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ABSTRACT: A pressure multiplying apparatus for supplying, 
at a regulated pressure, a control ?uid in a closed system to 
control a device such as a hydraulically operated valve. The 
system is used to control either 1; automatic blowout control 
devices around a drilling well or 2; to use such control equip 
ment to control the pressure on the drill string used to drill the 
well. Such system includes a pump for supplying the control 
liquid to the valve being controlled at a pressure which is a 
constant factor greater than the pressure of the gas used to 
power the pump. Valve means are provided to bleed the pres 
sure of the control fluid proportionally to the lowering of the 
pressure of the power gas. This includes a differential piston 
exposed on one side to the pressure of the power air and on 
the other side to the pressure of the control ?uid from the 
pump, The two areas of the differential piston have approxi' 
mately the same ratio as the multiplying pressure factor of the 
pump. Means are further provided so that a constant drill pipe 
pressure can be maintained by using the pressure of the ?uid 
in the drill pipe to regulate the control ?uid. 
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CONTROL SYSTEM FOR HIGH PRESSURE CONTROL 
FLUID 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of copending ap 
plication S.N. 628,748, filed Apr. 5, I967, and now aban 
doned Billy V. Randall and Renic P. Vincent, inventors. 

SUMMARY OF THE INVENTION 

This invention relates to a system for supplying control ?uid 
under regulated pressure to a ?uid controlled device. It relates 
especially to a system utilizing a relatively low pressure driving 
?uid to operate a pump having an output control ?uid at a 
pressure much greater than that of the driving ?uid. It relates 
especially to control equipment for use in controlling back 
pressure on a well being drilled in the earth by the rotary 
drilling method or for maintaining a selected pressure on the 
?uid in the drill string used in drilling the well. 

BACKGROUND OF THE INVENTION 

When drilling oil and gas wells by the rotary drilling 
method, a bit is attached to the lower end of a string of hollow 
drill pipe and the bit obtains its rotation by rotation of the drill 
pipe at the surface. 

Drilling ?uid is circulated down the drill pipe, through the 
bit and up the annulus between the drill pipe and the borehole 
wall. The drilling ?uid is used primarily to remove cuttings 
made by the bit and also to lubricate and cool the bit. When a 
liquid is used as the drilling ?uid, the hydrostatic head of this 
liquid outside the drill pipe imposes a pressure on the forma 
tion which is highest at the bottom of the well. In some cases 
the drilling formation contains a gas, a liquid or a mixture of 
gas and liquid at a pressure greater than this hydrostatic head. 
When the bit reaches such a formation, the high pressure ?uid 
enters the well and ?ows toward the surface with the drilling 
?uid outside the drill pipe. The ?uid entering the well may be 
salt water, oil or natural gas. Oil and gas are almost always less 
dense than the circulated liquid drilling ?uid. If the circulated 
drilling ?uid has been weighted with the addition of suspended 
particles, as is usually the case, even salt water is less dense 
than such drilling ?uid. If these less dense ?uids dilute the 
heavier drilling ?uid, the hydrostatic pressure is reduced and 
still more ?uids enter the well bore from the formation. This 
process can continue until the well is ?owing out of control. 

In order to regain control of the well, a blowout preventer, 
which is a means of closing the upper end of the casing, may 
be closed. Normally, this means sealing the annular space 
between the drill pipe and the casing. The blowout preventer 
may be closed while a more highly weighted drilling ?uid is 
circulated down the drill pipe. In order to fill the annular 
space between the drill string and the well wall with this heavi 
er liquid, it is necessary to allow some ?ow from the well 
below the blowout preventers. It is customary to provide a 
choke valve on a line from the casing below the blowout 
preventer. Fluids can be bled off through this choke per 
mitting the more highly weighted drilling ?uid to be circulated 
up the well outside the drill pipe. The choke valve must hold 
back pressure on the top of the well to restrict ?ow of the high 
pressure formation ?uids into the well. 

Instead of using a choke valve, it has lately become desira 
ble in many cases to use automatic blowout control devices 
such as the “ABC“ valve sold by Regan Forge and Engineer 
ing Company, San Pedro, California, and described in their 
Bulletin ABC-366. Other hydraulically operated control 
valves can be used. In such valve, a control ?uid is required to 
be provided a the pressure at which it is desired to hold on the 
well. However, there is not ordinarily ?uid readily available at 
pressure that high at a drilling unit. However, there is nearly 
always air or gas available at a lower pressure, e.g., 100 p.s.i. 
There is a need for a pump means for supplying control ?uid 
to control valves such as the ABC valve at any selected pres 
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2 
sure up to 5,000 lbs., for example, and in which the selected 
pressure may be changed nearly instantaneously. The control 
?uid is in a closed system; thus, there is also a need for reliev 
ing the pressure in the control ?uid if a lower pressure is 
desired. It is further desired that these requirements be ac 
complished by the moving of one lever because in controlling 
a well that is about to blow out or is building up pressure too 
rapidly, it is sometimes desirable to change the back pressure 
setting as rapidly and as simply as possible. We have also 
found that it is sometimes desirable and important to have 
means for controlling the pressure of the ?uid in the drill 
string. The present invention ?lls these needs. 

BRIEF DESCRIPTION OF THE INVENTION 

This invention concerns a pressure multiplying apparatus 
for supplying, at a regulated pressure, a control ?uid in a 
closed control ?uid system to a hydraulically operated valve 
especially adapted for use in controlling either the back pres 
sure on a well being drilled or the pressure on a drill string 
used to drill such well. It includes a pump means receiving its 
power from a ?rst ?uid source. The pump means provides at 
its output, a second ?uid which can for convenience be called 
the control ?uid; the pressure of this control ?uid is a constant 
factor of the pressure of the power ?uid provided the pumps. 
A control ?uid conduit connects the output of the pump 
means to the device, such as a hydraulically operated pressure 
control valve, to be controlled. It includes special control 
bleed means connected into the control ?uid conduit to bleed 
off ?uid or lower the pressure in the control ?uid conduit only 
when the power input ?uid pressure is reduced. The power 
input ?uid pressure is regulated to meet changing conditions. 
The control bleed means is thus responsive to the pressure of 
the input power ?uid and is further of a character to permit 
bleeding of control ?uid only when the pressure of the control 
?uid is greater than the factor of the pump means times the 
pressure of the newly adjusted power ?uid. It is thus seen that 
the changing of the pressure of the power ?uid to the pump 
does two things nearly simultaneously: (1) changes the pres 
sure of the control ?uid at the outlet of the pump, and (2) 
bleeds ?uid from the closed control ?uid system when the 
pressure is to be lowered. This is done by merely moving one 
control point on the regulator. Means are also provided so that 
the pressure of the ?uid in the drill string can be maintained 
constant at a set pressure. 

Various other objects and a better understanding of the in 
vention can be had from the following descriptions taken in 
conjunction with the drawings in which: 

FIG. 1 illustrates schematically, and partly in section, a 
hydraulic pressure multiplier system for high pressure control 
in combination with a well control device and drill pipe pres 
sure controller; 

FIG. 2 illustrates a modi?cation of the differential piston of 
FIG. 1; and 

FIG. 3 illustrates position 2 of the three-way valve of FIG. 1. 
We will ?rst describe that first part of the embodiment of 

FIG. 1 which is used primarily to maintain a constant back 
pressure on the outlet mud return line. We will later discuss 
that part which cooperates with this first part to control the 
pressure of the drilling ?uid in the drill string. 
Shown in the drawing is a source 10 for providing high-pres 

sure power ?uid. This source is connected to three-way valve 
81 which, when in the position of FIG. 1, connects the power 
?uid to regulator 24. This power supply can be high-pressure 
air or gas which is ordinarily available on conventional drilling 
units. On the other side of the drawing is a device 12 which is 
to be controlled by a control ?uid within control conduit 14. 
Device 12 is connected to the annulus 11A of casing 11 and 
drill string 13 used to drill the well. As will be explained more 
fully, device 12 is used to control the ?ow of ?uid from annu 
lus 11A. Control ?uid conduit 14 is connected to the ?uid 
control output of pump I6. Conduit 14 is provided with gauge 
15. Pump 16 also has a ?uid control supply input 20 and a 
power or drive input 22. 
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Pump 16 is a type which has an output pressure at output 18 
which is a constant factor of the pressure of the power ?uid 
supplied to drive input 22. A suitable pump is commercially 
available from several sources, including Sprague Engineering 
Corporation of Gardena, California, and is identi?ed as their 
Model 5—2l6-C—60. If pump 16 has a multiplying factor 60, 
for example, a 10 p.s.i. supply of power ?uid at input 22 pro 
vicles a 600 p.s.i. output pressure of control ?uid at output 18. 
Thus, by controlling the pressure of the input ?uid to power or 
drive conduit 22, one can control the pressure of the control 
?uid at output 18. A regulator 24 is provided in the conduit 26 
from power source 10 to power input 22 of pump 16. By 
manipulating the setting of regulator 24, the output at 18 can 
be controlled. However, as conduit 14 is connected to a closed 
system, as illustrated in the drawing, means must be provided 
to relieve ?uid from conduit 14 when it is desired to lower the 
pressure therein. Means for relieving this pressure will now be 
discussed. This includes differential area piston means 28 
which is connected at its top through conduit 30, having pres 
sure gauge 31, to the downstream side of regulator 24. Dif 
ferential area piston means 28 includes an upper cylinder por 
tion 32 and a lower cylinder portion 34. The cross-sectional 
area of cylinder 32 and cylinder 34 has approximately the 
same ratio as those of the pressure of the drive ?uid provided 
power input 22 and the pressure of the ?uid control ?uid at 
output 18 of pump 16. An upper piston portion 36 having 
seals 38, sealingly and slidingly ?ts with cylinder portion 32. A 
piston extension 40 extends downwardly from piston portion 
36 and slidingly ?ts within cylinder portion 34. A spring 44 is 
provided above piston portion 36 to provide proper bias to 
permit adjustment of the control range, i.e., the amount of 
pressure change required to activate the system. In practice a 
spring 44 is used as a bias to cause the upward movement of 
the piston to be delayed until the pressure exceeds the desired 
pressure by some small, but ?nite amount. This prevents con 
stant bleeding of the system with in?nitesimal changes in con 
trol pressure. A bleed conduit 46 connects port 48 in the wall 
of cylinder portion 34 to reservoir 50. Reservoir 50 is con 
nected by supply conduit 52 to the control ?uid input 20 of 
pump 16. Pressure will not build up under piston 36 within 
cylinder 32 as the cylinder is provided with port 42 to the at 
mosphere. Fluid, if any, under cylinder 36 can thus escape. 

Cylinder extension 34 is provided with a circumferential 
passage 53. This passage is in ?uid communication with con 
duit 46. In the position shown, there is no escape of ?uid from 
conduit 14 through bleed conduit 46. However, if the pressure 
differential below piston extension 40 compared to that above 
piston portion 36 exceeds the ratio of the area, then the 
stepped piston will be forced upwardly, causing piston exten 
sion 40 to clear port 48. This permits bleeding of ?uid from 
conduit 14 through conduit 46 to reservoir 50, thus reducing 
the pressure within conduit 14. In this embodiment there is a 
constant cross-sectional area on piston extension 50 as the 
valve opens. 
As illustrated, conduit 14 is connected to automatic 

blowout control valve, such as an ABC valve, as may be used 
on a return mud ?ow line 21 from a drilling well having a cas 
ing 11 closed at the top and a drill string 13 extending 
therebetween in a known manner. Line 21 is provided with in 
ternal cylinder 62 and a rubber diaphragm 64. The control of 
?uid pressure within space 66 of diaphragm 64 then is seen to 
control the pressure P, upstream of the rubber diaphragm 64. 
When pressure P, exceeds the pressure within diaphragm 64, 
the diaphragm is pushed back or deformed and ?uid flows 
through. An ABC valve, illustrated as numeral 12, is commer 
cially available from Regan Forge and Engineering Company 
of San Pedro, California, illustrated in their Bulletin 
ABC-366. 
We will now discuss the operation of that part of the ap 

paratus of the drawing just described when used to control the 
back pressure on return mud flow line 21. (When three-way 
valve 81 is in the position shown in FIG. 1, regulator 80, to 
which the other outlet of three-way valve 81 is connected, is 
ineffective. Its operation will be discussed later.) Reservoir 50 
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4 
is ?lled with a ?uid, preferably a hydraulic ?uid such as brake 
fluid used in hydraulic brakes for automobiles, or a good grade 
motor oil, for example. An air supply 10 is connected to regu 
lator 24. If the maximum pressure of the power air supply is 
100 p.s.i. and pump 16 has an air to oil ratio of 60/1, then the 
output pressure in pump 16 can vary from zero to as high as 
6,000 p.s.i. This permits control fluid of much higher pressure 
than the pressure of most ?uids or gases connected with a 
drilling rig. Regualtor 24 is then adjusted to obtain the desired 
back pressure P, in line 21. For example, if it is desired to con 
trol P, at 3,000 p.s.i., then regulator 24 is set to have an out 
put pressure of 50 lbs. Regulator 24 can have a dual range 
calibration thereon, wherein one range indicates the true air 
pressure downstream of the regulator and the other is 60 times 
this to indicate the pressure of the ?uid in conduit 14 which in 
turn controls or is equal to pressure P,. If the pressure output 
of regulator 24 is 50 p.s.i. then the downward force on piston 
extension 40 is 3,000 times A2. As A, is 60 times A,, then 
there is equal force exerted on the differential piston by the air 
in conduit 30 and the control ?uid on conduit 14. Thus, no 
movement of the differential piston. If it is desired to increase 
the pressure P,, all that is necessary to do is to increase the 
setting on regulator 24 the correct amount. This increases the 
output pressure of the control ?uid from pump 16 which in 
creases the upward force on differential piston. However, this 
is offset by the increased pressure acting downwardly on area 

If it is desired to reduce pressure P,, then all that is necessa 
ry for an operator to do is to lower the setting on regulator 24. 
This lowers the pressure on A,. However, the pressure in con 
duit 14 is not now affected by the output of regulator 24 as 
conduit 14 is a closed system. To lower the pressure in conduit 
14, part of the ?uid must be bled. As the pressure in conduit 
14 times the area A, is greater than the pressure in conduit 30 
times A,, the differential piston will start to rise. As soon as 
this total upward force exceeds the downward force by an 
amount equal to the resistance of spring 44, the differential 
piston will move upward. This movement continues until 
piston extension 40 clears port 48, thus opening it. The instant 
this occurs, the ?uid will ?ow through port 48 and conduit 46 
to reservoir 50. This permits a rapid reduction in pressure in 
conduit 14. This is especially rapid if the ?uid in conduit 14 
has a low compressibility factor because then a bleeding off of 
a small volume gives a large decrease in pressure. 
As seen as the pressure in conduit 14 reduces to the point 

where the upward force is equal to the downward force, the 
differential piston moves downwardly to the position where 
piston extension 40 acts as a valve closing port 48. At this time 
the pressure in conduit 14 is approximately 60 times the pres 
sure in conduit 30. Thus, there is a quick response to con 
trolling pressure P, by merely operating one regulator, namely 
regulator 24. This regulation can act to either increase, 
decrease or maintain constant the pressure P,. 
That part of the drawing will now be described which shows 

means available for controlling the pressure on the drill pipe. 
This includes three-way valve 81 and second regulator 80. 
Three-way valve 81 which is between the power source 10 and 
regulator 24 is turned to position 2 as shown in FIG. 3. When 
in this position the outlet of air source 10 is connected to regu 
lator 80 which is controlled by the drill pipe pressure. This 
regulator 80 includes a power air inlet 84, a power outlet 82, 
and control ?uid inlet 97. Inlet 84 is connected through con 
duit 88 to three-way valve 81 to obtain power ?uid. Outlet 82 
is connected through conduit 86 to conduit 30 which is con 
nected to the upper side of differential piston 28 to bleed type 
regulator 24 and to pump 16. Regulator 80 has an internal 
cylinder portion 99 which connects with an inlet 84 and outlet 
82. Mounted within cylinder 99 is a piston valve assembly in 
cluding a ?rst piston head 98 and a second piston head 100 
connected by rod 102. The left ‘end of cylinder 99 or the end 
adjacent piston 98 is connected through conduit 90 to a pres 
sure source indicative of the pressure in drill pipe 13.,Thus, 
power ?uid or other power means representative of the pres 
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sure of ?uid in the drill pipe urges the piston assembly to the 
right. Details of such power means are not shown as they are 
well known. This movement to the right is resisted by a spring 
92 in chamber 103 whose set compression is adjustable by 
means 94. A port 96 is provided in the chamber 103. 

When the drill pipe pressure in conduit 90 is less than the 
setting on spring 92, the piston valves are in the position 
shown in the drawing and high pressure air from source 10 
?ows through regulator 82 through conduit 86. This causes 
the pressure in line 14 to build up. By controlling the pressure 
in pipe 12 one can control the drill pipe pressure. Pipe 12 is 
connected to the annulus between drill pipe 13 and casing 
11a. This annulus and the drill pipe is like a manometer and 
has a U-tube effect. lf the pressure is built up in the control 
conduit 14, the annulus around pipe 12 is closed off. Then the 
pressure in the drill pipe builds up. When sufficient pressure 
buildup in the drill pipe occurs, piston valves 98 and 100 are 
shoved to the right so that the power air in conduit 88 is shut 
off. When valve 100 moves suf?ciently to the right, the pres 
sure in conduit 83 is vented through chamber 103 and vent 
port 96. This causes differential piston stem 40 to rise and re 
lieve the pressure on conduit 14. This also stops pump 16. The 
combination of stopping pump 16 and relieving pressure in 
conduit 14 opens the valves 64 which reduces the pressure in 
conduit 21. This in turn reduces the pressure on the drill pipe 
which is what is desired in such instances. 
0n the other hand, if the pressure in drill pipe 13 drops too 

low, spring 92 shoves the valve assembly, including the piston 
heads 98 and 100, to the left suf?ciently so that conduit 88 is 
in ?uid communication with conduit 86. This permits the high 
power ?uid from source 10 to act directly upon pump 16 and 
upon regulator 28. This causes the pressure in conduit 14 to 
rise, thus increasing the pressure holding valve 64 closed in 
pipe 21. Thus the lower the drill pipe pressure drops, the more 
the system wants to build up the pressure in control conduit 
13. This can be dangerous as the pressure might exceed the 
rupture pressure of casing 11. However, we provide a 
safeguard for this. It is to be noted that even when three-way 
valve 81 is in position shown in HO. 3, the outlet of regulator 
24 is connected to the input of pump 16 and to the top side of 
differential piston 28. lt will be recalled that we speci?ed that 
regulator 24 is a bleed type, e.g., if the regulator is set for lOO 
lbs. and the pressure in conduit 26 is greater than 100 lbs., 
regulator 24 will bleed off sufficient air through bleed vent 25 
so that the pressure in conduit 26 drops to 100 lbs. Thus, by 
proper setting of regulator 24 we can keep the pressure from 
building up in line 14 to the point where it would rupture cas 
ing 11 although the pressure of the drill pipe 13 remains low. 

FIG. 2 illustrates a modi?cation of the differential piston il 
lustrated in H0. 1. There are two main modifications: (1) the 
connection between upper cylinder portion 36A and lower ex 
tension 40A, and (2) passage means within extension 40A. 
Piston extension 40A is connected to large piston portion 36A 
by a pin 70 which ?ts within holes 72 and 74 of large piston 
36A and extension 40A, respectively. The upper end of pin 70 
is rounded as is hole 72. Hole 72 is slightly larger than pin 70. 
This arrangement lessens the strictness of alignment of the 
piston, piston extension and the cylinders. This manner of 
connecting extension 40A to large piston portion 36A can 
readily be used in the embodiment of FIG. 1. 

FIG. 2 shows a further modi?cation from FIG. 1. This in 
cludes a passage 75 within piston extension 40A. One end of 
passage 75 opens into conduit 14 and the other end opens into 
circumferential groove 76 which is cut into the exterior wall of 
piston extension 40A. The differential piston of FIG. 2 
operates in substantially the same manner as that of FIG. 1 
and can be substituted into the system of FIG. 1. For example, 
if pressure in conduit 14 exceeds a given pressure, it forces 
piston extension 40A upwardly until groove 76 is aligned with 
port 48 to relieve the pressure in conduit 14. Upon the proper 
relief of pressure, the piston valve on extension 40A is driven 
downwardly, closing off port 48. 
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6 
While the above embodiment has been described with a 

great deal of detail, it is possible to produce modi?cations 
thereof without departing from the spirit or scope of the in 
vention. 
We claim: 
1. An apparatus for supplying a control ?uid for use with a 

well being drilled in the earth with the drill bit attached to the 
lower end of a drill pipe through which drilling ?uid is circu 
lated which comprises: 

a power ?uid source; 
a ?rst regulator means having an inlet and an outlet and in~ 

cluding vent means to bleed ?uid from said outlet when 
the pressure in said outlet exceeds the setting of said regu 
lator means; 

a second regulator means having a power ?uid inlet, a 
power ?uid outlet, and a pressure control ?uid inlet for 
admitting control ?uid to control the opening and closing 
of said power ?uid inlet; 

means for selectively connecting said power ?uid source to 
said ?rst regulator means and to the power ?uid inlet of 
said second regulator means; 

a pump means having an inlet and an outlet for control ?uid 
and a power ?uid inlet, said pump means being of a 
character to have an output pressure a constant factor of 
the pressure of the power ?uid; 

control ?uid conduit means connecting the outlet of said 
pump means to the device being controlled; 

means connecting the outlet of said ?rst regulator means 
’ and the outlet of said second regulator means to said 
power ?uid inlet of said pump means; 

control bleed means operable to lower the pressure in said 
control ?uid conduit when the pressure of the ?uid 
therein exceeds the power input ?uid pressure to said 
pump means by the same said given factor of said pump 
means and otherwise to be closed; 

pressure sensing means for controlling said second regulator 
means responsive to the pressure of ?uid in said drill pipe. 

2. An apparatus as defined in claim 1 in which said control 
bleed means includes a differential area piston in a stepped 
cylinder in which space on one side of said piston is connected 
to the power ?uid input conduit from said ?rst and second 
regulator means and the space on the other side of said dif 
ferential piston being in pressure communication with said 
control ?uid conduit, said control means further including 
bleed conduit means having valve means therein operable by 
movement of said differential piston to open and close, the dif 
ferential areas of said piston having a ratio the same as the fac 
tor of said pump means. 

3. An apparatus as de?ned in claim 1 wherein said control 
bleed means includes a vertical stepped cylinder comprising 
two axially aligned cylinders of different diameters, there 
being a large portion and a small portion thereof, the cross 
sectional area of one cylinder portion to the other being the 
same as the power multiplication factor of said pump means; 

a ?rst piston portion sealing and reciprocally ?tting within 
the large portion of said cylinder; and 

an extension from said piston portion, said extension sealing 
and reciprocally ?tting within said small portion of said 
cylinder, said extension having a passage extending from 
its end opposite said first piston portion to a lateral open— 
ing in said extension; 

a bleed conduit connected to a port in the wall of said small 
portion of said cylinder to register with the lateral open 
ing in said extension when said extension is in one posi 
tion and to otherwise be in nonregister. 

4. An apparatus as defined in claim 3 in which said ?rst 
piston portion is urged by a spring in a direction toward said 
extension. 

5. An apparatus as de?ned in claim 3 in which said bleed 
conduit is connected to a reservoir and including means con 
necting said reservoir to the inlet of said pump means. 

6. An apparatus as de?ned in claim 5 in which said power 
?uid source is a source for air under pressure and the ?uid in 
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said control ?uid conduit means and said bleed means and 
said reservoir is a liquid. 

7. An apparatus as de?ned in claim 3 in which said exten 
sion from said piston portion is provided with a circum 
ferential groove in ?uid communication with said passage of 
said extension. 

8. An apparatus as de?ned in claim 3 in which the said ex~ 
tension having an axially aligned hole in one end thereof and 
said large piston portion having an axially aligned hole in one 
side thereof; said holes being adjacent each other; a pin within 
said holes to align said large piston portion and said piston ex~ 
tension within said stepped cylinder, said pin being smaller in 
diameter than said hole in said large piston portion. 

9. An apparatus as de?ned in claim 3 in which said large 
portion of said cylinder is provided with a port beneath said 
?rst piston portion and said port opening into the exterior 
thereof. 

10. An apparatus as de?ned in claim 9 in which said smaller 
cylinder portion is provided with a circumferential passage in 
communication with said port in the wall of said smaller por 
tion. 

11. An apparatus for supplying a control ?uid in the closed 
system at a regulated pressure to a device to be controlled for 
use with a well being drilled in the earth with a drill bit at 
tached to the lower end of a drill pipe through which drilling 
?uid is circulated which comprises: 

a power ?uid source; 
a first regulator means connected to said power ?uid 

source; 
a second regulator means connected to said power ?uid 

source; 
a pump means having an input and an output for control 

?uid and a power ?uid input, said pump means being of a 
character to have an output pressure a considerable fac 
tor of the pressure of the power ?uid; 

control ?uid conduit means connecting the output of said 
pump means to the device being controlled; 

means for selectively connecting said power ?uid source to 
said ?rst regulator means and to said second regulator 
means; 

conduit means connecting the ?rst regulator means and the 
second regulator means to said power ?uid inlet of said 
pump means; 

control bleed means operable to lower the pressure in said 
control ?uid conduit when the pressure of the ?uid 
therein exceeds the power ?uid pressure to said pump 
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8 
means by the same given factor of said pump means and 
otherwise to be closed; 

pressure sensing means for controlling said second regulator 
means responsive to the pressure of ?uid in said drill pipe. 

12. An apparatus as de?ned in claim 11 in which said con 
trol bleed means includes a differential area piston in a 
stepped cylinder in which space on one side of said piston is 
connected to the power ?uid input conduit from said ?rst and 
second regulator means and the space on the other side of said 
differential piston being in pressure communication with said 
control ?uid conduit, said control means further including 
bleed conduit means having valve means therein operable by 
movement of said differential piston to open and close the dif 
ferential area of said piston having a ratio the same as the fac 
tor of said pump means. 

13. An apparatus as de?ned in claim 11 wherein said con 
trol bleed means includes a vertical stepped cylinder compris 
ing two axially aligned cylinders of different diameters, there 
being a large portion and a small portion thereof, the cross 
sectional area of one cylinder portion to the other being the 
same as the power multiplication factor of said pump means; 

a ?rst piston portion sealing and reciprocally ?tting within 
the large portion of said cylinder; and 

an extension from said piston portion, said extension sealing 
and reciprocally ?tting within said small portion of said 
cylinder, said extension having a passage extending from 
its end opposite said first piston portion to a lateral open 
ing in said extension; 

a bleed conduit connected to a port in the wall of said small 
portion of said cylinder to register with the lateral open 
ing in said extension when said extension is in one posi 
tion and to otherwise be in nonregister. 

M. An apparatus as de?ned in claim 13 in which said bleed 
conduit is connected to a reservoir and including means con 
necting said reservoir to the inlet of said pump means. 

115. An apparatus as de?ned in claim 13 in which said exten 
sion from said piston portion is provided with a circum 
ferential groove in ?uid communication with said passage of 
said extension. 

16. An apparatus as de?ned in claim 13 in which the said 
extension having an axially aligned hole in one end thereof 
and said large piston portion having an axially aligned hole in 
one side thereof; said holes being adjacent each other; a pin 
within said holes to align said large piston portion and said 
piston extension within said stepped cylinder, said pin being 
smaller in diameter than said hole in said large piston portion. 
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