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Patented Jan. 23, 1940 

UNITED STATES 
2,187,969 

PATENT OFFICE 
DRING SYSTEM 

Herbert E. Grau, Pasadena, and John D. Ches 
nut, San Marino, Calif., assignors to Byron 
Jackson Co., Huntington Park, Calif., a cor 
poration of Delaware 

Application March 21, 
Claims. 

This invention relates generally to deep well 
drilling, and is directed particularly to an im 
proved hydraulic well-drilling system. 
In the constant search for more oil reserves, 

oil Wells are being drilled to ever increasing 
depths. At the present time the limiting fac 
tors controlling the depths obtainable are the 

O 

5 

20 

25 

30 

capacity of available equipment to withstand the 
increased weights and pressures incidental to 
deep drilling, and the operating cost. Various 
attempts have been made to provide equipment 
which Will withstand the enormous stresses im 
posed on it, and which can be operated ef 
ficiently. The modern trend is toward so-called 
"power-units' driven by internal combustion en 
gines mainly because of the inability of steam 
driven mud pumps to provide the required pres 
Sures and Volumes. It should be noted in this 
connection that for pumping the mud, substan 
tially all modern drilling units include standard 
duplex, double-acting pumps, basically the same 
'as those used since the advent of rotary drill 
ing. Because of the pressure limitations of this 
type of pump, the mud pump is the chief factor 
liniting the depths obtainable with these drill 
ing units. 
Warious types of power units and drives have 

been developed in attempts to increase the ca 
pacity and the . operating range of the mud 
pumps, but it is a significant fact that whatever 
type of power unit previously employed was most 
satisfactory for driving the mud pumps was not 
best Suited for operating the hoist and the rotary 
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table. The flexibility desired in the rotary table 
drive and in the drive for the draw works was 
not inherent in the power units capable of oper 
ating the mud pumps at the required capacity, 
and necessitated expensive and cumbersome aux 
iliary speed changing and speed control de 
Vices, if a common Source of power was utilized. 
As an alternative, separate power units for 

the various devices have been resorted to. How 
ever, although not always recognized, it hap 
pens that the hoist and the mud pumps require 
approximately the same horsepower, and are 
seldom, if ever, operated simultaneously. The 
rotary table and the mud pumps are operated 
simultaneously but the rotary table requires a 
relatively Small amount of power, and a prime 
mover of Sufficient capacity to handle these units 
Will have adequate capacity for any load imposed 
thereon by the hoist. For this reason, the pro 
vision of separate Sources of power for the mud 
pumps and the hoist and rotary table is from a 
power standpoint unnecessary, and could be 
avoided if there were available a common power 
Source having operating characteristics suitable 
to mud pumping, hoisting, and driving the rotary 
table. 

Hydraulic equipment is recognized as being 

1938, Serial No. 197,02. 8. 
(C. 255-19) 
admirably suited to hoisting and feeding of drill 
pipe, because of the ease and Smoothness of ma 
nipulation and the nicety of control of the feed. 
However, heretofore hydraulic hoisting and feed 
ing means have required extra equipment for 
providing the pressure liquid, in addition to the 
usual rotary table and mudpump drives. 
A principal object of this invention is to elimi 

nate the defects mentioned and provide a drill 
ing equipment having a single common power 
Source, that gives high desirable operating char 
acteristics for each of the different units, and at 
the same is simple, efficient, and reliable. 
In general, this object is achieved by employ 

ing a hydraulic System comprising a single prime 
mover driving a pump Supplying power-liquid 
which actuates the rotary table, hoist, and mud 
pump hydraulically. The prime nover need be 
of a capacity Only Sufficient to handle the hoist 
ing load, and this capacity, will be sufficient to 
handle the rotary table and the mud pump. 
A fully hydraulic system such as referred to 

herein is made possible by the development of 
a hydraulic mud pump, the operating character 
istics of which are such as to make it well adapt 
ed to handling abrasive drilling mud in the wide 
range of volumes and high pressures required for 
deep drilling. It may be noted that a centrifugal 
pump would be ideal for handling drilling mud, 
from a standpoint of Operating characteristics, 
but is not capable of standing up for any length 
of time if handling the abrasive mud directly, 
because of rapid abrasion of parts. However, by 
utilizing the centrifugal. pump to supply a clear 
motive liquid in required volumes and at the re 
quired pressures, and by transmitting the volume 
displacement and pressure of the clear motive 
liquid to the drilling mud by means of a hy 
draulically actuated. Enud pump adapted to han 
dile the abrasive mud, the advantages inherent in 
the centrifugal pump being made available with 
Out Subjecting it to abrasion by the mud. 
By the provision of a hydraulic mudpump, it 

is possible to employ a hydraulic hoist and hy 
draulically driven rotary table without requiring 
an additional prime mover or extra power liquid 
pumps. The centrifugal pump is not only ideal 
as a source of power-liquid for the mud pump, 
but also is well adapted to operate a hydraulic 
hoist and a hydraulic motor for operating the 
rotary table. 
An inherent characteristic of centrifugal 

pumps which makes them especially well adapted 
to this service, is the ability to compound them 
either in series or in parallel, to provide a wide 
range of volumes and pressures, and a further 
feature of the invention is a hydraulic drilling 
System including a prime mover, a series-par 
allel multistage centrifugal pump or a plurality 
of centrifugal pumps connectible in series or in 
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parallel, and driven by the prime mover, with a . 
hydraulic mud pump, a hydraulic hoist, and a 
hydraulically actuated rotary table driven by 
motive liquid supplied by the centrifugal pumps. 
In drilling deep Wells, the time elements is an 

important factor, and delays occasioned by fall 
lure of any of the equipment are very costly. 
Stand-by units are consequently, considered es 
Sential in order to avoid cessation of operations 
while repairing equipment. It is usual practice 
to provide extra mud pumps, and, particularly 
when power units such as internal combustion 
engines are used as prime movers, a stand-by 
engine is considered necessary. However, the 
usual practice is to provide one engine. for the 
hoist and rotary table, and one for the mud 
pumps, with provision for compounding them 
when necessary and for substituting either one 
for the other. In such arrangements, however, 
it will be evident that a full stand-by unit is not 
provided, since one of the units must cease its 
normal function in order to act as a substitute 
for the other in case of breakdown of the latter. 

In a fully hydraulic system according to our 
invention, however, a single prime mover and 
centrifugal pump is provided having adequate 
capacity for operating each of the units of the 
rig at full capacity, and consequently a stand-by 
unit such as an additional steam turbine and 
centrifugal pump will be a full stand-by unit, 
capable of taking over all of the duties of the 
primary unit and permitting continuation of all 
of the drilling activities during shut-down of the 
primary unit. As stated previously, both the 
primary unit and the stand-by unit are of a type 
particularly well adapted to operating each of the 
units. 
Another advantage of our system results from 

the fact that when a steam engine is employed 
as a source of power, the boiler must be located 
a substantial distance from the well to reduce 
the fire hazard. In existing systems in which 
the mud pump, hoist and rotary table are driven 
directly by steam engine, long steam lines to 
the boiler are required involving large heat 
losses. In our system, however, only one steam 
engine (driving the pump) is required and it 
may be positioned close to the boiler, the power 
being transmitted to the hydraulically actuated 
devices located at the well through the medium 
of the motive liquid, which may readily be con 
veyed through pipes of sufficient size to keep the 
pressure drop, and resultant power loss, small. 
Other objects, features, and advantages will 

be apparent from the following description, taken 
in conjunction with the accompanying drawings, 
wherein Fig. 1 is a lay-out, in plan, of a hydraulic 
drilling system, incorporating the invention; 

Fig. 2 is an elevation of the hydraulic hoist 
and rotary table drive of Fig. 1; and 

Fig. 3 is a plan view of a modified hydraulic 
hoist and a rotary table drive. 

Referring, to Fig. 1, the usual well derrick floor 
is indicated at , and a derrick is diagrammati 
cally shown at 2. A conventional rotary table is 
shown at 3. 

In the hydraulic drilling system of this form 
of the invention, the conventional drum-type 
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drawworks is replaced by a plunger-type hydrau 
lic hoist, preferably of the type disclosed in the 
patent to. Herbert E. Grau and Andrew J. Col 
merauer, No. 1,790,913, granted February 3, 1931. 
This hoist comprises generally a pair of unusual 
ly long hydraulic cylinders and 2 (Fig. 2) 

2,187,969 
disposed with approximately the lower halves 
thereof sunk within wells beneath the derrick 
floor, and with the upper halves projecting above 
the derrick floor. Piston rods 3 and 4 having 
pistons at their lower ends are reciprocable in 
the cylinders, the stroke of the pistons being 
preferably sufficiently long to handle a standard 
80-foot stand of drill pipe at one stroke. A cross 
head 5 connecting the upper ends of the piston 
rods supports the usual drilling hook 6 and 
other pipe-handling equipment such as the ele 
vator 7. 
The rotary table 3 is driven by a Pelton wheel 

2 through reduction gearing 22. 
The hydraulic mud pump indicated at 25 is 

provided with a mud suction inlet 26 extending 
to the usual mud pit 27, and a mud discharge pipe 
28 extending to the usual mud connection on the 
rotary swivel (not shown). The mud pump may 
be of the specific form disclosed in the copending 
applications of Aladar Hollander and Waldemar 
F. Mayer, Ser. No. 197,140, filed concurrently 
herewith, or that disclosed in the copending ap 
plication of Waldemar F. Mayer, Ser. No. 197,142, 
also filed concurrently herewith. It comprises 
generally a pair of aligned cylinders 3, 3’ in 
which are reciprocable a pair of pistons 32, 32" 
connected to opposite ends of a common piston 
rod 33. Motive liquid is alternately admitted to 
the inner ends of the cylinders to reciprocate the 
pistons, and mud is alternately drawn in and 
forced out of the outer ends of the cylinders by 
the reciprocation of the pistons. As disclosed in 
the Copending applications referred to above, a 
surge piston arrangement is provided for in 
Suring continuous and steady flow of discharge 
mud and of motive liquid during reversal of the 
stroke of the pistons. The pressures of motive 
liquid and of mud on opposite sides of the pistons 
are substantially equal, with the motive liquid 
preSSure Only slightly higher than the discharge 
mud pressure. The displacement of motive liquid 
and mud is obviously equal. It will thus be seen 
that a hydraulic mud pump of this type trans 
mits the pressure and volume characteristics of 
the motive liquid to the drilling mud, while acting 
as a barrier between the two fluids, preventing 
admixture thereof. Any slight leakage will be of 
motive liquid into the mud, because of the slight 
ly higher pressure of the former, but this is not 
objectionable inasmuch as it is necessary to add 
make-up water to the drilling mud from time to 
time to compensate for that lost in the forma 
tions being penetrated. 

The three hydraulic units mentioned above 
are selectively actuated by a motive liquid, pref 
erably water, supplied by a centrifugal pump 
As shown in Fig. 1, the centrifugal pump, gen 
erally indicated at 35, is of the multi-stage series 
parallel type, wherein the stages are divided into 
two groups capable of being connected either in 
series for high pressure, or in parallel for large 
volume at less pressure. A water supply line 36 
leads from a water tank 37 to a pair of branch in 
lets 38, 39 controlled by cut-off valves 40, 4t. 
Discharge outlets 42, 43, controlled by cut-off 
valves 44, 45 merge into a common discharge pipe 
6. A cross-over 47 controlled by valve 48 ex 

tends from outlet 42 of one group of stages to 
inlet 39 of the other group. When valves 40, 4, 
44 and 45 are open and valve 48 is closed, the 
two groups of stages pump in parallel to deliver 
a relatively large volume of water at relatively 
low pressure. When valves 44 and 4f are closed, 
however, and valve 48 is opened, the discharge 
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2,187,969, 
of the first group of stages enters the intake of . 
the Second group and the two groups, pump in 
series to deliver a decreased volume of water at 
increased pressure. 
A branch pipe 5 for high pressure water ex 

tends from the common discharge pipe 46 to the 
pressure water inlet 52 of the mud pump 25, and 
an exhaust conduit 53 extends from the water 
outlet of the mud pump to the tank 3. . A cut 
off valve. 54 is interposed in the mud pump water 
Supply line 5. 
A branch conduit 55 also extends from dis 

charge pipe 46 to the hydraulic hoist. A main 
cut-off valve 56 is interposed in conduit 55 in 
advance of a balanced three-way hoist control 
valve generally indicated at 57. As shown in Fig. 
2, the control valve comprises a vertically dis 
posed valve chamber 6 having an upper inlet 
connection 62 for pressure water, an intermedi 
ate port 63 leading to the hoist cylinders, and a 
lower discharge outlet 64 connected to the sup 
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ply tank 37. A balanced valve comprising a pair 
of piston valves 65 and 66 are reciprocable on 
the chamber 6 by means of a valve stem 67. 
A hand lever 68 pivotally mounted on an upstand 
ing bracket 69 on the valve chamber is pivotally 
connected to the valve stem for the reciprocation 
of the latter. The valves 65 and 66 are so dis 
posed on the valve stem in relation to the inlet 
62 and port 63 that either the inlet 62 or the 
port 63 may be closed, or these two ports may 
be placed in communication with each other to 
admit pressure water to the hoist cylinders, or 
port 63 and discharge outlet may be placed in 
communication with each other to went Water 
from the hoist cylinders to permit lowering of the 
pistons and the suspended load. A conduit 75 
extends from the port 63 of the hoist control 
valve 57 to the lower ends of the cylinders 
and f2, and an exhaust conduit 76 extends from 
the exhaust port 64 of the control valve to the 
water discharge conduit 53 of the mud pump. 
A water supply conduit 8 extends from the 

main supply line 46 to the Pelton wheel 2, a cut 
off valve 82 and a fluid-actuated needle control 
valve 83 being interposed in this conduit. 
exhaust conduit 84 extends from the Pelton wheel 
back to the water tank 37. 

It will be observed that the control valves 57 
and 83 for the hoist and rotary table, and the 
cut-off valves 54, 56 and 82 are all located with 
in easy reach of the driller, whose position is be 
tween the control valves 57 and 83. 
In the form of the invention illustrated in 

Fig. , the centrifugal pump is driven by a steam 
turbine 88. A steam supply line 89 furnishes 
steam to the turbine from a battery of boilers 90. 

In Fig. 3 there is shown a modified form of 
hydraulic hoist, embodying a simplified appli 
cation of our completely hydraulic system to a 
conventional rig, embodying a drum-type draw 
Works. While it is true that one of the prin 
cipal advantages of a completely hydraulic drill 
ing system lies in the fact that it enables the use 
of a plunger-type hoist without the necessity of 
providing additional pumping equipment solely 
for operating the hoist, the application. Of Such 
a system to a conventional drilling rig has in 
itself many distinct advantages. In its simplest 
form, this arrangement consists in the provision 
of a hydraulic motor connected to the draw 
works for rotating the drum. The motor may 
be of any desired type of rotary hydraulic motor, 
such as a Pelton wheel or a radial piston motor, 

75 as shown. 

An. 

3 
For purpose of illustration, a simple form of 

tWo-shaft dra WWorks is shown. The usual cable 
drum 95 is secured to a drum shaft 96 journaled 
at its opposite ends in bearings 97, 98 mounted 
on pedestals formed on the base 00. A pair of 
Sprockets 0, fo2 are selectively connectible to 
the drum shaft by sliding jaw clutches 03, 04, 
the Sprockets being of different diameters to pro 
vide two drum speeds. A line shaft 06 has 
keyed thereto a pair of sprockets fo, l08, con 
nected to sprockets 0, 02 by chains O9, O 
Whereby the drum shaft and drum may be driven 
by the line shaft at either of two speeds. 
Connected directly to one end of the line shaft 
06 is a hydraulic motor 12, shown herein as of 

the reversible, radial piston type. Intake and 
exhaust connections f3 and 4 are connected 
to a valve chamber 5 wherein suitable valve 
mechanism is provided for controlling the ad 
mission and exhaust of motive liquid to the cylin 
ders 6 of the motor. A four-Way reversing 
valve selectively admits motive liquid to one 
conduit f 3 or f4 from a supply pipe f8 and 
simultaneously connects the other conduit 4 or 
3 to a return pipe 9. By suitable manipula 

tion of the handle 20 of the valve 7 the hoist 
ing drum 95 may be rotated in either direction at 
a wide range of speeds. With this type of hy 
draulic motor the lowering the drill pipe may be 
controlled by the motor, the latter functioning at 
such times as a brake. 
The rotary table 3' is shown as being driven 

by a Pelton wheel 2' through reduction gearing 
22, as in the form of the invention shown in 
Figs. 1 and 2. A control valve 83 and a shut-off 
valve 82' are interposed in the supply line 2 
connected to supply line 8. The exhaust from 
the Pelton wheel returns to a water tank as at 3 
in Fig. 1, through a return line 22. The ex 
haust line f 9 of the motor 2 is also connected 
to the return line 22. 
A supply line 25 branches off from the main 

supply pipe 8 and leads to the hydraulic mud 
pump 25 shown in Fig. 1. A shut-off valve 26 
is interposed in line f25 within reach of the op 
erator from his station near the hoist control 
valve T. A return line (not shown) is provided 
from the mud pump to the water tank, as in 
Fig. 1. ". 

In the form of the invention last described, the 
advantages of a fully hydraulic system are made 
available for use with a conventional drilling rig, 
although the full advantage inherent in the fully 
hydraulic system are not realized. As stated pre 
viously, the advantages of a plunger-type hoist 
over the drum type are many. In the latter the 
entire weight of the suspended drill string is car 
ried by the derrick. Futhermore, in order to 
handle the long strings of drill pipe the number 
of reeves of the cable through the crown block 
and travelling block is so large that lifting Speed 
is very slow and free lowering of the unloaded 
hock is almost impossible because of the cable 
friction in the blocks. The plunger-type hoist, 
on the other hand, supports the suspended 
weight independently of any derrick, and does 
away entirely with the blocks and wire lines. 
The raising and lowering speed may be varied 
as desired, and with a centrifugal pump : Sup 
plying the power liquid, as the load decreases 
with shortening of the drill string when coming 
out of the well, the raising speed automatically 
increases. The operation is smooth and noiseless, 
whereas with the usual drum-type draw works the 
manipulation of pipe is characterized by a series 
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4. 
of jerks and vibrations and the noisy operation of 
chain drives. Moreover, the hydraulic piston type 
of hoist permits accurate determination and con 
trol of the weight on the bit, there being no wire 
lines, travelling block or crown block with their 
attendant high friction loads to interfere with 
the determination of the true load on the drilling 
bit. 

Furthermore, irrespective of whether or not 
the hydraulic hoist is employed, there are pe 
culiar advantages to the use of the hydraulic 
motor drive for the rotary table and the balanced 
piston mud pump, both supplied by parallel con 
nection from a common source of motive liquid. 
A difficulty frequently encountered when drilling 
through clayey formation, is that the clay “balls 
up' on the bit. This increases the torque required 
to rotate the bit, thereby tending to cause a de 
crease in rotative speed which, in turn, tends to 
aggravate the balling up. The balling up of the 
bit, however, also increases the resistance to cir 
culation of drilling mud through the bit, thereby 
causing the mud pressure to increase. When 
applicant's balanced piston mud pump is em 
ployed, the motive liquid pressure increases in re 
Sponse to the mud pressure increase, and since 
the mud pump and rotary table are connected to 
the same source of motive liquid, the increased 
pressure of motor fluid produced by the decreased 
flow of mud, causes the rotary table to speed up 
and the balled up clay is thrown off the bit. by 
centrifugal force. 

It will be apparent from the foregoing descrip 
tion and remarks that a fully hydraulic drilling. 
system is far superior to the conventional sys 
ten now in use, and that such a system is made 
possible by the development of a hydraulic mud 
pump. The latter enables the use of a centrifugal 
pump as the power liquid source, which pump is 
not only highly efficient-but is also particularly 
well adapted to operate each of the units of the 
System, because. of its operating characteristic. 
Its flexible pressure and volume characteristics 
make it possible to employ a steam turbine as a 
prime mover and to obtain a wide pressure and 
volume range while operating the turbine at con 
stant speed. The steam turbine is recognized as 
being by far the rinost efficient of any: steam 
driven prime mover, and since they operate 
efficiently within-the same speed range as cen 
trifugal pumps, the turbine and pump can bé 
directly connected together, thus eliminating the 
necessity of costly reduction gears which are re 
quired with gas engine drives, or the expensive 
variable control systems required with A. C. elec 
tric motors. 
We claim: . . . 
1. A hydraulic well drilling system comprising 

a rotary drill having mud passages therethrough 
and a hollow drill string for supporting and ro 
tating said drill and conducting. mud thereto, a 
rotary table for rotating the drill string and drill 
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and d hydraulic motor for rotating the rotary 
table, said motor supplying a torque to said table 
which increases with an increase in pressure of 
notive liquid supplied to said motor, a hydraul 
ically actuated mud pump for forcing drilling 
mud through said drill string and drill, said mud 
pump being of the variable speed piston type in 
which the volume of mud pumped bears a fixed. 
relation to the volume of motive liquid consumed 
and the pressures of the mud and motive liquid 

w 
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are interdependent, and a common source of mo 
tive liquid supplying motive liquid to both said 
mud pump and said hydraulic motor in parallel 
connection, whereby an increase in resistance to ' 
flow of mud through said drill automatically in 
creases the pressure of said motive liquid and the 
speed of rotation of said hydraulic motor, rotary 
table and drill. . 

2. A hydraulic well drilling system as described 
in claim i, in which said source of motive liquid 
comprises a centrifugal pump driven by a prime 
OWe. 
3. A hydraulic well drilling system comprising: 

a hydraulically actuated rotary table, a hydrauli 
r cally actuated hoist, a hydraulically actuated mud 
pump, a Series parallel centrifugal pump and fluid 
connections from said pump to said rotary table, 
hoist and mud pump, all in parallel relation, 
whereby said motive liquid may be delivered under 
preSSure selectively to the rotary table, hoist and 
mud pump, said centrifugal pump being operable 
in series connection to obtain increased pressure 
at lower volume, or in parallel to obtain increased 
volume at lower pressure. 

4. A hydraulic well drilling system comprising 
a rotary drill having mud passages therethrough 
and a hollow drill string for Supporting and ro 
tating said drill and conducting mud thereto, a 
hydraulically actuated hoisting mechanism for 

:30 Supporting and feeding the drill string and drill, 
a rotary table for rotating the drill string and drill 
and a hydraulicmptor for driving the rotary table, 
said motor supplying a torque to said table which 
increases with an increase in pressure of motive 
liquid supplied to said motor, a hydraulically actu 
ated mud pump for forcing drilling mud through 
Said drill string and drill, said, mud pump being 
of the type in which the volume of mud pumped 
bears a fixed relation to the volume of motive 
liquid consumed and the pressures of the mud 
and motive liquid are interdependent, and a com 
mon source of motive liquid supplying motive liq 
uid to said hoisting mechanism, rotary table mo 
tor, and mud pump in parallel connection. 

5. A system as described in claim. 4, in which 
the maximum power requirement of the hoisting 
mechanism is approximately equal to the com 
bined power requirements of the rotary table and 
the mud pump, and in which said source of mo 
tive liquid comprises a pump having a motive liq 
uid capacity substantially just sufficient to handle 
either the hoisting mechanism alone or the rotary 
table and mud pump simultaneously. 

6. A system as described in claim 4, in which 
said source of motive liquid comprises a steam 
generator located a sufficient distance from the 
Well to eliminate fire hazard, a steam-driven 
prime mover disposed relatively close to said 
steam generator and connected thereto by a 
steam supply pipe and a motive liquid pump dis 
posed adjacent said prime mover and driven 
thereby, said hydraulic motor-driving said rotary 
table, said hydraulic hoist and said hydraulic mud 
pump being all disposed closely adjacent said well. 

7. A hydraulic well drilling system as described 
in claim 4, in which said source of motive liquid 

... comprises a steam generator, a steam turbine 
connected to said generator, and a centrifugal 
pump directly connected in driven relation with 
said turbine. 

ERBERTE. GRAU. 
JOHN D. CHESNUT. 
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