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This invention relates to a novel arrangement of an 
intensifier assembly for delivering a continuous and steady 
flow of a fluid to a high pressure area and to a method 
and includes the employment of differential pressure 
establishing systems which, in combination with the estab 
lishment of a plurality of pressure, levels, permits maxi 
mum utilization of energy supplied in the form of fluid 
pressure and flow. The invention as defined in the 
specification and claimed is an improvement with respect 
to commercially available intensifier systems for intro 
ducing a fluid under high pressure to an area where 
such high pressures are required. 

Heretofore, high pressure fluid delivery systems of the 
type. with which this invention is concerned (to be re 
ferred to herein simply as intensifiers) have included in 
combination either single or double acting enclosed in 
tensifier units with enclosed low and high pressure piston 
faces and conduit connections for supplying hydraulic 
or essentially non-compressible fluids to the low pressure 
piston faces of the intensifiers. In intensifiers of this 
type, the delivery pressure from the high pressure piston 
faces (also called the discharge pressure) is related to 
the hydraulic pressure by the build-in area ratios of the 
high pressure piston face and low pressure piston faces. 
In prior art intensifiers, as well as those commercially 
available, the available energy supplied by means of a 
pump, for example, in the form of a hydraulic fluid pres 
sure, the energy was inefficiently utilized with respect 
to the low pumping capacity range of these systems 
(usually 1 to 40 gallons per hour on the process side). 
Thus, in systems of this nature, a fixed capacity pump 
was usually used with various valve arrangements pro 
viding for the by-pass or diversion of excess energy not 
required for the intensifier operation, the energy being 
by-passed to a reservoir or sump with a consequence 
that all this energy was lost. Moreover, in the prior 
art, where a plurality of intensifiers was employed, in 
order to operate in a "pipless" fashion, usually each 
double acting intensifier required a fixed capacity pump, 
or where single acting intensifiers were arranged in series, 
a plurality of fixed capacity pumps was likewise required 
for service with respect to operation in "pipless' fashion 
with the consequence that the inefficiency with respect 
to use of hydraulic energy was enhanced. To operate, 
therefore, in the "pipless” fashion or without flow fluctu 
ations, it was necessary to employ at least four high 
pressure piston faces operating in sequence for deliver 
ing a substantially continuous discharge fluid to a high 
pressure area. 

It is an object of this invention to provide a method 
for operation of an intensifier assembly whereby maxi 
mum use of energy available is made, such energy being supplied by a pump system. 

It is a further object of this invention to provide an 
intensifier system employing a minimum of high pressure 
piston faces which are capable of maintaining a con 
tinuous and uninterrupted flow of fluid to a high pressure 
aca. 

It is a still further object of this invention to provide 
a novel arrangement of flow diverting valves in combina 
tion with a novel arrangement of pressure differential 
regulation means for maximum utilization of energy as 
supplied by a single hydraulic fluid delivery system. 
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It is yet another object of this invention to provide 

two single acting intensifier units which operate in se 
quence in discharge, suction and recompression strokes 
and by means of a novel method of establishing a plural 
ity of pressure levels, is capable of maximum utilization 
of energy as supplied by the single pump system. 
The objects hereinabove stated are provided by an 

improvement in an intensifier and a method compris 
ing providing at least two single acting intensifier units 
having low and high pressure piston faces, a high pres 
sure manifold and conduit connections from each of 
said high pressure piston faces to the high pressure 
manifold, conduit connections for supplying a fluid to 
said high pressure piston faces and conduit connections 
for supplying a hydraulic fluid to said low pressure piston 
faces, said improvement comprising a novel arrangement 
of means for establishing a plurality of hydraulic fluid 
pressure levels for use in operating said intensifier units in 
sequence in discharge, suction and recompression strokes. 
In this arrangement, a first differential pressure regulat 
ing means, is provided across an orifice in said hydraulic 
fluid conduit to establish a fixed differential pressure 
across said orifice and a pressure Pi downstream thereof, 
means are further provided for diverting said P. pressure 
supply to the discharge stroke of one of said intensifiers 
and means for by-passing excess hydraulic fluid from 
said first differential pressure regulating means and for 
establishing a second pressure level P. below said first 
P level. A second differential pressure regulating means 
in association with said first means for maintaining said 
P. pressure level below said P. level is provided, and 
means for diverting said P. pressure level to the recom 
pression stroke of one of said intensifiers. Finally, a 
by-pass means in association with said second differential 
pressure regulating means is provided to establish a third 
pressure level Pa and means for diverting said Pa pressure 
level to the suction stroke of one of said intensifier units. 
The method of this invention in general therefore 

comprises the actuation continuously and in sequence 
of at least two single acting intensifier units by the estab 
lishment and maintenance of three distinct fluid pressure 
levels for operation of said units, said sequence for each 
of said units comprising discharge, suction and recom 
pression steps and the method of operation involving 
the diversion of a first pressure level to the discharge 
step of one of said units, the diversion of a second pres 
sure level to the recompression step of the other of said 
units and finally, the diversion of the third pressure level 
to aid, in the suction stroke of one of said units, the 
three fluid pressure levels being derived from a single 
supply or pumping source. 

In order to explain the function of the various pressure 
levels with more clarity, reference is made to FIGURE 1. 
of the attached drawing where Po indicates the process 
pressure delivery supply; P1 indicates the hydraulic proc 
ess pressure supply (also referred to as reference pressure 
or pilot reference pressure P1, or delivery pressure P); 
Pa indicates the hydaulic recompression pressure supply; 
Ps indicates the hydraulic suction stroke pressure supply 
and P4 indicates the reservoir or sump pressure supply. 
The Po process pressure is, as will be understood, the 
pressure at which a fluid such as a liquid containing an 
initiator is delivered to a high pressure system such as 
an ethylene polymerization reaction at high pressures. 
The remainder of the pressure levels, P1 through PA and 
their function, will be explained in more detail hereinafter. 

Briefly, the intensifier assembly system of this inven 
tion includes two single acting enclosed intensifiers hav 
ing enclosed cylindrical high and low pressure piston faces 
of simall and large diameter respectively with various 
conduits or pipes for supplying process and hydraulic 
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fluid to the system and the combination of a first differen 
tial pressure regulating valve placed across a flow con 
trol valve and serving to establish a fixed differential 
pressure across said flow control valve and to maintain a 
first pressure level P which is used to drive the low 
pressure piston faces of the units. A by-pass conduit is 
provided with the first differential pressure regulating 
valve to divert excess flow from the hydraulic pump and 
this excess flow is used to establish the P2 pressure level 
which is always below the P1 pressure level by at least 
the force of a spring constant in the second pressure 
differential regulating valve. The second differential 
pressure regulating valve also has conduit connections 
to the first valve and serves to limit the P pressure level 
by the spring force constant in this valve and is further 
provided with a by-pass conduit to divert flow from the 
P level to the P level. A pressure relief valve is utilized 
in association with this second differential pressure regu 
lating valve to limit the maximum value of the P level 
and a bypass conduit is provided with said relief valve 
to divert any momentary excess flow (in excess of the P3 
level) to a reservoir. 
The attached drawings, FIGURES 1 and 2, which form 

part of this invention, are representative preferred ar 
rangements of the novel combination of intensifier assem 
blies (FIGURE 1) and electrical circuitry in association 
with said assemblies (FIGURE 2). 
As briefly alluded to hereinabove, the intensifiers of 

this invention are useful for delivering a high pressure 
process fluid to a polymerization reaction typically illus 
trated by a high pressure ethylene polymerization reaction. 
In ethylene polymerizations, for example, either gases or 
liquids can be utilized at pressures ranging from 15,000 
up to 60,000 p.s. i. It is obvious that to be able to de 
liver a process fluid to a reactor at these high pressures, 
intensifiers of the type herein are required and in addi 
tion to this, it is usually a prerequisite that any fluid being 
delivered to a reactor at high pressures, be delivered con 
tinuously and without pressure or flow fluctuations. The 
intensifiers of this invention are capable of operation in 
this manner, even though they have use for other high 
pressure operations. Reference will be made to the de 
livery of a liquid from the discharge stroke of the high 
pressure piston faces in this preferred embodiment of the 
invention, while the essentially non-compressible fluid de 
livered to the low pressure piston faces will be merely 
referred to as a hydraulic oil or just an oil. 
By virtue of being able to utilize the maximum of the 

energy available from the pump which provides the hy 
draulic fluid to the low pressure piston faces, it is like 
wise understood that the capacity for delivering process 
fluid at the Po level is likewise enhanced as will be under 
stood from the fact that the volume of hydraulic fluid 
being circulated at the P level by the hydraulic pump is 
proportional to the volume of fluid delivered from the 
high pressure piston faces in the same manner that the 
intensification ratio of hydraulic fluid versus discharge 
process fluid is determined. 

Briefly, with respect to FIGURE 1, numeral indicates 
a Sump tank or reservoir for maintenance of the hydraulic 
fluid (oil). Conduit 2 is used to take up the hydraulic 
fluid which passes through a strainer 3 (filter) and then 
to hydraulic pump 4 which can be a pump of essentially 
fixed capacity output used to supply the necessary energy 
for the low pressure piston faces of the intensifiers and 
also to provide the other pressure levels P2 and P as will 
be described hereinbelow. Item 6 leading from line 5 is 
a rupture disc for safe operation of the system and to 
prevent damage to the pump, said rupture disc being 
operable to divert flow from the hydraulic pump to the 
Sump via conduit or line 6a. Immediately downstream 
of the hydraulic pump 4, a second filter 7 can be placed 
in the conduit to make sure that the hydraulic fluid con 
tains no extraneous particles which could damage the 
various high pressure hydraulic valves, etc. employed in 
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4. 
the system. Hydraulic fluid is delivered via conduit 8 to 
the intensifier low pressure piston faces as will be de 
scribed herein. Line 9 is connected to a relief valve 10 
which is set at a certain maximum pressure. When the 
pressure of the relief valve is exceeded, hydraulic fluid 
will be diverted to the sump via line 11 to line 12 through 
heat exchanger 13 to the sump. On conduit 8 is placed 
flow control valve 4. Flow control valve is of the vari 
able orifice type and is used to control the amount of 
hydraulic fluid passing therethrough which is required for 
the particular quantity of high pressure fluid being de 
livered from the high pressure piston faces. A conduit 
15 upstream of flow control valve 14 leads to the first 
differential pressure control valve 16 which is an enclosed 
valve containing inlet and outlet ports. A by-pass cons 
duit 7 is provided with this valve (may be placed in 
ternally or externally as shown) for its operation as will 
also be described hereinafter. Spool 19 located within 
valve 16 is a dynamically operated piston which controls 
the flow through the valve (see for example, U.S. Patent 
3,077,838 illustrating a typical spool and spring valve 
within a chamber). The position of the spool with re 
spect to inlet and outlet ports 7a and 17b respectively 
is determined by the dynamic location of the spool with 
reference to the various forces acting upon it. These 
forces which are exerted on the spool are those from the 
fluid in conduit 17 and those from the fluid in conduit 32 
plus a constant force such as the constant spring force of 
Spring 18. A by-pass conduit 20 leads from differential 
pressure regulator valve 6 to a check valve 2 and thence 
to a second enclosed differential pressure regulating 
valve 22. Differential pressure regulating valve 22 is simi 
lar to valve 6, but operates in reverse of valve 16. Thus, 
whereas port 7a of valve 6 is normally closed in the 
absence of forces acting on it, it will open when its estab 
lished gifferential pressure is exceeded (the exceeding 
force being the fluid pressure from lines 8 and 17). 
Valve 22 is normally open via its port 23a in the absence 
of forces acting on it, but will close when its differential 
pressure is exceeded (the exceeding force being the fluid 
pressure from lines 31 and 34). As indicated, differential 
pressure regulating valve 22 is provided with inlet port 
23a and outlet port 23b. These ports (similarly to ports 
17a and 17b of valve 16) control the flow into and out of 
valve 22. Fluid pressure from lines 17 and 23, as well as 
lines 32 and 34 serve to create the necessary pressures 
for dynamic pressure balance of spool valves 19 and 25 
of valves 16 and 22, while spring 24 of valve 22 is of 
equivalent function to spring 8 of valve 16. The novel 
arrangement of these valves is disclosed and claimed in 
copending application Serial Number 375,157, filed June 
15, 1964, and assigned to the assignee of the instant 
invention. 
The operation of these valves 6 and 22 is such that 

they utilize pressure level P1 as a reference pilot pressure 
Which controls an upstream pressure level in conduits 17 
and 23 respectively via the spool valves 9 and 25 move 
ment. This relative upstream fluid pressure in conduits 
7 and 23 Serves also as a secondary pilot pressure and 

is regulated by the effective loading of the springs 18 and 
24. In valve 16, the spring 28 force per unit area is 
added to the pressure P1 and this must equal the upstream 
pressure of line 8. The fixed differential pressure main 
tained across the flow control valve 4 is at least therefore 
the value of Spring force per unit area. If the pressure in 
line 8 exceeds this established differential pressure, spool 
19 moves to the open position, thus diverting more flow 
through inlet port 7a and outlet port 17b until the dynam 
ic balance between pressures of lines 8 and 30 is ob 
tained. If the pressure in line 8 should drop below the 
established differential pressure, the spool piece 9 moves 
in the closing direction, thereby reducing the by-pass flow 
and increasing the line 8 pressure level until a dynamic 
balance is again established between pressures in lines 8 
and 30. This occurs irrespective of whatever pressure 
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changes may occur in line 30. In valve 22 the pressure 
in line 34 (considered a pilot reference pressure) minus 

: the springs 24 force per unit area establishes the maxi 
mum value of the upstream operating pressure. in op 
Ieration, as indicated above, this valve functions in reverse 
- of valve i6 so that when the fluid-pressure in line 23 plus 
Ethe spring 24 pressure exceeds the P1 pressure level, the 
valve will open and by-pass fluid through ports 23a and 
23b to line 26. Where the fluid pressure in line:23, plus 
: the spring 24 pressure is less than the P1 pressure, the 
valve-will close. A pressure-level is thus established be 
tween S valves: 16, and 22 in line 36 referred to herein as 
the Pa level and this P2 level establishes the pilot operat 
ing pressure in line. 23. The P2 pressure level can never 
exceed the P1 pressure level and it will always be beiow 
that level by at least the amount of pressure exerted by 
the spring 24 force per unit area. The operation of these 
two valves to establish the pressure level in lines 8 and 
515 and the pressure level P. and the use of these pressure 
levels to control flow across valve 14 for recompression. 
will be described with references to the various 2-, 3-, and 
4-way solenoid operated valves below. Solenoid op 
erated valves 3 and 4 are typical reversing valves known 
in the art. Between differential pressure regulating valves 
16 and 22 in line. 20 there is located a check valve 2. 
which functions to prevent the valve 22 from slamming 
closed when the pressure drops rapidly in lines: 20 and 
'36 in response to operation of the 3-way solenoid valve. 

. In the above scheme of operation, conduit 26 leads di 
rectly to the suction stroke of either of the intensifier as 
semblies through conduit 27 or to relief valve 28 which 
is set to dump at a certain pressure and thence to line'29, 
discharge line 2 and the Sump. 
As noted from the above description, line 31 which 

"serves as the pilot reference pressure with respect to 
valves 16 and 22 is connected to valve 16 through line 32 
and constriction 33 and also to line 34 and constric 
tion 35 leading to the second differential pressure regu 
lating valve 22. In between the two differential pressure 
valves, a conduit 36 is provided for diverting fluid at 
the P2 pressure level to a 3-way solenoid valve, as in 
'dicated hereinabove. Fluids from flow control valve 
14 is taken directly to the intensifier assemblies via line 
'37, 4-way solenoid::valve 38, line 39 and a first single 
acting: intensifiers assembly designated at 40. The inten 
sifier assemblies 40 and 47 are typical enclosed single 
acting units containing with : respect to 49, a low pres 
sure chamber 41, low pressure piston face 42, low pres 
sure chamber 43 and the piston face area enclosed in 
this chamber, and high pressure piston face 44, as Well 
as high pressure chamber 45. The 4-way solenoid valve 
38; provides conduit connections 46 to the second inten 
sifier unit:47, having. equivalent enclosed chambers and 

: equivalent low and high pressure piston faces, and areas 
48,49, 50, 51 and 52. It will be noted that the piston 
faces in enclosed; chambers 43 and 50 are of smaller 
surface area than those of 42 and 49 by the amount 
of the area of faces' 44 and 51. Discharge ports from 
the low pressure chambers 43 and 50 are located at 
53 and 54 respectively, said chambers connecting with 
conduitlines 55 and 56 and then with conduit or line 27 
leading back to the sump. Fluids from the P3 pressure 
level in either chamber is rediverted through these ports 
and conduits to the other chamber during the discharge 
and suction strokes of the units respectively. For con 
venience, intensifier units 40 and 47 will be referred to 
hereinafter as Drive A and Drive B respectively. Drive 
A is provided with piston rod '67 and Drive B with 
piston rod-68 with projections indicated generally at 67a 
and 68b for contacting the microswitches indicated in 
the drawing as MA-2, 3 and 4 and MB-2, 3 and 4. 
In Drive A operation, rod 67 contacts microswitch MA-3 
at the end of the suction stroke, MA-4 at the end of the 
discharge stroke and if MA-4 should fail, it activates 
MA-2 which diverts flow of hydraulic fluid in a direction 
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just beginning its suction stroke. 
is ported as indicated in-FIGURE:1 leading back to the 
Sump or reservoir. The solenoid of this 3-way valve was 

;6 
to be indicated hereinafter to prevent damage to the 
units. Similarly in Drive B operation rod 68 activates 
microswitches MB-3, 4 and 2 upon failure of MB-4. 

In FIGURE.1, numeral 69 represents a 3-way solenoid 
valve with conduit means 70 leading to the sump. Unit 
71 is a third solenoid operated valve except that in 
this case it is a 2-way valves and is connected to conduit 
34 via conduits 72 and 73 to the sump. 
The Suction liquid for the high-pressure piston faces 

is supplied throughline:57 to either intensifiers assembly 
through conduits 58: and 59 and check valves. 60, and 61. 
Check valves 62; and 63 are provided for. delivery of 
high pressure fluid throughlines 64; and 653 and thence 
to high pressure manifold:66. 

All of the foregoing units are standard commercial 
items available on the market, for example, the 4-3- and 
2-way. Solenoid operated: valves, the flow a control valve, 
the relief and rupture valves, as well as differential pres 
Sure regulating valve 16. Differential pressure regulating 
valve 22 is a modification of valve. 16 in that it is placed 
in this operation to function: in reverse fashion with: re 
spect to valve 16, as will be understood by those skilled 
in the art. It is not necessary that': the arrangement of 
these valves, be as "illustrated, since: alternative methods 
and units for accomplishing the same 'purpose will be 
referred to at the end of this specification. 
FIGURE 2, the operation of which will be described 

in more detail, relates to the electrical circuitry and 
is suitably illustrated in the "drawing. In the drawing, 
the symbol 'M' is used generally to designate a micro 

... Switch; A or B: when used in: conjunction with M. desig 
nate. Drive A or Drive:Bi respectively, while the letter 
R" designates generally a relay. : SOL in the drawing in 
dicates a solenoid and ther numerals 2, 3, and 4 designate 
the solenoids of the units 38, 69.5 and 71 respectively 
of FiGURE 1. The letters TD designate a time delay 
arrangement provided herein, while the numerals asso 
ciated with the M.A. and MB microswitches indicate: 
2,3-hydraulic deactivation; 3...end of suction stroke and 
;4, end of discharge stroke respectively and as further 
illustrated in FIGURE 1 of the drawing. A typical 
power supply is a 110 volt, 60s cycle connection. 

In operation, starting with Erives: A and B: as indicated 
in the drawing, Drive: A is shown as recompressed and 

I just beginning its discharge stroke. Solenoid- valve of 
- 4-way reversing valve 38 (a suitable 4-way svalve is 
*illustrated in U.S. Patents 2,819,835 and 3,077,838; how 
ever, as indicated hereinabove, solenoids valves: whether 
4-, 3- or 2-way are standard; in the art) is ported as 
indicated by the arrows in the drawing. The solenoid at 
this point was reactivated by virtue of piston, rod r (67 
through projection I-67a, having activated microswitch 
MA-3. Drive; B is at the end of its discharge, stroke, and 

Solenoid valve :69 

deactivated in view of the fact that piston rod 68 
through projection 68b has just activated microSwitch 
MB-4. Two-way solenoid valve 71 is -a normally, open 
valve as shown in FIGURE.1 and is activated during, the 
operation of the pump. This valve is opened or deactivat 
ed only on the occurrence of a smalfunction by activation 
of MA-2 or MB-2 microswitches, or, turning off the con 
trol circuit power supply. 

Under the above conditions, a controlled -hydraulic 
oil flow provided by pump 4 is passing through flow con 
trol valve 14 and being routed to low pressure, compres 
ision chamber 41 of Drive. A via the 4-way, solenoid valve 
38. The energy being diverted through the 4-way sole 
noid valve 38 is only a fraction, for example from 5 to 
80% of the total energy available lands which is supplied 
from hydraulic pump 4. The excess. oil flow-capacity is 
diverted through line 15 and differential pressure reg 
ulating valve 6. Since the 3-way... solenoid valve 69 is 
closed as indicated in the drawing by the arrow, the pres 
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sure in conduit 36 builds up to a pressure P just below 
the P or delivery pressure maintained downstream of 
flow control valve 14. As indicated before, the pressure 
build-up in conduit 36 is controlled by differential pres 
sure regulator 22. Once the pressure in line 36 has 
reached a maximum called its controlled pressure or P2 
below the pressure P, the excess flow is diverted through 
valve 22 (by virtue of the pressure in line 23 plus the 
spring force pressure 24 exceeding the P1 pressure level 
in line 34, thereby moving spool 25 to discharge), to 
conduit 26 to a third pressure level P., also called the 
suction stroke pressure level which can be just above 
the sump or reservoir pressure as determined by the set 
ting of relief valve 28. When the above occurs, the avail 
able flow capacity through valve 22 combined with an 
equivalent capacity through valve 14 and chamber 43 
being delivered to chamber 50 forces Drive B to com 
plete its suction stroke. It should be understood that 
while Drive A is undergoing its discharge stroke, the 
fluid in chamber 43 is being diverted through port 53 and 
conduits 55 and 56 to port 54 and chamber 50 to aid in 
the suction stroke. This arrangement of flow diversion 
from the P1 pressure level means that the hydraulic Drive 
B is returned at the maximum rate of the volume output 
of the hydraulic pump. It further means that the speed 
of the piston during the suction stroke is controlled and 
does not exceed a linear velocity that would reduce pack 
ing life. 

With Drive B having completed its suction stroke, it 
activates microswitch MB-3 through contact of projec 
tion 68b and this in turn activates or energizes the 3-way 
solenoid valve 69 and diverts the P2 pressure supply to 
Drive B for recompression. The P2 pressure level mo 
mentarily drops to the P3 level and closes off port 23a 
via spool 25 movement and then gradually builds up 
to the P pressure control level at which time Drive B 
has completed its recompression motion and idles until 
Drive A has completed its discharge stroke. As indicated 
above, this is accomplished by differential control valve 
22 closing when the P2 pressure level has dropped below 
its control point. Check valve 2 placed on inlet port 
23a of valve 22 prevents damage to the spring and spool 
piece when the pressure decreases rapidly as heretofore 
mentioned. During the idling period of the recompres 
sion stroke and due to the increase of the P2 pressure 
level, valve 22 is again forced to open due to the move 
ment of the spool and momentarily during this period 
the excess oil is diverted to the P level and since at this 
time neither hydraulic Drive A or B is undergoing a 
suction stroke, the oil is vented through relief valve 28 
to the Sump. 
On the completion of the discharge stroke of Drive A, 

microswitch MA-4 is activated by contact with projec 
tion 67a and this in turn energizes the solenoid cf the 
4-way valve 38, while essentially at the same time the 
solenoid of 3-way valve 69 is deactivated diverting the 
Drive A fluid back to the Sump. To accomplish the 
correct timing so that the 4-way valve 38 has reversed 
before the 3-way valve has reversed, it is necessary to 
incorporate an electric time delay as illustrated in FIG 
URE. 2. Upon this reversal occurring, the sequence is 
repeated as before, except that nomenclature of Drives 
A and B are reversed and the 4-way valve 38 is to be 
deactivated instead of activated. 

Referring now to FIGURE 2 and the operation of the 
Various microSwitches in connection with the charge and 
discharge strokes of Drives A and B, the reference start 
ing point for the cycle selected for description is the 
same as the sequence described above for operation of 
the intensifier units 40 and 47. 

In this sequence the power supply switch is closed and 
the solenoid of 2-way valve 71 is activated by pressing 
the re-set button. All of the microSwitches are in the 
normally open or closed position as indicated on the 
drawing. All of the relays R4, R3 and R2 are of the 
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normally open contacts. In this sequence, holding relay 
RC and relay RTD are activated and therefore the con 
tacts are closed. Upon closing the contacts, power is 
provided to contact of relay R3, this relay thus being 
de-energized. Under this condition, hydraulic flow of 
the delivery pressure level (P) is being diverted to Drive 
A as shown in FIGURE 1 and the oil in chamber 48 of 
Drive B is being diverted to the Sump. On the com 
pletion of the suction stroke of Drive B, microswitch 
MB-3 is activated and will therefore supply power to 
relay R3, thus reversing 3-way Solenoid valve 69 and 
diverting the recompression pressure level P. to Drive B. 
The next microSwitch to be activated will be MA-4 

upon completion of the discharge stroke of Drive A and 
this, in turn, will activate relay R4 holding coil and, in 
turn, activates Solenoid 4 of 4-way valve 38 and thus 
reverses the oil flow of Drives A and B. At the same 
time, it will momentarily break the normally closed con 
tact of microswitch MA-4, open relay RC, which in turn 
deactivates holding relay R3 via the time delay device. 
The time delay device is a standard item normally used 
in the art (it is equivalent to an electrical surge tank) and 
comprises a series of capacitors and resistors which func 
tion to delay the response of relay R3 holding coil, which 
thereby allows Solenoid valve 38 to completely reverse 
prior to reversal of Solenoid valve 69 as indicated before. 
This arrangement therefore avoids the possibility of vent 
ing the recompression P2 level to the reservoir prema 
turely. 

After the deactivation of the relay R3 via the time 
delay device, Drive A continues its suction stroke until 
it activates microswitch MA-3. This again energizes hold 
ing relay R3 and activates the solenoid of 3-way valve 69 
to start the recompression stroke of Drive A. The elec 
trical System stays in this combination until Drive B com 
pletes its discharge and activates microswitch MB-3. 
When this occurs, it deactivates holding relay R4 which 
reverses the 4-way valve of solenoid valve 38, thus starting 
the Same Sequence over again. 
Although the above describes a preferred arrangement 

and embodiment of the various differential pressure con 
trol valves, as well as the solenoids, there are certain 
modifications which can be incorporated and substitutions 
made for the individual units, which modifications and 
Substitutions are not a departure from the principle of 
this invention. In this connection, reference is made to 
the following alternate embodiments or modifications to 
this system. 

In one modification, instead of the differential pressure 
regulating valve 22 functioning in reverse fashion with 
respect to valve 6, it could be arranged to function in 
identical manner as 16 (or a pilot operated relief valve 
could be Substituted in its place), but in this case a dif 
ferent pilot reference pressure would be used which could 
be established in the following manner: a side steam of 
regulated flow from line 8 located upstream of flow con 
trol valve 14 would be provided to lead through a pres 
Sure reducing regulator, the outlet pressure of which 
Would be the pilot reference pressure, to the second men 
tioned valve similar to valve 16. This would mean that 
the regulated downstream pressure of the reducing valve 
would always be a fixed value below the upstream P. 
value. The flow regulation through the pressure reducing 
regulator would then be controlled by a downstream con 
striction (a micro flow regulator). 

Also instead of operation with a flow control system as 
illustrated in FIGURE 1, a pressure control system could 
be adapted to function under the broad scope of the 
method described herein by changing flow control valve 
i4 to a pressure controlled valve. A further alternative 
would be to disconnect line 31 from 30 and connect it to 
an automatically controlled pilot pressure regulator by 
tapping or withdrawing a side stream from line 8 similarly 
achieved as in the above paragraph. Under this condi 



3,234,882 

tion valve 4 would be removed or left in the normally 
open flow position. 
A still further modification with respect to the preferred 

method of operation herein includes the provision of a 
constriction in line 36 to offer stifficient resistance to line 
36 flow so that any instantaneous overshoot of valve 22 
would not be sensed by the drive undergoing recompres 
SO 

Other modifications can be made which will not depart 
from the spirit and scope of the invention and the ap 
pended claims. 
What is claimed is: 
1. In an intensifier assembly system comprising at least 

two single acting intensifier units having low and high 
pressure, piston faces, a high pressure manifold and con 
duit connections from each of said high pressure piston 
faces to the high pressure manifold, conduit connections 
for supplying a fluid to said high pressure piston faces and 
conduit connections for supplying a hydraulic fluid to said 
low pressure piston faces, the improvement comprising 
a novel arrangement of means for establishing a plurality 
of hydraulic fluid pressure levels for use in operating said 
intensifier units in sequence in discharge, suction and re 
compression strokes, said improvement comprising the 
combination of means for establishing a first hydraulic 
fluid pressure level P1 upstream of said intensifier units 
and a conduit for delivery of said P1 fuid pressure level to 
the discharge stroke of one of Said intensifiers, a conduit 
for by-passing hydraulic fluid in excess of that required 
for said P. fluid pressure level to a second fluid pressure 
level P2, a valve in association with a fixed force constant 
for maintaining said P. fluid pressure level below said P1 
fluid pressure level by at least the fixed force constant of 
said valve, a conduit in association therewith for delivery 
of said P. fluid pressure level to the recompression stroke 
of the other of said intensifier units and a by-pass conduit 
in association with said valve for by-passing fluid in excess 
of that required for the P3 fluid pressure level to a third 
fluid pressure level P. 

2. In an intensifier assembly system comprising at least 
two single acting intensifier units having low and high 
pressure piston faces, a high pressure manifold and con 
duit connections from each of said high pressure piston 
faces to the high pressure manifold, conduit connections 
for supplying a fluid to said high pressure piston faces and 
conduit connections for Supplying a hydraulic fuid to said 
low pressure piston faces, the improvement comprising 
a novel arrangement of differential pressure regulating 
means to operate said units in sequence in discharge, suc 
tion and recompression strokes, said improvement corn 
prising a first differential pressure regulating means across 
an orifice in said hydraulic fluid conduit to establish a fixed 
differential pressure across said orifice and a first fluid 
pressure level P1 downstream thereof, a by-pass conduit 
for by-passing hydraulic fluid in excess of the fluid pres 
sure level P1 to a second fluid pressure level P., a valve 
in association with a fixed force constant for maintaining 
said fluid pressure level P. below said P. fluid pressure 
level by at least the fixed force constant of said valve and 
a by-pass conduit in association with said valve for by 
passing hydraulic fluid in excess of that required for the 
P2 pressure level to a third fluid pressure level P. 

3. In an intensifier assembly system comprising at least 
two single acting intensifier units having low and high 
pressure piston faces, a high pressure manifold and con 
duit connections from each of said high pressure piston 
faces to the high pressure manifold, conduit connections 
for supplying a fluid to said high pressure piston faces and 
conduit connections for supplying a hydraulic fluid to 
said low pressure piston faces, the improvement com 
prising a novel arrangement of differential pressure regul 
lating means to operate said units in sequence in discharge, 
Suction and recompression strokes, said improvement 
comprising a first differential pressure regulating means 
for establishing a fixed differential pressure across a vari 
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able flow orifice on said hydraulic fluid conduit and for 
maintaining a first hydraulic fluid pressure level P. down 
stream of said orifice, conduit means for delivering said 
P. fluid pressure to the low pressure piston face of one of 
said intensifiers during the discharge stroke thereof, a by 
pass conduit in association with said first differential pres 
sure regulating means to divert fluid in excess of that re 
quired to maintain said P. fluid pressure level, said fluid 
being diverted to a second fluid pressure level P. below 
said first pressure level P1, a second differential pressure 
regulating means for maintaining said P. fluid pressure 
level below said P1 pressure level, conduit means for de 
livering said P. fluid pressure level to the recompression 
stroke of one of said intensifiers, a by-pass conduit in as 
sociation with said second differential pressure regulating 
means to divert fluid in excess of that required to maintain 
said P. fluid pressure level, said fluid being diverted to a 
third fluid pressure level P. and conduit means for deliver 
ing said Pa fluid pressure to the suction stroke of one of 
said intensifiers. 

4. The improvement in the intensifier assembly of claim 
3 wherein the first and second differential pressure regu 
lating means comprise a movable spool valve in an en 
closed chamber and a spring force constant, said first dif 
ferential pressure regulating means adapted to open and 
by-pass fluid to a by-pass conduit in association therewith 
and with said second differential pressure regulating means 
by movement of the spool valve when the pressure up 
stream thereof and the spring force constant exceed said 
first fluid pressure level P1, and said second differential 
pressure regulating means being adapted to open and by 
pass fluid to a by-pass conduit in association there.with 
by movement of the spool valve therein when the pressure 
level P. exceeds the spring force constant and the pressure 
from the by-pass conduit in association with said first 
pressure regulating means. 

5. The improvement in the intensifier assembly of 
claim 3 wherein the P3 fluid pressure level diverted to one 
of said intensifiers is rediverted by said intensifier to the 
suction stroke of the other intensifier through port and 
conduit means when said intensifier is undergoing its dis 
charge stroke. 

6. The improvement in the intensifier assembly of 
claim 3 wherein the sequence of delivering the hydraulic 
fluid pressure levels P1, P2 and P to the discharge, re 
compression and suction strokes of said intensifiers is con 
trolled by employment of 4- and 3-way solenoid operated 
reversing valves, said 4-way solenoid operated reversing 
valve adapted to divert the P1 pressure level to the dis 
charge stroke of one of said intensifiers and said 3-way 
solenoid operated reversing valve adapted to divert the 
P2 pressure level to the recompression stroke of the other 
of said intensifiers. 

7. The improvement in the intensifier assembly of 
claim 3 wherein a relief valve is employed in association 
with said second differential pressure regulating means to 
by-pass fluid in excess of the P3 fluid pressure level to a 
Ireservoir. 

8. The improvement in the intensifier assembly of 
claim 6 wherein a time delay means is adapted to reverse 
the 4-way solenoid operated valve prior to reversal of 
the 3-way solenoid operated valve during the reversal 
from discharge stroke to suction stroke of one of said 
intensifier units. 

9. In an intensifier assembly system comprising at 
least two single acting intensifier units having low and 
high pressure piston faces, a high pressure manifold and 
conduit connections from each of said high pressure piston 
faces to the high pressure manifold, conduit connections 
for Supplying a fluid to said high pressure piston faces 
and conduit connections for supplying a hydraulic fluid 
to said low pressure piston faces, the improvement com 
prising a novel arrangement of differential pressure regu 
lating means to operate said units in sequence in dis 
charge, suction and recompression strokes, said improve 
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ment comprising a first differential pressure regulating 
valve in association with a spring force constant upstream 
of said intensifiers for establishing a fixed differential 
pressure across a variable flow orifice in said hydraulic 
fluid conduit and a first fluid pressure level P1 downstream 
of said orifice, a by-pass conduit in association with said 
first valve for diverting fluid flow in excess of that required 
for said P. pressure level to a second fluid pressure level 
P2 maintained below said P. pressure level, a second dif 
ferential pressure regulating valve in association with a 
spring force constant and said by-pass conduit of said first 
valve, said second valve adapted to open to by-pass to a 
third fuid pressure level P. when said P2 pressure level 
is exceeded, a relief valve in association with said second 
valve, said relief valve adapted to open to by-pass fluid 
to a reservoir when the P. fluid pressure level is exceeded 
and 4- and 3-way solenoid operated reversing valves for 
delivering said P1 and P. fluid pressure levels to the dis 
charge and recompression strokes respectively of said 
intensifiers. 

10. The improvement in the intensifier assembly of 
claim 9 wherein the P2 pressure level is maintained below 
the P pressure level by at least the spring force constant 
of the second differential pressure regulating valve. 

1A. The improvement in the intensifier assembly of 
claim 9 wherein the said intensifier units are associated 
with ports and conduits for rediverting the hydraulic field 
from the P3 pressure level from one to the other during 
the discharge and suction strokes respectively. 

12. In a process for delivering a fluid at an elevated 
pressure to a high pressure process area wherein said 
fluid is discharged sequentially and continuously from two 
enclosed high pressure cylindrical surface areas of small 
diameter and wherein a non-compressible fluid is provided 
to drive two enclosed low pressure cylindrical surface 
areas of larger diameter in association with said high pres 
sure cylindrical surface areas, in a sequence comprising 
fluid discharge, suction and recompression steps for each 
of said low pressure cylindrical surface areas, the im 

5 

O 

5 

20 

30 

2 
provement which comprises maintaining a first non-com 
pressible fluid pressure level for delivery to the discharge 
step of one of said low pressure cylindrical surface areas, 
maintaining a second non-compressible fluid pressure 
level below said first fluid pressure level for delivery to 
the suction step of the other of said low pressure cylin 
drical surface areas and maintaining a third non-com 
pressible fluid pressure level for delivery to the recom 
pression step of one of said low pressure cylindrical Sur 
face areas. 

S3. The improvement in the process of claim 12 where 
in said first, second and third fluid pressure levels are de 
rived from a single fluid pressure delivery supply. 

14. The improvement in the process of claim 2 where 
in the non-compressible fluid from the third pressure 
level delivered to the suction step of one of said large 
cylindrical surface areas is rediverted to he suction step 
of the other of Said large cylindrical surface areas when 
the former is undergoing its discharge step. 

15. The process of claim 2 wherein the second fuid 
pressure level is maintained below the first fluid pressure 
level by a fixed force constant and wherein the delivery 
of the first and second fluid pressure levels to the discharge 
and recompression steps of said cylindrical surface areas 
is controlled by reversing the flow of the first fluid pres 
sure level from one surface area to the other in sequence 
during the discharge and recompression steps respectively 
and by delivering the flow of the second fluid pressure 
level to the cylindrical Surface area during its recompres 
sion step only. 
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