control piston first groove and said -

passageway whereby when said control piston is in a max-
imum end position said second conduit means is con-
nected to drain and when said control piston is in its
maximum opposite end position said connection is closed;
and third conduit means connecting said low pressure
- cylinder first and second end portions and said control
piston second and third grooves whereby when said con-
- trol piston is in a maximum end position fluid pressure is
supplied to said first low pressure fluid contact surface
and said second low pressure contact surface is connected
to drain and when said control piston is in its maximum
opposite position said first low pressure fluid contact sur-
face is connected to drain and fluid pressure is supplied
to said second low pressure fluid contact surface, said
second conduit means and said second exhaust. outlet
being so apportioned and located whereby when said
intensifier piston approaches a maximum end position
said control piston will be caused to move to a maximum
end position.
7. The combination as described in claim 6 wherein
said fluid conducting means comprises a first circumferen-

tial groove having a first portion and a second portion on

said intensifier piston adjacent said first high pressure
surface; a second circumferential groove having a first
portion and a second portion on said intensifier piston
and adjacent said second high pressure surface; a first
passage in commuanication with said first groove first por-
tion; a second passage in communication with said first
groove second portion; a second passage in communica-
tion with said second groove first portion; and a third
passage in communication with said second groove second
portion.

8. The combination as described in claim 6 wherein
said third conduit means comprises a fourth conduit per-
manently in communication with said first low pressure
fluid surface and said second control piston groove, a fifth
conduit permanently in communication with said second
low pressure fluid contact surface and said third control
piston groove, an inlet passage disposed in said distrib-
uting sleeve whereby it is in communication with said
conirol piston second groove when said control piston
approaches a maximum end position and it is in com-
munication with said control piston third groove when
said control piston approaches its said other maximum
end position; said passage connecting said conduit means
and said control piston first groove has an area less than
the smallest area of said second conduit means; and said
control piston first portion is provided with a permanently
exposed surface having an area greater than the trans-
verse area of said thrust piston.

9. In a fluid pressure intensifying device the combina-
tion comprising: a distributing sleeve closed at both ends;
a control piston reciprocally mounted in said sleeve and
having circumferential grooves disposed between a head
portion and an end portion; a thrust piston for constantly
urging said control piston in one direction; pressure in-
tensifying means including a reciprocable high pressure
piston and a low pressure piston integral therewith; a fluid
supply inlet; a drain outlet; first conduit means establish-
ing communicaticn between said distributing sleeve and
_said fluid supply inlet and for supplying fluid to said con-
trol pisten head portion through said pressure intensifying
means, said high pressure piston acting as a valve whereby
when said high pressure piston is in one position fluid is
supplied to said control piston head portion and when
said high pressure piston is in its opposite position said

control piston head portion is connected to drain; second °
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conduit means establishing communication between said
dlstrlbutmg sleeve and said low pressure plston whereby
said low pressure piston is alternately placed in commu-
mcatlon with said fluid supply when said control piston
is in one position and in communication with drain when
said control piston is in its opposite position; and third
conduit means establishing communication between said,
control piston head portion and an adjacent circumferen-
tial groove and drain when said control piston is ap-
proaching one position whereby when fluid is supplied to,
said control piston head portion said control piston snaps
to its opposite position and when said head portion is
connected to drain said control piston snaps to its Oppo-
site position to alternately reverse said high pressure
piston. ’

10. In a fluid pressure intensifying device the com-
bination comprising: a distributing sleeve closed at both
ends; a control piston reciprocally mounted in said sleeve
and having circumferential grooves disposed between a
head portion and an end portion; a thrust piston in abut-
ting engagement with said control plston end portion for
constantly urging said control piston in one direction;
pressure intensifying means including a reciprocable high
pressure piston and a low pressure piston integral there-
with; a fluid supply inlet; a drain outlet; first conduit
means establishing communication between said distrib-
uting sleeve and said fluid supply inlet and for supplying
fluid to said control piston head portion through said
pressure intensifying means, said high pressure piston act-
lng as a valve whereby when said high pressure piston
is in one position fluid is supplied to said control plston
head portion and when said high pressure piston is in its
opposite position said control piston head. portion is con-
nected to drain; second conduit means establishing com-
munication between said distributing sleeve and said low
pressure piston whereby said low pressure piston is alter-
nately connected to said fluid supply when said control
piston is in one position and to drain when said control
piston is in its opp031te posxtlon and third conduit means
establishing communication between said control piston
head portion and an adjacent circumferential groove and
drain when said control piston is approaching one posx-
tion, said control piston head portlon bemg formed such
that only a portion of said control piston is exposed when
in one extreme position whereby when fluid is supplied
to said control piston head portion said control pxston
snaps to its opposite position and when said head portion
is connected to drain said control piston snaps to its
opposite position to alternately reverse said high pressure
piston.

11. In a fluid pressure intensifying device the com-
bination comprising: a distributing sleeve closed at both
ends; a control piston reciprocally mounted in said sleeve
and having circumferential grooves disposed between a
head portion and an end portion; a thrust piston m
abutting engagement with said control plston end portion
for constantly urging said control piston in one direction;
pressure intensifying means including a reciprocable
high pressure piston and a low pressure piston integral
therewith; a fluid supply inlet; a drain outlet; first conduit
means establishing communication between said dis-
tributing sleeve and said fluid supply inlet and for supply-
ing fluid to said control piston head portion through said
pressure intensifying means, said high pressure pistoi’i
actmg as a valve Whereby when said high pressure piston
is in one position flnid is supplied to said control piston
head portion and thereafter trapped to cause said control
piston to move to and remain in its opposite position
until said high pressure piston substantially reaches its
opposite position whereupon said trapped fluid is con-
nected to drain thereby allowing said thrust piston to
cause said control piston to return to its original position,
second conduit means establishing commumcanon
between said distributing sleeve and said fow pressure
piston whereby said low pressure plStOl’l is alternately
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connected to said fluid supply when said control piston
is in one position and to drain when said control piston
is in its oppesite position; and third conduit means estab-
lishing communication between said control piston head
portion and an adjacent circumferential groove and drain
when said control piston is approaching one position,
said control piston head portion being formed such that
a lesser area is exposed when said control piston head
portion is connected to drain whereby when fluid is
supplied to said control piston head portion said control
piston snaps to its opposite position and when said head
portion is connected to drain said control piston snaps to
its opposite position to alternately reverse said high
pressure pistons.

12, In a fluid pressure intensifying device the com-
bination comprising: a distributing sleeve closed at both
ends; a confrol piston reciprocally mounted in said sleeve
and having circumferential grooves disposed between a
head portion and an end portion; a thrust piston in
abutting engagement with said control piston end por-
tion for constantly urging said control piston in one
direction; pressure intensifying means including a low
pressure piston disposed between and integral with first
and second reciprocable high pressure pistons; a fluid
supply inlet; a drain outlet; first conduit means estab-
lishing communication between said distributing sleeve

and said fluid supply inlet and for supplying fluid to said .

control piston head portion through said pressure intensi-
fying means, said high pressure pistons acting as a valve
whereby when one of said high pressure pistons is in one
position fluid is supplied to said control piston head
portion and thereafter trapped to cause said control piston
to move to and remain in its opposite position and when
said other high pressure piston substantially reaches its
opposite position said trapped fluid is connected to drain
thereby allowing said thrust piston to cause said control
piston to return to its original position; second conduit
means establishing communication between said distribut-
ing sleeve and said low pressure piston whereby each
exposed surface of said low pressure piston is alternately
connected to said fluid supply when said control piston
is in one position and to drain when said control piston
is in its opposite position; and third conduit means estab-
lishing communication between said control piston head
portion and the adjacent circumferential groove and drain
when said control piston is approaching one position, said
control piston head portion being formed such that a
lesser area is exposed when said control piston head por-
tion is connected to drain whereby when fluid is supplied
to said control piston head portion said control piston
snaps to its opposite position and when said head portion
is connected to drain said coatrol piston snaps to its
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opposite position to alternately reverse said high pressure
pistons. )

13. In a fluid pressure intensifying device the com-
bination comprising: a distributing sleeve closed at both
ends; a control piston reciprocally mounted in said sleeve
and having circumferential grooves disposed between a
head portion and an end portion; a thrust piston in
abutting engagement with said control piston end portion
for constantly urging said control piston in one direction;
pressure intensifying means including first and second
reciprocable high pressure pistons and a low . pressure
piston having exposed surfaces and disposed between said
first and second high pressure pistons and integral there-
with; a fluid supply inlet; a drain outlet; first conduit
means establishing communication between said distribut-
ing sleeve and said fluid supply inlet and for supplying
fluid to said control piston head portion through said
pressure intensifying means, said first high pressure piston
acting as an inlet valve whereby when it is in one position
fluid is supplied to said control piston head portion and
thereafter trapped to cause said control piston to move
to and remain in its opposite position, said second high
pressure piston acting as an outlet valve whereby when
it substantially reaches its opposite position said trapped
fluid is connected to drain thereby allowing said thrust
piston to cause said control piston to return to its orig-
inal position; second conduit means establishing com-
munication between said distributing sleeve and said low
pressure piston whereby each exposed surface of said low
pressure piston is alternately connected to said fluid
supply when said control piston is in one position and
to drain when said control piston is in its opposite posi-
tion; and third conduit means establishing communica-
tion between said control piston head portion and the
adjacent circumferential groove. and- drain when said
control piston is approaching one position and being
closed when said control piston is in its opposite position,
said control piston head portion being formed such that
a lesser area is exposed when said control piston head
portion is connected to drain whereby when fluid is
supplied to said control piston head portion said control
piston snaps to its opposite position and when said head
portion is connected to drain said control piston snaps
to its opposite position to alternately reverse said high
pressure pistons.
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