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1
AUTOMATIC DRILLING SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to automatic drilling sys-
tems and, more particularly, but not by way of limitation, to
an automatic drilling system that controls the release of a
drill string in vertical, directional, and horizonal drilling
operations in response to any one of or any combination of
bit weight, drilling fiuid pressure, drill string torque, and
drill string RPM.

DESCRIPTION OF THE RELATED ART

Typical automatic drillers presently control the drill string
using only bit weight. Such drillers throttle the brake handle
of the cable drum brake in response to decreases in bit
weight to release the drill string support cable and, thus,
lower the drill string. The lowering of the drill string places
additional weight of the drill string on top of the drill bit in
order to increase bit weight back to its desired value. A
driller operator enters a desired bit weight value into the
automatic driller which then compares the desired value to
the actual bit weight measured by a weight indicator. As long
as the actual bit weight remains within the tolerance of the
desired bit weight, the cable drum brake remains engaged,
and the drill string support cable supports the drill string at
its present level. However, once the weight indicator mea-
sures a bit weight that falls outside the desired bit weight
entered into the automatic driller by the drilling rig operator,
the automatic driller manipulates the brake handle to release
the cable drum brake which lowers the drill string cable,
thereby placing more weight of the drill string upon the drill
bit. The cable drum brake remains released until the weight
indicator provides a signal to the automatic driller which
substantially equals the desired bit weight.

Although bit weight automatic drllers function
adequately for completely vertical boreholes, they cease to
operate properly for any type of directional or horizontal
drilling operations. Specifically, once the borehole deviates
from vertical, the weight indicator, which typically mounts
to the drill string cable, no longer measures direct drill string
weight but, instead, measures the drill string weight at an
angle. ‘As a result, the weight indicator supplies to the
automatic driller an erroneous reading of the actual drill
string weight on the drill bit. Consequently, the automatic
driller will fail to properly control the cable drum brake to
release the drill string cable. The drilling operation, there-
fore, does not operate at an optimal efficiency which reduces
the likelihood of successfully completing the borehole as
well as increasing the cost of the entire operation.

Accordingly, a need exists for an automatic driller that not
only operates through bit weight measurements but also
operates in response to other measurements so that direc-
tional or horizontal boreholes may be drilied.

SUMMARY OF THE INVENTION

In accordance with the present invention, an automatic
drilling system controls the drill string of a drilling rig in
response to any one of, any combination of, or all of drilling
fluid pressure, bit weight, drill string torque, and drill string
RPM to automatically release the drill string of the drilling
rig during the drilling of a borehole. The avtomatic driller
includes a drilling fluid pressure sensor, a bit weight sensor,
a drill string torque sensor, and a drill string RPM sensor.
The sensors output signals representing drilling fiuid pres-
sure, bit weight, drill string torque, and drill string RPM to
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2

a drilling fluid pressure regulator, a bit weight regulator, a
drill string torque regulator, and a drill string RPM regulator,
respectively.

The regulators receive their respective signals to measure
changes in those signals and produce an output signal
representative of any changes. Specifically, the drilling fluid
pressure regulator measures changes in drilling fluid pres-
sure and outputs a signal representing those changes. The bit
weight regulator measures changes in bit weight and outputs
a signal representing those changes. The drill string torque
regulator measures changes in drill string torque and output
a signal representing those changes. The drill string RPM
regulator measures changes in drill string RPM and outputs
a signal representing those changes.

Each of the regulators attaches to a relay which is respon-
sive to that regulators output signal to supply a drill string
control signal to a drill string controller. The relays connect
in series so that all the regulators may be utilized concur-
rently to provide a drill string control signal to the drill string
controller via their respective relays. Furthermore, the relays
attach to relay selectors which switch the relays on and off
to permit an operator of the automatic driller to select which
one of or which combination of the regulators are to control
the drilling operation.

The drill string controller attaches to the relays to receive
a drill string control signal from the regulator or regulators
controlling the drilling operation. Illustratively, when the
relay connected to the drilling fluid pressure regulator
receives a decrease in drilling fluid pressure signal, it
supplies a drill string control signal that operates the drill
string controller to effect an increase in the rate of release of
the drill string. Conversely, an increase in drilling fluid
pressure results in the relay supplying a drill string control
signal that operates the drill string controller to effect a
decrease in the rate of release of the drill string.

If, however, the relay connected to the bit weight regu-
lator receives a decrease in bit weight signal, it supplies a
drill string control signal that operates the drill string con-
troller to effect an increase in the rate of release of the drill
string. Conversely, an increase in bit weight results in the
relay supplying a drill string control signal that operates the
drill string controller to effect a decrease in the rate of
release of the drill string.

Alternatively, when the relay connected to the drill string
torque regulator receives a decrease in drill string torque
signal, it supplies a drill string control signal that operates
the drill string controller to effect an increase in the rate of
release of the drill string. However, an increase in drill string
torque results in the relay supplying a drill string control
signal that operates the drill string controller to effect a
decrease in the rate of release of the drill string.

Finally, if the relay connected the drill string RPM regu-
lator receives an increase in drill string RPM signal, it
supplies a drill string control signal that operates the drill
string controller to effect an increase in the rate of release of
the drill string. Conversely, a decrease in drill string RPM
results in the relay supplying a drill string control signal that
operates the drill string controller to effect a decrease in the
rate of release of the drill string.

It is, therefore, an object of the present invention to
provide an automatic driller capable of automatically con-
trolling the release the drill string of a drilling rig in response
to changes in any one of, any combination of, or all of
drilling fluid pressure, bit weight, drill string torque, and
drill string RPM.

Still other objects, features, and advantages of the present

National Oilwell Varco, LP
Exhibit 2001
Page 10 of 27



5,474,142

3

invention will become evident to those skilled in the art in
light of the following.

BRIEF DESCRIPTION OF THE DRAWINGS

4

zontal boreholes to be drilled. To drill borehole 86 into
formation 87, rotary table 24 may drive drill string 21 to
rotate drill bit 23, or mud motor 85 may rotate drill bit 23,
or drill string 21 and mud motor 85 may be used in tandem.

FIG. 1is a f e depicti cal drilli .5 However, during a typical drilling operation, mud motor 85
- 115 a Iront view depicting a typical drilling ng drives drill bit 23 only at the directionalization point of
controlled by the automatic drilling system according to the borehole 86 in order to ensure a precise borehole angle,
preferred embodiment of the present invention. while drill string 21 drives drill bit 23 during straight line
FIG. 2 is a schematic diagram depicting the automatic drilling.
drilling system according to the preferred embodiment of the 1~ Pump 25 pumps drilling fluid (i.e. mud) into driil string 21
present invention. via drilling fluid line 88, where it travels down drill string 21
: : 85 and drill bit 23. The drilling fluid drives
FIG. 3 is an enlarged view of the pump pressure regulator 0 mud motor ) > Griimg i
of the automatic drilling system depicted in FIG. 2. mud motor 85, provides pressure within drill bit 23 to
FIG. 4 is a front view depicting a pump pressure sensor ?rom borehole 86’
. . . _ 15 .
a‘ccordmg to the preferred embodiment of the present inven Drawworks 22 must adjust drill string 21 vertically along
tion. derrick 20 in order to retain drill bit 23 “on bottom” (i.e. on
FIG. 5 is a front view in partial perspective depicling 2 the bottom of borehole 86) and maintain the progression of
pump fluid pressure sensor U?llled in the automatic drilling borehole 86 through formation 87. As long as drill string 21
system of the present invention. 20 maintains sufficient and constant pressure on drill bit 23,
FIG. 6 is a cross-sectional front view depicting the drill bit 23 will gouge borehole 86 from formation 87 at an
well-head pressure compensation valve according to the optimal rate of penetration chosen based upon the compo-
preferred embodiment of the present invention. sition of formation 87. Rates of penetration vary from as
FIG. 7 is a side view depicting a drill line tension sensor ~ little as four feet per hour to as much as one hundred and
utilized in the automatic drilling system of the present 55 eighty feet per hour. If, however, drawworks 22 did not
invention. adjust drill string 21, drill bit 23 would rise “off bottom” (i.e.
- . : - . - ff the bottom of borehole 86) and the progression of
FIG. 8 is a side view depicting an alternative drill line 0 . .
tension sensor utilized in the automatic drilling system of the borehole 86 through fo‘rmatwn 87 woul{i cease. Accordingly,
; ; brake 32 must be manipulated to permit drum 26 to release
present invention. . . . s o
FIG. 9 i h ic di depicti low fiuid 30 cable 28 and adjust drill string 21, thereby providing the
o. 2 18 a schematic diagram depicung a low flu constant pressure on drill bit 23 required to maintain the
wamning apparatus and cut-off switch utilized in the drill line : .
- - . optimal rate of penetration.
tension sensor illustrated in FIG. 8. . Ao " .
FIG. 10 ; h o di denicii . . To maintain drill bit 23 “on bottom” and, thus, the optimal
-0 a S;: ercrila.mch 1agram ?pg;tillrll'g a pipe rotafut;)ln rate of penetration, automatic driller 33 connects to brake
torque sensor utilized in the automatic drilling system of the 35 handle 208 via cable 207 to regulate the release of cable 28
PfCFISCé“ ‘lriv?““"n-h @ tei Atommati from drum 26. Automatic driller 33 senses when drill bit 23
. 11 1s a schematic diagram depicting an aliernative is “off bottom” and manipulates brake 32 to release cable 28
pipe rotatfioLl torque sensor ugilized in the automatic drilling and lower drill string 21 until drill bit 23 is again “on
system of the present invention. bottom”. Automatic driller 33 determines when drill bit 23
FIG. 12 is a schematic diagram depicting a pipe RPM 4o is “off bottom” by measuring drilling fluid pressure, bit
sensor utilized in the automatic drilling system of the present weight, drill string torque, and drill string revolutions per
invention. minute (RPM). Drilling fluid pressure sensor 34, bit weight
FIG. 13 is a schematic diagram depicting an alternative sensor 35, torque sensor 36, and RPM sensor 37 mount onto
pipe RPM sensor utilized in the automatic drilling system of il drilling rig 20 to provide signals representative of drilling
the present invention. 45 fluid pressure, bit ‘weig‘ht, drill string't.orque, and.d{ill stn'r}g
FIG. 14 is a schematic diagram depicting an alternative RPM to automatic dcriilillller_SS. Afi(%:tlonally,sclingrlirﬁg ﬂ}nd
embodiment of the automatic drilling system configured to pressure gauge 80, string weight gauge 81, strng
control a coil tubing drilling rig torque gauge 82, and drill string RPM gauge 83 mount on
’ drilling rig 10 to register the respective signals produced by
DETAILED DESCRIPTION OF THE 50 drilling3ﬂ6uid preRsls)uIJIe Sensor g;l,fbit v;eiilgitl ls‘enso‘r 35, torque
PREFERRED EMBODIMENTS Atomaty drller 33 iy be programmed to wiltys any o0
i er
FIG. 1 illustrates a typical drilling rig controlled by the of the above measurements, any combination of the above
automatic drilling system of the present invention. Drilling measurements, or all of the above measurements to regulate
rig 10 may be utilized to drill vertical, directional, and s5 brake 32 and, thus, the position of drill bit 23 within
horizontal boreholes. Derrick 20 supports drill string 21 borehole 86.
within borehole 86 utilizing drawworks 22. Drawworks 22 As shown in FIG. 4, drilling fluid pressure sensor 34 may
includes drilling cable drum 26 and drilling cable anchor 27 comprise dual rubber boot sensor 100. Dual rubber boot
having drilling cable 28 strung therebetween. Rollers 29 and  sensor 100 comprises blocks 101-106 which fit together
biock 31, thus sspencing dul sing 21 from deric 30, * Lo oy sulable means such @ scrows (0 seoure rubber
> . 0018 and 108 within cavity . Blocks -
Brake 32 controls the release of cable 28 from drum 26 to further secure piston 110 within cavity 109. Dual rubber
gdju?tkthz% vertical position of drill string 21 with respect to boot sensor 100 connects to automatic driller 33 utilizing
errck 2. hydraulic line 111 and hydraulic line connector 112 which
Rotary table 24 drives drill string 21 to rotate drill bit 23, 65 screws within blocks 101 and 104. Safety valve 113 fits

thereby drilling borehole 86. Additionally, drill string 21
includes mud motor 85 which allows directional and hori-

between rubber boot 108 and hydraulic line connector 112 to
remove the drilling fluid pressure signal from automatic

National Oilwell Varco, LP
Exhibit 2001
Page 11 of 27



5,474,142

5
driller 33 if excessive drilling fluid pressure builds up within
drill string 21.

In operation, the drilling fluid contacts rubber boot 107 to
force rubber boot 107 towards cylinder 110. Rubber boot
107 contacts cylinder 110 and forces it against rubber boot
108. In turn, cylinder 110 moves rubber boot 108 to displace
the hydraulic fluid within hydraulic line 111. The pressure
rubber boot 108 applies against the hydraulic fluid within
hydraulic line 111 provides a signal corresponding to the
drilling fluid pressure. Although the surface area of both
sides of cylinder 110 may be equal to provide a one to one
drilling fluid to hydraulic fluid pressure ratio, the surface
area of the end of cylinder 110 contacting rubber boot 108
may be enlarged to provide a reduction in the measured
pressure to actual fluid pressure ratio. Illustratively, the
cylinder surface area ratio could be four to one to provide a
one/fourth reduction between the drilling fluid pressure and
the pressure of the hydraulic fluid within hydraulic line 111.

However, if excess drilling fluid pressure builds up in drill
string 21, safety valve 113 will prevent rubber boot 108 from
generating a signal to automatic driller 33. Specifically,
rubber boot will rise within cavity 109 such that it forces
safety valve 113 over the opening through hydraulic line
connector 112, thereby blocking it. Consequently, rubber
boot 108 will not exert any pressure on the hydraulic fluid
within hydraulic line 111, and automatic driller 33 will not
receive a signal. As a result, automatic driller 33 will not be
damaged from overpressure.

Alternatively, a standard drilling fluid pressure sensor
may be employed. Hlustratively, FIG. § depicts a Martin-
Decker mud pump pressure gauge which may be employed
to supply automatic driller 33 with a signal indicative of
drilling fluid pressure. The Martin-Decker mud pump pres-
sure gauge includes diaphragm 114 which contacts the
drilling fluid to exert a pressure against the hydraulic fluid
within hydraulic line 115, thereby providing automatic
driller 33 with a drilling fluid pressure signal.

FIG. 6 illustrates a wellhead pressure compensation valve
that may be utilized in conjunction with either the drilling
fluid pressure sensor of FIG. 4 or the standard drilling fluid
pressure sensor of FIG. 5. Wellhead pressure compensation
valve 120 provides a drilling fluid pressure signal to auto-
matic driller 33 that incorporates changes in well head
pressure as well as changes in the pressure of the drilling
fluid within drill string 21. Well head pressure compensation
valve 120 comprises enclosure 121 which encloses piston
122, which is cross-shaped in the preferred embodiment.
O-rings 123-126 mount piston 122 within enclosure 121
and, further, divide the inner cavity of enclosure 121 into
four individual cavities 127-130. Cavity 127 communicates
with the hydraulic line 111 or hydraulic line 115, depending
upon which drilling fluid pressure sensor is being used, in
order to apply a drilling fluid pressure signal against piston
122. Cavity 130 communicates with the output of a pressure
sensors mounted at the wellhead to apply a hydraulically
conveyed wellhead pressure signal to piston 122. The pres-
sure sensor at the wellhead may be of a type similar to those
depicted in FIGS. 4 and 5. Air fills cavity 128 to allow the
motion of piston 122 within enclosure 121, while hydraulic
fluid fills cavity 129 to provide a hydraulic pressure signal
to automatic driller 33 via hydraulic line 131. That hydraulic
pressure signal corresponds to the difference between the
drilling fluid pressure within drill string 21 and the drilling
fluid pressure at the well head.

In operation, the hydraulic fluid pressure applied against
piston 122 via cavities 127-130 balance against each other
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6

to provide a differential signal output representing changes
in either the drilling fluid pressure within drill string 21 or
at the well head. Illustratively, either an increase in the
drilling fluid pressure within drill string 21 or the decrease
of drilling fluid pressure at the well head will result in an
increase in the pressure of the hydraulic fluid delivered to
automatic driller 33. Alternatively, either a decrease in
drilling fluid pressure within drill string 21 or an increase in
drilling fluid pressure at the well head will result in a
decrease in the hydraulic pressure signal delivered to auto-
matic driller 33.

FIGS. 7 and 8 illustrate two standard weight on bit sensors
that may be utilized to supply a weight on bit signal to
automatic driller 33. Specifically, FIG. 7 depicts a Martin-
Decker clipper weight indicator that mounts onto cable 28 to
provide a hydraulic signal representative of the weight drill
string 21 applies on top of drill bit 23. A hydraulic hose (not
shown) connects clipper weight indicator 142 to automatic
driller 33 to provide auntomatic driller 33 with a hydraulic
representation of the weight drill string 21 applies on bit 23.
That is, cable 28 applies pressure against defection plug 140
which, in turn, applies pressure against diaphragm 141. As
aresult, diaphragm 141 contracts to pressurize the hydraulic
fluid within the hydraulic hose to deliver a hydraulic pres-
sure signal to automatic driller 33.

In FIG. 8, a Martin-Decker anchor weight indicator
implements bit weight sensor 35 to provide the hydraulic
signal to automatic driller 33 representing the weight drill
string 21 applies to drill bit 23. Anchor weight indicator 145
also substitutes for cable drum anchor 27. That is, anchor
weight indicator anchors cable 28 to drilling rig 10 with
drilling cable drum 146. In operation, as the tension on cable
28 varies, arm 147 applies pressure to diaphragm 148 which,
in turn, compresses hydraulic fluid within hydraulic line 149
to supply a hydraulic fluid signal to automatic driller 33 via
hydraulic line 149.

FIG. 10 illustrates a Martin-Decker idler wheel tension
sensor utilized to provide automatic driller 33 with a hydrau-
lic signal indicating drill string torque. Idler wheel tension
sensor 160 is utilized when a power source such as a diesel
engine drives rotary table 24 (See FIG. 1). Idler wheel
tension sensor 160 mounts against drive chain 161 such that
wheel 162 abuts drive chain 161. Thus, as drive chain 161
rotates, wheel 162 rotates to apply downward tension pres-
sure against idler arm 163 which, in turn, applies pressure to
hydraulic cylinder 167, thereby increasing the fluid pressure
within hydraulic fluid line 164. Hydraulic fiuid line 164
connects to automatic driller 33 to provide automatic driller
33 with a hydraulic signal representing drill string torque.

FIG. 11 illustrates a drill string torque sensor utilized
when an electric motor drives rotary table 24 (See. FIG. 1).
Specifically, electrical to pneumatic transducer 165 connects
to electric motor 166. As electric motor 166 operates, it
generates an electrical current that feeds into electrical to
pneumatic transducer 165. Electrical to pneumatic trans-
ducer 165 converts that current signal into a pneumatic
signal which it delivers to automatic driller 33 via pneumatic
hose 168. The pneumatic signal supplied to automatic driller
33 by electrical to pneumatic transducer 165 corresponds to
the torque rotary table 24 applies to drill string 21.

FIG. 12 illustrates a drill string RPM sensor utilized to
provide automatic driller 33 with a signal indicative of drill
string RPM when a power source such as a diesel engine or
electric motor drives rotary table 24 via gear 170. V-belt 171
couples generator 172 to gear shaft 170 to drive generator
172 in unison with gear 170. As a resuli, generator 172
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generates a voltage signal that it supplies to electrical to
pneumatic transducer 173. Electrical to pneumatic trans-
ducer 173 converts that voltage signal to a pneumatic signal
which it then supplies to automatic driller 33 to provide
automatic driller 33 with the RPM of drill string 21.

FIG. 13 illustrates an alternate drill string RPM sensor
which provides automatic driller with a signal representing
drill string RPM when either a diesel engine or electric
motor drives rotary table 24 via gear 170. Proximity switch
174 develops an electrical signal that corresponds to the
speed with which rotary table 24 rotates drill string 21.
Electrical to pneumatic transducer 175 receives that electri-
cal signal and converts it into a pneumatic signal represent-
ing drill string RPM. Electrical to pneumatic transducer 175
connects to automatic driller 33 to provide automatic driller
33 with a pneumatic signal representing drill string RPM.

As shown in FIG. 2, automatic driller 33 comprises
drilling fluid pressure regulator 200, bit weight regulator
201, drill string torque regulator 202, and drill string RPM
regulator 203 which receive the drilling signals developed
by drilling fluid pressure sensor 34, bit weight sensor 35,
drill string torque sensor 36, and drill string RPM sensor 37,
respectively. Automatic driller 33 further comprises air
motor 204 which drives differential gear unit 205. Differ-
ential gear unit 205 manipulates cable reel 206 to raise and
lower brake handle 208 via cable 207, thereby adjusting the
braking force brake 32 applies against drum 26. Regulators
200-203 connect to valves 236-239, respectively, to output
a pneumatic signal to air motor 204 which drives air motor
204 to control brake 32 and, thus, the release of cable 28
from drum 26. Although regulators 200-203 may be used
concurrently to control brake 32, they may also be utilized
individually or in any combination to control the release of
cable 28 from drum 26.

In the preferred embodiment, valves 236-239 are pneu-
matic valves that operate as relays to supply compressed air
to air motor 204. Specifically, valves 236-239 connect in
series to deliver compressed air from an air supply (not
shown) to air motor 204. That is, the air supply delivers the
compressed air to valve 236 through flow regulator 212. Air
pressure gauge 231 registers the air pressure supplied to
valve 236 and displays that value for the automatic driller
operator. Flow regulator 212 functions to limit the pressure

of the compressed air delivered to valve 236 and, thus, the.

maximum rate at which air motor 204 will drive cable reel
206. Flow regulator 212, therefore, determines the maxi-
mum rate at which drill bit 23 could penetrate into formation
87.

Valve selectors 232-235 control which ones of regulators
200-203 control the drilling operation. That is, if all four
regulators are to control the drilling operation, valve selec-
tors 232-235 remain on so that regulators 200-203 control
the delivery of compressed air from their respective valves
236-239. However, if, for example, only drilling fluid
pressure regulator 200 is to control the drilling operation,
valve selector 232 remains switched on while valve selectors
233-235 are switched off. In its on position, valve selector
232 continues to prevent the air supply from delivering
compressed air directly onto diaphragm 240 of valve 236 so
that drilling fluid regulator 200 controls the opening and
closing of valve 236. Conversely, with valve selectors
233-235 switched off, they allow the air supply to deliver
compressed air directly onto diaphragms 241-243 of valves
237-239. As a result, valves 237-239 fully open and func-
tion only to pass the flow of compressed air regulated by
drilling fluid pressure regulator 200. That is, bit weight
regulator 201, drill string torque regulator 202, and drill
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8

string RPM regulator 203 remain off and do not regulate the
supply of compressed air delivered to air motor 204. Valve
selectors 232~235 may be manipulated in any combination
so that any one, any combination, or all of regulators
200-203 regulate the delivery of compressed air to air motor
204.

FIG. 3 depicts an enlarged view of drilling fluid pressure
regulator 200 and will be referenced to provide an illustra-
tion of the use of regulators 200-203 in automatic driller 33.
Specifically, drilling fluid pressure regulator 200 measures
changes in drilling fluid pressure to regulate a drilling
operation. As previously described, valve selector 232
remains on, and valve selectors 233-235 are switched off so
that only drilling fluid pressure regulator 200 regulates the
flow of compressed air from the air supply to air motor 204.
Drilling fluid pressure regulator 200 ensures drill bit 23
progresses through formation 87 at an optimal rate of
penetration by maintaining the drilling fluid within drill
string 21 at an optimal pressure. As long as the drilling fluid
remains at that optimal pressure, drill bit 23 will reside “on
bottom” with sufficient bit weight to drill borehole 86
through formation 87. Drilling fluid pressure regulator 200
regulates drilling fluid pressure by releasing cable 28 from
drum 26 in response to decreases in drilling fluid pressure.
The release of cable lowers drill string 21 to place drill bit
23 “on bottom”. With drill bit 23 “on bottom”, backpressure
created within drill string 21 raises drilling fluid pressure
back to its optimal value. Once drilling fluid pressure
reaches its optimal value, drilling fluid pressure regulator
200 stops the release of cable 28 to end the lowering of drill
string 21.

Drilling fluid pressure regulator 200 includes Bourdon
tube 210 which connects to drilling fluid pressure sensor 34
to sense changes in drilling fluid pressure within drill string
21 and to control valve 236 accordingly. Drilling fluid
pressure regulator 200 further includes flapper 213, adjust-
ing screw 214, plate 215, nozzle 216, spring 230, and safety
shut-down knob 217. Flapper 213 connects to one end of
Bourdon tube 210 with pivot screw 220, while spring 230
connects to plate 215 and flapper 213 in order to provide a
restoring force that maintains flapper 213 near nozzle 216.
Nozzle 216 mounts on plate 215 to deliver variable amounts
of compressed air from the air supply to diaphragm 240 of
valve 236 in response to changes in drilling fluid pressure.
Adjusting screw 214 connects to plate 215 in order to adjust
plate 215 transverse to flapper 213 about pivot screw 225.
That is, adjusting screw 214 swings the top of plate 215 in
an arc about pivot screw 225 to position nozzle 216 either
closer or further from flapper 213. In addition, plate 215
includes pivot pin 224 which provides the pivot point for
flapper 213.

In normal operation, Bourdon tube 210 manipulates flap-
per 213 in response to changes in drilling fluid pressure to
vary the amount of compressed air nozzle 216 delivers to
valve 236. That variable amount of compressed air aiters the
opening of valve 236 and, thus, the force with which the
compressed air drives air motor 204. However, before
drilling fluid regulator 200 will automatically regulate drill-
ing fluid pressure, nozzle 216 and flapper 213 must be
calibrated to supply a driller operator selected amount of
compressed air to valve 236.

To calibrate drilling fluid pressure regulator 200 and
automatically regulate drilling fluid pressure, the drilling rig
operators must first manually manipulate brake 32 to place
drill bit 23 “on bottom”. Once drill bit 23 resides “on
bottom”, the drilling rig operators connect cable 207 to
brake handle 208. Adjustment screw 214 must then be
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adjusted to move nozzle 216 relative to flapper 213 so that
it will deliver compressed air to valve 236. The delivery of
compressed air by nozzle 216 opens valve 236, thereby
allowing the actuation of air motor 204.

10

slowly so that drill string 21 will maintain a bit weight
sufficient to sustain the pressure of the drilling fluid within
drill string 21 at its optimal pressure.

At this point, drill bit 23 should progress through forma-

If adjustment screw 214 and, thus, nozzle 216 remain 5 tion 87 at the optimal rate of penetration. Unfortunately,
unadjusted, drilling fiuid pressure regulator 200 will not even under :)pnmal drilling conditions drill bit 23 will rise
maintain a constant drilling fluid pressure. Specifically, off bottom”, thus requiring drilling fluid pressure regulator
flapper 213 diverts no compressed air into orifice 222, and 200 to readjust the release of cable 28 from drum 26. Any
all the compressed air flowing into nozzle 216 through tme drill bit 2'3. rses even _shghtly off bottom i dnlhr}g
orifice 218 exhausts through nozzle outlet 221. Orifice 222, 10 g;le‘gsgrrgsss‘;;i(;“g;“ Sl‘;l;sfl‘rré;‘g ﬁﬁtdggﬁz:; Enfgh;lgp 31111;2
%&iﬁ%ﬁihif;‘;ﬁ rssiﬁ(i,;%fgr;;iee?nz;;):gezltgsg &?&h‘r,;gfel Bourdon tube 210 with ghyd.ra_ulic signal representir}g that

. . . decrease. Any decrease in drilling fluid pressure registered
2:si§lg0;igl’<ea;; trcl)l(r);(r)riaiﬁ():n;:gc:(liv%o::eq?loerrllltrl);eiisr?lcxin ";1; by Bourdon tube 210 causes it to contract. As Bourdon tube
. A 210 contracts, it drives flapper 213 to the left via its

15 . X
o i e 2 i el I L 235802 comctonto g 21 s ot e 20, s e 21
the drilling rig oper,ator selected amount of air pressure to air moves left at pivot screw ‘220, its center point pivots about
. o . . pin 224 to drive its opposite end towards nozzle outlet 221.
motor _204 50 ﬂ',‘at o.puma'l drilling fluid pressure will be The pivoting of flapper 213 to a position closer to nozzle 216
maintained within drill string 21. oo [Testricts additional compressed air fiow from nozzle outlet

Adjusting screw 214 threadably connects to plate 215 in
order to adjust plate 215 and, thus, nozzle 216 transverse to
flapper 213. As a drilling rig operator tightens adjusting
screw 214, plate 215 pivots from right to left about pivot
screw 225. That is, adjusting screw 214 swings the top of

221 and redirects that compressed air flow into orifice 222.
Orifice 222 delivers the compressed air to the top of dia-
phragm 240, thereby further opening valve 236. With valve
236 opened further, air motor 204 receives an additional
amount of compressed air which increases the speed with

. - . 25
plate 215 in an arc from right to left about pivot screw 225 which it rotates. In response, cable reel 206 raises brake
g)a posu;cig gogzlcetsﬁg g})ose(r)ftgogzpper 3113{; /f’;(S) nal ;ziulll gzndle 208 causling db;ake 2362 to further dé?enzg;ge from drum
pper ClLie w ressed at Z . Consequently, drum 26 releases cable 28 an additional
outlet 221 into orifice 222 which delivers the compressed air amount, thus lowering drill string 21. Drum 26 lowers drill
to valve 236. The diversion of the compressed air into valve 5o String 21 until drill bit 23 again resides “on bottom” so that
233 czig;/es glaphragn;l 2402512W;1ht0100mpr_ess sgnré_gs 226 *" an increase in the pressure of the drilling fluid within drill
an and open valve . The loosening of adjusting string 21 may be effected.
screw 214 ?_10‘_'65 n(i}zlzledi216 'awayf from ﬂappzr 213 to As the drilling fluid pressure returns to its optimal value,
reacllucezgé eliminate the diversion of compressed air mfo drilling fluid pressure sensor 34 registers that increase and
valve - ) 35 supplies Bourdon tube 210 with a hydraulic signal repre-
. The opening of valve 236.a110ws (;ompresged air from the senting that increase. The increasing hydraulic fluid pressure
air supply to flow from cavity 228 into cavity 229 and out  within Bourdon tube 210 causes it to expand and pull flapper
grom vilrve 256 ;?to via;\;e 223397 - The compreszsgg ;Jr then 213 to the right via its connection to flapper 213 at pivot
ows througn valves 23/-239 10 air motor ecause screw 220. With flapper 213 pivoting to the right at pivot
S T i s o B 0 S 20 s e v oot g 24 e
. - opposite end to the left, thereby moving it further from
vates it and begins it rotating. As air motor 204 rotates, nogzle outlet 221. As a result,yoriﬁce %22 delivers less
differential gear unit 205 transfers that motion to cable wheel compressed air over top of diaphragm 240, while nozzle
206 which picks up brake handle 32 via cable 207 to lessen outlet 221 exhausts more compressed air. Consequently,
the braking force brake 32 exerts on drum 26. Consequently, . valve 236 closes slightly to deliver less compressed air to air
drum 26 releases cable 28 to place more weight of drll ~ motor 204 causing it to rotate more slowly. In response,
string 21 on drill bit 23 causing an increase in drilling fluid differential gear unit 205 releases cable reel 206 so that
pressure. brake handle 208 lowers. Differential gear unit 205 includes
A drilling rig operator tightens adjusting screw 214 to a first shaft connected to cable reel 206 and a second shaft
cause the release of drill string 21 until the drilling fluid 53 connected to wheel drum rotation sensor 90 via fiexible shaft
within drill string 21 reaches its desired pressure. Drilling cable 91. Wheel drum rotation sensor 90 senses the rotation
fluid pressure gauge 80 (see FIG. 1) registers and displays of drum 26 and transfers that rotation to the second shaft of
the pressure of the drilling fluid within drill string 21 for the differential gear unit 205 via flexible cable shaft 91. Accord-
drilling rig operator. Accordingly, when drilling fluid pres- ingly, with air motor 204 rotating more slowly than drum 26,
sure gauge 80 registers the desired drilling fluid pressure, the 55 the second shaft speeds up relative to the first shaft resulting
drilling rig operator stops tightening adjusting screw 214. in the first shaft slowing down even further. The slowing
Altemnatively, pneumatic pressure gauge 244 registers and down of the first shaft removes the driving force from cable
gislplays thealpre;s;zre Tﬁf thehcomprcssed air nozzle 216 ;eel (12106,2,%1;5 alotvlvi%g alli to Ensg}ool ;(';131? 207 to lowerbralgg
elivers to valve 236. Thus, when pneumatic pressure gauge andle . With brake handie owered, brake
244 registers the desired compressed air pressure and, thus, ¢p increases its braking of drum 26, resulting in the release of
the desired opening of valve 236, the drilling rig operator cable 28 slowing to its calibrated value.
stops tightening adjusting screw 214. Safety shut-down knob 217 functions to prevent drilling
With adjusting screw 214 no longer being tightened, the fluid pressure regulator 200 from releasing drill string 21
amount of compressed air valve 236 delivers to air motor during either a drilling rig malfunction or dangerous drilling
204 stabilizes to a constant amount. As a result, air motor 65 conditions. As previously described, drilling fluid pressure

204 maintains brake 32 engaged against drum 26 at a
constant force. Consequently, drum 26 will release cable 28

regulator 200 will release drill string 21 when it senses a
decrease in drilling fluid pressure. Unfortunately, not every
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decrease in drilling fluid pressure should result in the release
of drill string 21. For example, if drilling fluid pump 25 stops
pumping, drill string 21 breaks, or drill bit 23 enters a
cavern, drilling fluid pressure will decrease, however, drill-

12

the pivot point for flapper 251.

In normal operation, Bourdon tube 250 manipulates flap-
per 251 in response to changes in bit weight to vary the
amount of compressed air nozzle 254 delivers to valve 237.

ing fluid pressure regulator 200 should not release drill 5 That variable amount of compressed air alters the opening of
string 21. The release of drill string 21 under such conditions  yalye 237 and, thus, the force with which the compressed air
could damage drilling rig 10 or create a situation whete  drives air motor 204. However, before drilling fluid regula-
injury to the drilling rig operators _COUlfi oceur. tor 200 will automatically regulate bit weight, nozzle 254

In the event of a large decr'ease in drilling fluid pressure, and flapper 251 must be calibrated to supply a driller
Saffft)t’ ;g‘it-%%wtn'kn()bdzn PlVOatlS ﬂaPPf_r 21:;3 fro‘é’ notzzée 10 operator selected amount of compressed air to valve 237.
outle . That is, under normal operation, Bourdon tube . . . .

210 pivots flapper 213 towards nozzle 216, thu§ cal'lsing e Tl‘lola::llll;irt at‘i{gxth:veiﬁgt c;fi%llil:lam;i 20; zlzioarlslt‘;;?:ttlcglrls};
nozzle 216 to open valve 236 further. However, if drilling 8 all . gl i brak 32g gl p arill bit 23
fluid pressure drops below an operator set minimum, Bour- manu ”y manipuiate brake 2 to“ place " i &5 on
don tube 210 will push flapper 213 against safety shut-down s b'ottom . Once drill bit 23 resides “on bottom”, the drﬂ_lmg
knob 217. As Bourdon tube 210 pushes flapper 213 against rig operators connect cable 207 to brake handle 208. Adjust-
safety shut-down knob 217, flapper 213 rotates in an arc to ment screw 252 must then be adjusted to move nozzle 254
the right about p%vot screw 220. As a result, the opposite end :glizl\ireetg:&%ax’)lr‘fé gg}vse?’yﬂ?ft ég;gieizlelgzrcg?gf;s;:dz?i
of flapper 213 pivots away from nozzle outlet 221 to allow opens valve ‘237 thereby allowing the actuation of air motor
nozzle outlet 221 to exhaust all the compressed air delivered 20 28 4 v ’ y g
gom the air supply t0 nozzle 2162.11Accggc;ingly& noszle g_‘l',g If‘ adjustment screw 252 and, thus, nozzle 254 remain
elivers no compressed air to valve , and valve adjustment ScT ) > T ren
closes. With valve 236 closed, air motor 204 shuts off tostop ~ Unadjusted, bit weight regulator 201 will not maintain a
g;; l{elease of cable 28 from drum 26, thereby ending the Eﬁﬁf;?‘e‘is‘e’é‘m?ﬁﬁ}é"o Sgsgxgzgllzh f;ﬂpteﬁezcgngrlgsﬁ Zﬁ-
ing operation. , 25 ,
: : : flowing into nozzle 254 through orifice 259 exhausts
h .

utiﬁ;etsi (t)(v)vrl (:EUIZ)IIGa Zéril;;itn;ve;%tétr;ggﬁ.latso; eiioﬁl Carlr;;y Eﬁ through nozzle outlet 261. Orifice 260, therefore, delivers no
v e 201 messesChanges o 1 wegh o SO e oo g 241 it el
regulate th_e rate at which drill bit 23 penetrates form'at}on motor 204 receives no comp;essed air causing brake 3:2 to
87. For bit weight regulator 201 to control the drilling 3q remain eneased. Consequently. drum 26 does not release
operation, valve selector 233 must be switched on, and valve ble 28 ghg h' 1t 9 dril}ll’b' 23 rising “off bottom”
sglect(?rs 232,234, and 235 must be switched off so that onl_y %u: noz;elg. s 4rf1izstsb1;a djusteclitto déllis‘lllelrg thg, drﬂ‘l)utl(;nrllg
bit weight regulator 201 regulates the flow of compressed air o era;tor selected amount of air pressure to air motor 204 so
fromn the air supply to air motor 204. Bit weight regulator thp imal bi ioht will b Pressur d
20 o u;is ani l?t - progressg " thrqug}} f‘ormg‘tlion 87 ﬁt » a;tkc(i)jlzlt;trflng sclztrewv: 12g5; &ieadiig;l :(t):;:ct.s to plate 253 in
an optimal rate of penetration by maintaimng the weight
drill string 21 applies to drill bit 23 at an optimal weight. As ~ order to adjust plate 253 and, thus, nozzle 254 transverse to
long as drill string 21 applies that optimal weight, drilibit23 ~ flapper 251. As a drilling rig operator loosens adjusting
will reside “on bottom” with sufficient bit weight to drill ~ Screw 252, plate 253 pivots from left to right about pivot
borehole 86 through formation 87. Bit weight regulator 201 4o Screw 257. That is, adjusting screw 252 swings the top of
regulates bit weight by releasing cable 28 from drum 26 in plate 253 in an arc from left to right about pivot screw 257
o 0 ek e e e e e ot oo o
rienced by cable 28. The release of cable owers dri P € 110w 01 C
string 21 to place drill bit 23 “on bottom”, thereby reducing outlet 261 into orifice 260 which delivers the compressed air
the hook load weight of cable 28. Drum 26 continues to 45 t© valv§ 237..The diversion of the compressed air ix'lto valve
release cable 28 until the weight drill string 21 applies to 237 drives diaphragm 241 down to COmpress Springs 2_62
drill bit returns to its optimal value. Once the weight drill ~ and 263 and open valve 237. The tightening of adjusting
string 21 applies to drill bit 23 reaches its optimal value, bit ~ screw 252 moves nozzle 254 away from flapper 251 to
weight regulator 201 stops the release of cable 28 to end the fzcllucez ;; eliminate the diversion of compressed air into
lowering of drill string 21. 50 valve .

Bit weight regulator 201 includes Bourdon tube 250 _ The opening of valve 237 allows compressed air from the
which connecis to bit weight sensor 35 to sense changes in & supply to flow from cavity 264 into cavity 265 and out
bit weight and to control valve 237 accordingly. Bit weight from valve 237 into valve 238. Compressed air initially
regulator 201 further includes flapper 251, adjusting screw flows to valve 237 because 'valve selector 232 locks valve
B D ToaBber 25155 alves 238 and 239 1o s motor 204 bocause valves 238 and
connects to one end of Bourdon tube with pivot screw :

256, while spring 255 connects to plate 253 and flapper 251 239 were previously opened by valve selectors 234 and 235.
in order to provide a restoring force that maintains flapper The compressed air entering air motor 204 activates it and
I s 25 o o e B b e e b o W

eliver variable amounts of compressed air from the air 60 U ) 1

supply to diaphragm 241 of valve 237 in response to changes picks up brake handle 32 via cable 207 to lessen the braking
in bit weight. Adjusting screw 252 connects to plate 253 in  force brake 32 exerts on drum 26. Consequently, drum 26
order to adjust plate 253 transverse to flapper 251 about ~ releases cable 28 to place more weight of drill string 21 on
pivot screw 257. That is, adjusting screw 252 swings the top drill bit 23. -

of plate 253 in an arc about pivot screw 257 to position 65 A drilling rig operator loosens adjusting screw 252 to

nozzle 254 either closer or further from flapper 251. In
addition, plate 253 includes pivot pin 258 which provides

cause the release of drill string 21 until drill string 21 resides
on drill bit 23 at the desired weight. Drill string weight gauge
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81 (see FIG. 1) registers and displays the weight drill string
21 applies on top of drill bit 23 for the drilling rig operator.
Accordingly, when drill string weight gauge 81 registers the
desired bit weight, the drilling rig operator stops loosening

14
of drum 26 and transfers that rotation to the second shaft of
differential gear unit 205 via flexible cable shaft 91. Accord-
ingly, with air motor 204 rotating more slowly than drum 26,
the second shaft speeds up relative to the first shaft resulting

adjusting screw 252. Alternatively, pneumatic pressure s in the first shaft slowing down even further. The slowing
gauge 266 registers and displays the pressure of the com- down of the first shaft removes the driving force from cable
pressed air nozzle 254 delivers to valve 237. Thus, when reel 206, thus allowing it to unspool cable 207 to lower brake
pneumatic pressure gauge 266 registers the desired com- handle 208. With brake handle 208 lowered, brake 32
pressed air pressure and, thus, the desired opening of valve increases its braking of drum 26, resulting in the release of
237, the drilling rig operator stops loosening adjusting screw 10 cable 28 slowing to its calibrated value.
252. As shown in FIG. 2, drill string torque regulator 202 may
With adjusting screw 252 no longer being loosened, the be utilized to control a drilling operation. Specifically, drill
amount of compressed air valve 237 delivers to air motor string torque regulator 202 measures changes in drill string
204 stabilizes to a constant amount. As a result, air motor torque to regulate the rate at which drill bit 23 penetrates
204 maintains brake 32 engaged against drum 26 at a . formation 87. For drill string torque regulator 202 to control
constant force. Consequently, drum 26 will release cable 28 the drilling operation, valve selector 234 must be switched
slowly so that drill string 21 will maintain it optimal bit on, and valve selectors 232, 233, and 235 must be switched
weight. off so that only drill string torque regulator 202 regulates the
At this point, drill bit 23 should progress through forma- ﬂolw of cgmpressed air from the air supply to air I.notor. 204.
tion 87 at the optimal rate of penetration. Unfortunately, ;4 Drill string torque regula.tor 202 ensures .dnll bit 23
even under optimal drilling conditions drill bit 23 will rise progresses throug.h ff)rplatlox} 87 . at an optimal ratf‘: of
“off bottom”, thus requiring bit weight regulator 201 to penetration by maintaining drill string torque at an optimal
readjust the release of cable 28 from drum 26. Any time drill level. As long as drill string torque remains at that optimal
bit 23 rises even slightly “off bottom”, the hook load lev'el, drill b.1t 23 will reside “on bottom 'wnh suﬂif:xentlblt
experienced by cable 28 increases. That is, the tension 5 weight to drill borehole 86 through fomatxon 87. Drill string
within cable 28 increases. Bit weight sensor 35 measures torque regulator 202 regplates drill string torque by r.eleas%ng
that increase and supplies Bourdon tube 250 with a hydrau- cable 28 from drum 26 in response to ch.ange§ in drill string
lic signal representing that increase. Any increase in hook torque. The ‘r‘elease of cgble ,28 10v.vers'dn11 ‘s‘tnng 2110 }’)lace
load registered by Bourdon tube 250 causes it to expand. As drill bit 2,3 on bottom”. Wlth dnll' bit ,23 on bottom”, the
Bourdon tube 250 expands, it pulls flapper 251 to the right s torque drill string 21 applies to drxll_ bit ,’{3 increases 10 ¥ts
via its connection to flapper 251 at pivot screw 256. As optfmal value. Onf: ¢ the. torque of drill string 21 reaches its
flapper 251 moves right at pivot screw 256, its center point optimal value, drill string torque re:gulator _202 stops the
pivots about pin 258 to drive its opposite end towards nozzle release of cable 28 to end the lowering of drill string 21.
outlet 261. The pivoting of flapper 251 to a position closer Drill string torque regulator 202 includes Bourdon tube
to nozzle 254 restricts additional compressed air flow from 35 270 which connects to drill string torque sensor 36 to sense
nozzle outlet 261 and redirects that compressed air flow into changes in drill string 21 torque and to control valve 238
orifice 260. Orifice 260 delivers the compressed air to the accordingly. Drill string torque regulator 202 further
top of diaphragm 241, thereby further opening valve 237. includes flapper 271, adjusting screw 272, plate 273, nozzle
With valve 237 opened further, air motor 204 receives an 274, spring 275, and safety shut-down knob 276. Flapper
additional amount of compressed air which increases the 4 271 connects to one end of Bourdon tube 270 with pivot
speed with which it rotates. In response, cable reel 206 raises screw 277, while spring 275 connects to plate 273 and
brake handle 208 causing brake 32 to further disengage from flapper 271 in order to provide a restoring force that main-
drum 26. Consequently, drum 26 releases cable 28 an tains flapper 271 near nozzle 274. Nozzle 274 mounts on
additional amount, thus lowering drill string 21. Drum 26 plate 273 to deliver variable amounts of compressed air from
lowers drill string 21 until drill bit 23 again resides “on 45 the air supply to diaphragm 242 of valve 238 in response to
bottom™ so that an increase in the weight drill string 21 changes in drill string torque. Adjusting screw 272 connects
applies onto drill bit 23 may be effected. to plate 273 in order to adjust plate 273 transverse to flapper
As the weight drill string applies onto drill bit 23 returns 27} about pivot screw 278.. That is, adjusti.ng screw 272
to its optimal value, bit weight sensor 35 registers the Swings Fhe top of plate 2_7 3 in an arc about pivot screw 278
decrease in hook load (i.e. tension) experienced by cable 28 50 to position qqzzle 274 elther' closer or 1'°urther' from ﬂapper
and supplies Bourdon tube 250 with a hydraulic signal 271.‘In addm(_)n, plat.e 273 includes pivot pin 279 which
representing that decrease. The decreasing hydraulic fluid provides the pivot point for flapper 271.
pressure within Bourdon tube 250 causes it to retract and In normal operation, Bourdon tube 270 manipulates flap-
push flapper 251 to the left via its connection to flapper 251 per 271 in response to changes in drill string torque to vary
at pivot screw 256. With flapper 251 pivoting to the left at 55 the amount of compressed air nozzle 274 delivers to valve
pivot screw 256, its center pivots about pin 258 to drive its 238. That variable amount of compressed air alters the
opposite end to the right, thereby moving it further from opening of valve 238 and, thus, the force with which the
nozzle outlet 261. As a result, orifice 260 delivers less compressed air drives air motor 204. However, before drill
compressed air over top of dlaphragm 241’ while nozzle String torque regulator 202 will automatically regulate drill
outlet 261 exhausts more compressed air. Consequently, o String torque, nozzle 274 and flapper 271 must be calibrated
valve 237 closes slightly to deliver less compressed air to air to supply a driller operator selected amount of compressed
motor 204 causing it to rotate more slowly. In respomse, air to valve 238.
differential gear unit 205 releases cable reel 206 so that To calibrate drill string torque regulator 202 so that it
brake handle 208 lowers. Differential gear unit 205 includes automatically regulates drill string torque, the drilling rig
a first shaft connected to cable reel 206 and a second shaft 65 operators must first manuaily manipulate brake 32 to place

connected to wheel drum rotation sensor 90 via flexible shaft
cable 91. Wheel drum rotation sensor 90 senses the rotation

drill bit 23 “on bottom”. Once drill bit 23 resides “on
bottom”, the drilling rig operators connect cable 207 to
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brake handle 208. Adjustment screw 272 must then be
adjusted to move nozzle 274 relative to flapper 271 so that
it will deliver compressed air to valve 238. The delivery of
compressed air by nozzle 274 opens valve 238, thereby
allowing the actuation of air motor 204.

If adjustment screw 272 and, thus, nozzle 274 remain
unadjusted, drill string torque regulator 202 will not main-
tain a constant drill string torque. Specifically, flapper 271
diverts no compressed air into orifice 281, and all the

16

204 maintains brake 32 engaged against drum 26 at a
constant force. Consequently, drum 26 will release cable 28
slowly so that drill string 21 will maintain drill string torque
at its optimal level.

At this point, drill bit 23 should progress through forma-
tion 87 at the optimal rate of penetration. Unfortunately,
even under optimal drilling conditions driil bit 23 will rise
“off bottom”, thus requiring drill string torque regulator 202
to readjust the release of cable 28 from drum 26. Any time
drill bit 23 rises even slightly “off bottom”, the torque drill

compressed air flowing into nozzle 274 through orifice 280 10 " . oo rngig
. string 21 applies to drill bit 23 decreases. Drill string torque
Z:Eiii;snglf:%lghr:szzeg;?zt\lg ?082;) derilaﬁCherZS;; g;r:,ﬁr;; sensor'36 measures tha}t decrease and 'supplies Bourdon‘ tube
sl i valvg 238 romaiiin pclose dp Wi%h alve 238 270 with a hydraulic signal representing that decrease if the
closed. air motor 204 receives rgxo com ;esse d air. causin torque sensor depicted in FIG. 10 is utilized. Alternatively,
brake 3 2 to remain engazed. Conse ue% M drum’ 26 doe% 15 if the torque sensor depicting in FIG. 11 is utilized, Bourdon
) ble 28 EJ%] . lts ; q drill ]}3'3 23 risine “off tube 270 receives a pneumatic signal. In either case, any
got Te ?flsf;',}fa € lw 2; 4 Tesu tsbm & g ;?ng 31 decrease in drill string torque registered by Bourdon tube
dxc-)itltlc')m - AAus, nozzle ] rdnust c a JFSt,e to dellver the 590 cauges it to contract. As Bourdon tube 270 contracts, it
motcl)rrng(r)lélg s?f;;:o; i?n‘;:lte dﬂilm;(t)rl;ﬁt ?orméepix‘?iilslll)l’: 1t1(1)ai2;1: drives flapper 271 to the left via its connection to flapper 271
ined P g torq 5o At pivotscrew 277. As flapper 271 moves left at pivot screw
talZedj;usting screw 272 threadably connects to plate 273 i 273’ s cegter poln: pivots ;tg(;ut pin27910 drive oppo;i;;
: n end towards nozzle outlet 282. The pivoting of flapper
grder toza%uszplatedil? and, thus, nozzle '2'1/14 Uansc\l’_efS‘? 0 to a position closer to nozzle 274 restricts additional com-
apper ~/1. As a Ing rig operator tightens adjusting pressed air flow from nozzle outlet 282 and redirects that
o B o i S e oS o o s 21 O a1 v
- > compressed air to the top of diaphragm 242, thereby er
plate 273 in an arc from right to left about pivot screw 278 opening valve 238. Withpvalve 2%8 o%ened further, air motor
to position nozzle 274 closer to flapper 271. As a result, 204 receives an additional amount of compressed air which
s b e S s e | s W it e g el
Ce 28 np. ree raises brake handle causing brake 32 to er
to valvg 238."1'he diversion of the compressed air into valve 30 disengage from drum 26. Consequently, drum 26 releases
2nd 284 and apen velve 238, The Toosening of adhusing o g addtional amoun,ths lowerng dilsting 21
. Drum 26 lowers drill strin, until drill bit 23 again resides
screw 272 moves nozzle 274 away from flapper 271 o “on bottom™ so that an infrease in the torque drill string 21
rzcliucezgg eliminate the diversion of compressed air into 35 applies to drill bit 23 may be effected.
valve . - . . . -
. . As drill string torque returns to its optimal value, drill
. The opening of valve 238.3110WS E:ompregsed air from the string torque sensor 36 registers that increase and supplies
air supply to flow from cavity 285 into cavity 286 and out  Bourdon tube 270 with either a hydraulic or pneumatic
from valve 238 into valve 239. Compressed air initially signal representing that increase. The increasing hydraulic
flows to valve 238 because valve selectors 232. and 233lock ,, fluid pressure within Bourdon tube 270 causes it to expand
valves 236 and 237 open. The compressed air flows from and pull flapper 271 to the right via its connection to flapper
Vive 223389thr0\1§§1 valves 2351’ to air zin(;tor :104 belcause 271 at pivot screw 277. With flapper 271 pivoting to the right
valves was also previously opened by valve selector at pivot screw 277, its center pivots about pin 279 to drive
235. The compressed air entering air motor 204 activates it jts opposite end to the left, thereby moving it further from
and begins it rotating. As air motor 204 rotates, differential ,; nozzle outlet 282. As a result, orifice 281 delivers less
gear unit 205 transfers that motion to cable reel 206 which compressed air over top of diaphragm 242, while nozzle
picks up brake handle 32 via cable 207 to lessen the braking  outlet 282 exhausts more compressed air. Consequently,
force brake 32 exerts on drum 26. .Consequf:mly,. drum 26 valve 238 closes slightly to deliver less compressed air to air
rel.easc‘:s cable 2_8 to Plflce more weight of drill string 21 on motor 204 causing it to rotate more slowly. In response,
drill bit 23 causing an increase in the amount of torque drill 4 differential gear unit 205 releases cable reel 206 so that
string 21 applies to drill bit 23. brake handle 208 lowers. Differential gear unit 205 includes
A drilling rig operator tightens adjusting screw 272 to a first shaft connected to cable reel 206 and a second shaft
cause the release of drill string 21 until the torque drill string cornmnected to wheel drum rotation sensor 90 via flexible shaft
21 applies to drill bit 23 reaches its desired level. Drill string cable 91. Wheel drum rotation sensor 90 senses the rotation
torque gauge 82 (see FIG. 1) registers and displays drill 55 of drum 26 and transfers that rotation to the second shaft of
string torque for the drilling rig operator. Accordingly, when differential gear unit 205 via flexible cable shaft 91. Accord-
drill string torque gauge 82 registers the desired drill string ingly, with air motor 204 rotating more slowly than drum 26,
torque, the drilling rig operator stops tightening adjusting the second shaft speeds up relative to the first shaft resulting
screw 272. Alternatively, pneumatic pressure gauge 287 in the first shaft slowing down even further. The slowing
registers and displays the pressure of the compressed air ¢y down of the first shaft removes the driving force from cable
nozzle 274 delivers to valve 238. Thus, when pneumatic reel 206, thus allowing it to unspool cable 207 to lower brake
pressure gauge 287 registers the desired compressed air handle 208. With brake handle 208 lowered, brake 32
pressure and, thus, the desired opening of valve 238, the increases its braking of drum 26, resulting in the release of
drilling rig operator stops tightening adjusting screw 272. cable 28 slowing to its calibrated value.
With adjusting screw 272 no longer being tightened, the 65 Safety shut-down knob 276 functions to prevent drill

amount of compressed air valve 238 delivers to air motor
204 stabilizes to a constant amount. As a result, air motor

string torque regulator 202 from releasing drill string 21
during either a drilling rig malfunction or dangerous drilling
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conditions. As previously described, drill string torque regu-
lator 203 will release drill string 21 when it senses a decrease
in drill string torque. Unfortunately, not every decrease in
drill string torque should result in the release of drill string
21. For example, if drill string 21 breaks or drill bit 23 enters
a cavern, drill string torque will decrease, however, drill
string torque regulator 202 should not release drill string 21.
The release of drill string 21 under such conditions could
damage drilling rig 10 or create a situation, such as a
blowout well, where injury to the drilling rig operators could
occur.

In the event of a large decrease in drill string torque,
safety shut-down knob 276 pivots flapper 271 from nozzle
outlet 282. That is, under normal operation, Bourdon tube
270 pivots flapper 271 towards nozzle 274, thus causing
nozzle 274 to open valve 238 further. However, if drill string
torque drops below an operator set minimum, Bourdon tube
270 will push flapper 271 against safety shut-down knob
276. As Bourdon tube 270 pushes flapper 271 against safety
shut-down knob 276, flapper 271 rotates in an arc to the right
about pivot screw 277. As a result, the opposite end of
flapper 271 pivots away from nozzle outlet 282 to allow
nozzle outlet 282 to exhaust all the compressed air delivered
from the air supply to nozzle 274. Accordingly, nozzle 274
delivers no compressed air to valve 238, and valve 238
closes. With valve 238 closed, air motor 204 shuts off to stop
the release of cable 28 from drum 26, thereby ending the
drilling operation.

As shown in FIG. 2, drill string RPM regulator 203 may
be utilized to contro! a drilling operation. Specifically, drill
string RPM regulator 203 measures changes in drill string
RPM to regulate the rate at which drill bit 23 penetrates
formation 87. For drill string RPM regulator 203 to control
the drilling operation, valve selector 235 must be switched
on, and valve selectors 232-234 must be switched off so that
only drill string RPM regulator 203 regulates the flow of
compressed air from the air supply to air motor 204. Drill
string RPM regulator 203 ensures drill bit 23 progresses
through formation 87 at an optimal rate of penetration by
maintaining drill string RPM at an optimal level. As long as
drill string RPM remains at that optimal level, drill bit 23
will reside “on bottom™ with sufficient bit weight to drill
borehole 86 through formation 87. Drill string RPM regu-
lator 203 regulates drill string RPM by releasing cable 28
from drum 26 in response to changes in drill string RPM.
The release of cable 28 lowers drill string 21 to place drill
bit 23 “on bottom”. With drill bit 23 “on bottom”, drill string
RPM decreases to its optimal value. Once the RPM of drill
string 21 reaches its optimal value, drill string RPM regu-
lator 203 stops the release of cable 28 to end the lowering of
drill string 21.

Drill string RPM regulator 203 includes Bourdon tube
290 which connects to drill string RPM sensor 37 to sense
changes in the RPM of drill string 21 and to control valve
239 accordingly. Drill string RPM regulator 203 further
includes flapper 291, adjusting screw 292, plate 293, nozzle
294, spring 295, and safety shut-down knob 296. Flapper
291 connects to one end of Bourdon tube 290 with pivot
screw 297, while spring 295 connects to plate 293 and
flapper 291 in order to provide a restoring force that main-
tains flapper 291 near nozzle 294. Nozzle 294 mounts on
plate 293 to deliver variable amounts of compressed air from
the air supply to diaphragm 243 of valve 239 in responsc to
changes in drill string RPM. Adjusting screw 292 connects
to plate 293 in order to adjust plate 293 transverse to flapper
291 about pivot screw 298. That is, adjusting screw 292
swings the top of plate 293 in an arc about pivot screw 298
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to position nozzle 294 either closer or further from flapper
291. In addition, plate 293 includes pivot pin 299 which
provides the pivot point for flapper 291.

In normal operation, Bourdon tube 290 manipulates flap-
per 291 in response to changes in drill string RPM to vary
the amount of compressed air nozzle 294 delivers to valve
239. That variable amount of compressed air aiters the
opening of valve 239 and, thus, the force with which the
compressed air drives air motor 204. However, before drill
string RPM regulator 203 will automatically regulate drill
string RPM, nozzle 294 and flapper 291 must be calibrated
to supply a driller operator selected amount of compressed
air to valve 239.

To calibrate drill string RPM regulator 203 so that it
automatically regulates drill string RPM, the drilling rig
operators must first manually manipulate brake 32 to place
drill bit 23 “on bottom”. Once drill bit 23 resides “on
bottom”, the drilling rig operators connect cable 207 to
brake handle 208. Adjustment screw 292 must then be
adjusted to move nozzle 294 relative to flapper 291 so that
it will deliver compressed air to valve 239. The delivery of
compressed air by nozzle 294 opens valve 239, thereby
allowing the actuation of air motor 204.

If adjustment screw 292 and, thus, nozzle 294 remain
unadjusted, drill string RPM regulator 203 will not maintain
a constant drill string RPM. Specifically, flapper 291 diverts
no compressed air into orifice 301, and all the compressed
air flowing into nozzle 294 through orifice 300 exhausts
through nozzle outlet 302. Orifice 301, therefore, delivers no
compressed air over top of diaphragm 243 which results in
valve 239 remaining closed. With valve 239 closed, air
motor 204 receives no compressed air, causing brake 32 to
remain engaged. Consequently, drum 26 does not release
cable 28 which results in drill bit 23 rising “off bottom”.
Thus, nozzle 294 must be adjusted to deliver the drilling rig
operator selected amount of air pressure to air motor 204 so
that optimal drill string RPM will be maintained.

Adjusting screw 292 threadably connects to plate 293 in
order to adjust plate 293 and, thus, nozzle 294 transverse to
flapper 291. As a drilling rig operator loosens adjusting
screw 292, plate 293 pivots from left to right about pivot
screw 298. That is, adjusting screw 292 swings the top of
plate 293 in an arc from left to right about pivot screw 298
to position nozzle 294 closer to flapper 291. As a result,
flapper 291 deflects the flow of compressed air from nozzle
outlet 302 into orifice 301 which delivers the compressed air
to valve 239. The diversion of the compressed air into valve
239 drives diaphragm 243 down to compress springs 303
and 304 and open valve 239. The tightening of adjusting
screw 292 moves nozzle 294 away from flapper 291 to
reduce or eliminate the diversion of compressed air into
valve 239.

The opening of valve 239 allows compressed air from the
air supply to flow from cavity 305 into cavity 306 and out
from valve 239 into air motor 204. Compressed air initially
flows to valve 239 because valve selectors 232-234 lock
valves 236-238 open. The compressed air entering air motor
204 activates it and begins it rotating. As air motor 204
rotates, differential gear unit 205 transfers that motion to
cable reel 206 which picks up brake handle 32 via cable 207
to lessen the braking force brake 32 exerts on drum 26.
Consequently, drum 26 releases cable 28 to place more
weight of drill string 21 on drill bit 23 causing a decrease in
the RPM of drill string 21.

A drilling rig operator loosens adjusting screw 292 to
cause the release of drill string 21 until the RPM of drill
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string 21 reaches its desired level. Drill string RPM gauge 83
(see FIG. 1) registers and displays drill string RPM for the
drilling rig operator. Accordingly, when drill string RPM
gauge 83 registers the desired drill string RPM, the drilling
rig operator stops loosening adjusting screw 292. Altemna-
tively, pneumatic pressure gauge 287 registers and displays
the pressure of the compressed air nozzle 294 delivers to
valve 239. Thus, when pneumatic pressure gauge 287 reg-
isters the desired compressed air pressure and, thus, the
desired opening of valve 239, the drilling rig operator stops
loosening adjusting screw 292.

With adjusting screw 292 no longer being loosened, the
amount of compressed air valve 239 delivers to air motor
204 stabilizes to a constant amount. As a result, air motor
204 maintains brake 32 engaged against drum 26 at a
constant force. Consequently, drum 26 will release cable 28
slowly so that the RPM of drill string 21 will maintain its
optimal level.

At this point, drill bit 23 should progress through forma-
tion 87 at the optimal rate of penetration. Unfortunately,
even under optimal drilling conditions drill bit 23 will rise
“off bottom”, thus requiring drill string RPM regulator 203
to readjust the release of cable 28 from drum 26. Any time
drill bit 23 rises even slightly “off bottom”, the RPM of drill
string 21 increases. Drill string RPM sensor 37 measures
that increase and supplies Bourdon tube 290 with a pneu-
matic signal representing that increase. Any increase in drill
string RPM registered by Bourdon tube 290 causes it to
expand. As Bourdon tube 290 expands, it pulls flapper 291
to the right via its connection to flapper 291 at pivot screw
297. As flapper 291 moves right at pivot screw 297, its
center point pivots about pin 299 to drive its opposite end
towards nozzle outlet 302. The pivoting of flapper 291 to a
position closer to nozzle 294 restricts additional compressed
air flow from nozzle outlet 302 and redirects that com-
pressed air flow into orifice 301. Orifice 301 delivers the
compressed air to the top of diaphragm 243, thereby further
opening valve 239. With valve 239 opened further, air motor
204 receives an additional amount of compressed air which
increases the speed with which it rotates. In response, cable
reel 206 raises brake handle 208 causing brake 32 to further
disengage from drum 26. Consequently, drum 26 releases
cable 28 an additional amount, thus lowering drill string 21.
Drum 26 lowers drill string 21 until drill bit 23 again resides
“on bottom” so that an decrease in the RPM of drill string
21 may be effected.

As drill string RPM returns to its optimal value, drill
string RPM sensor 37 registers that decrease and supplies
Bourdon tube 290 with either a pneumatic signal represent-
ing that decrease. The decreasing hydraulic fluid pressure
within Bourdon tube 290 causes it to contract and push
flapper 291 to the left via its connection to flapper 291 at
pivot screw 297. With flapper 291 pivoting to the left at pivot
screw 297, its center pivots about pin 299 to drive its
opposite end to the right, thereby moving it further from
nozzle outlet 302. As a result, orifice 301 delivers less
compressed air over top of diaphragm 243, while nozzle
outlet 302 exhausts more compressed air. Consequently,
valve 239 closes slightly to deliver less compressed air to air
motor 204 causing it to rotate more slowly. In response,
differential gear unit 205 releases cable reel 206 so that
brake handle 208 lowers. Differential gear unit 205 includes
a first shaft connected to cable reel 206 and a second shaft
connected to wheel drum rotation sensor 90 via flexible shaft
cable 91. Wheel drum rotation sensor 90 senses the rotation
of drum 26 and transfers that rotation to the second shaft of
differential gear unit 205 via flexible cable shaft 91. Accord-
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ingly, with air motor 204 rotating more slowly than drum 26,
the second shaft speeds up relative to the first shaft resulting
in the first shaft slowing down even further. The slowing
down of the first shaft removes the driving force from cable
reel 206, thus allowing it to unspool cable 207 to lower brake
handle 208. With brake handle 208 lowered, brake 32
increases its braking of drum 26, resulting in the release of
cable 28 slowing to its calibrated value.

Safety shut-down knob 296 functions to prevent drill
string RPM regulator 203 from releasing drill string 21
during either a drilling rig malfunction or dangerous drilling
conditions. As previously described, drill string RPM regu-
lator 203 will release drill string 21 when it senses an
increase in drill string RPM. Unfortunately, not every
increase in drill string RPM should result in the release of
drill string 21. For example, if drill string 21 breaks or drill
bit 23 enters a cavern, drill string RPM will increase,
however, drill string RPM regulator 202 should not release
drill string 21. The release of drill string 21 under such
conditions could damage drilling rig 10 or create a situation,
such as a blowout well, where injury to the drilling rig
operators could occur.

In the event of a large increase in drill string RPM, safety
shut-down knob 296 pivots flapper 291 from nozzle outlet
302. That is, under normal operation, Bourdon tube 290
pivots flapper 291 towards nozzle 294, thus causing nozzle
294 to open valve 239 further. However, if drill string RPM
increases above an operator set minimum, Bourdon tube 290
will pull flapper 291 against safety shut-down knob 296. As
Bourdon tube 290 pulls flapper 291 against safety shut-down
knob 296, flapper 291 rotates in an arc to the left about pivot
screw 297. As aresult, the opposite end of flapper 291 pivots
away from nozzle outlet 302 to allow nozzle outlet 302 to
exhaust all the compressed air delivered from the air supply
to nozzle 294. Accordingly, nozzle 294 delivers no com-
pressed air to valve 239, and valve 239 closes. With valve
239 closed, air motor 204 shuts off to stop the release of
cable 28 from drum 26, thereby ending the drilling opera-
tion.

Although the operation of each of regulators 200-203 to
control a drilling operation was described individually, regu-
lators 200-203 may be switched on in any combination,
including all of them, to regulate the rate drill bit 23
penetrates into formation 87. However, when more than one
of regulators 200-203 is utilized to control a drilling opera-
tion, one regulator is adjusted to maintain a desired drilling
parameter, while the remaining regulators act as secondary
controls.

Tlustratively, drilling fluid pressure regulator 200 and bit
weight regulator 201 could be switched on while drill string
torque regulator 202 and drill string RPM regulator 203
could be switched off. That is, valve selectors 234 and 235
are switched off to keep valves 238 and 239 open, thereby
maintaining drill string torque regulator 202 and drill string
RPM regulator 203 off, while valve selectors 232 and 233
are switched on to allow drilling fluid pressure regulator 200
and bit weight regulator 201 to control their respective
valves 236 and 237.

In the above control configuration, drilling fluid pressure
regulator 200 could be adjusted to maintain an operator
selected drilling fluid pressure within drill string 21. Addi-
tionally, bit weight regulator 201 would then be adjusted to
a bit weight value higher than the bit weight required to
maintain the operator selected drilling fluid pressure. As a
result, drilling fluid pressure regulator 200 would provide
primary control of the drilling operation, while bit weight
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regulator 201 would provide a secondary control in the event
bit weight decreased significantly without a corresponding
decrease in drilling fluid pressure.

FIG. 9 illustrates a low fluid level warning and shutdown
system utilized with the drilling cable anchor weight indi-
cator depicted in FIG. 8. As previously described, driiling
cable anchor weight indicator 145 employs arm 147 to exert
pressure against diaphragm 148, thus compressing dia-
phragm 148 to apply a force against the hydraulic fluid
within diaphragm 148. Unfortunately, the constant pressure
diaphragm 148 experiences results in its deteriorating to the
point where hydraulic fluid leaks from it. With insufficient
hydraulic fluid, drilling cable anchor weight indicator 145
outputs a value of bit weight which is less than the actual bit
weight. Accordingly, if automatic driller 33 were utilizing
bit weight to control the drilling operation, it would receive
a low bit weight signal and release the drilling cable even
though there already was sufficient bit weight. Conse-
quently, bit weight will increase past acceptable levels,
resulting in, at the minimum, an inefficient drilling opera-
tion, and, at the maximum, a drilling rig malfunction that
destroys equipment or possibly causes drilling rig operator
casualties.

To indicate when diaphragm 148 loses fluid, low fluid
warning and shutdown system 400 mounts onto diaphragm
148. Plates 401 and 402 mount onto diaphragm 148 using
any suitable means such as screws or welding to provide a
base for air valve 403. Low fluid warning and shutdown
system 400 includes valve 404 which acts as a relay. The air
supply (not shown) connects to valve 404 which, in turn,
connects to air flow regulator 212, valve selectors 232-235,
and nozzles 216, 254, 274, and 294. Valve 404 further
connects to air valve 403, which controls diaphragm 405 of
valve 404 in the event of hydraulic fluid loss from dia-
phragm 148. During normal operation, valve 404 remains
open to pass compressed air to automatic driller 33, thereby
allowing normal operation of automatic driller 33 as previ-
ously described.

However, if air valve 403 detects hydraulic fluid loss from
diaphragm 148, it will close valve 404 to shut off automatic
driller 33. Air valve 403 includes an adjustable arm 406
which serves as the sensor to detect low hydraulic fluid level
in diaphragm 148. Air valve 403 receives compressed air
from the air supply at orifice 407. If there is no fluid loss, that
compressed air vents to the atmosphere through an orifice
(not shown). However, if fluid loss occurs, plates 401 and
402 compress arm 406 so that it blocks the venting orifice to
shunt the compressed air out orifice 408. Orifice 408 delivers
the compressed air to valve 404 to close diaphragm 405 and,
thus, valve 404. With valve 404 closed, automatic driller 33
receives no compressed air and turns off to stop the drilling
operation. Additionally, orifice 408 delivers the compressed
air to an air horn which wams the drilling rig operators of the
tow fluid condition in diaphragm 148 of drilling cable
anchor weight indicator 145.

FIG. 14 illustrates a second embodiment of the automatic
driller of the present invention configured to regulate a coil
tubing drilling rig. Coil tubing drilling rig 500 includes only
mud motor 501 to drive drill bit 502. Consequently, drill
string 503 does not rotate, and, thus, the need for a drill
string torque regulator and a drill string RPM regulator is
eliminated. In coil tubing drilling rig 500, drill string 503 is
a flexible steel pipe wound about spool drum 504. Coil
tubing drilling rig 500 includes hydraulically driven motors
505, 506, 510, and 511 which unspool drill string 503 from
spool drum 504 into borehole 507. Chain 508 couples
motors 505 and 506 and chain 512 couples motors 510 and
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511 together so that the motors operate in unison to drive
drill string 503 into borehole 507. Specifically, a hydraulic
power source (not shown) delivers hydraulic fluid to motors
505, 506, 510, and 511 under the control of hydraulic valve
509. As motors 505, 506, 510, and 511 rotate, chains 508 and
512 engage drill string 503 to lower it into borehole 507.
Alternatively, motors 505, 506, 510, and 511 may be driven
in the opposite direction to pull drill string 503 from
borehole 507 and respool it on spool drum 504. Finally, coil
tubing drilling rig 500 includes a drilling fluid pump (not
shown) that supplies the drilling fluid necessary to drive
mud motor 501.

Automatic driller 520 connects to drilling fluid pressure
sensor 521 and bit weight sensor 522 in order to receive
signals representing drilling fluid pressure and bit weight. In
this second embodiment, drilling fluid pressure sensor 521
may be either the sensor depicted in FIG. 4 or the sensor
depicted in FIG. 5, while bit weight sensor 522 may be a
Martin-Decker hydraulic load cell. Alternatively, a pressure
transducer could be substituted for the Martin-Decker
hydraulic load cell. In such a case, the electrical output of the
transducer would be input into an electrical to pneumatic
transducer so that a pneumnatic signal representing bit weight
would be supplied to automatic driller 520.

Automatic driller 520 includes a drilling fluid pressure
regulator (not shown) identical, both in design and opera-
tion, to drilling fluid pressure regulator 200 depicted in FIG.
3. Additionally, if the Martin-Decker hydraulic load cell is
used to measure bit weight, automatic driller 520 includes a
bit weight regulator (not shown) identical, both in design
and operation, to bit weight regulator 201 depicted in FIG.
2. However, if the pressure transducer is used to determine
bit weight, automatic driller 520 includes a bit weight
regulator employing a pneumatic Bourdon tube. Neverthe-
less, the pneumatic output signal from either bit weight
regulator utilized by automatic driller 520 i identical to the
pneumatic output signal of bit weight regulator 201.

The drilling fluid regulator of automatic driller 520
receives the hydraulic signal representing drilling fluid pres-
sure from drilling fluid pressure sensor 521 and converts any
changes in drilling fluid pressure into a pneumatic signal
representing those changes. The drilling fluid pressure regu-
lator outputs its pneumatic signal to valve 523 in order to
regulate diaphragm 524 and, thus, the opening of valve 524.
Similarly, the bit weight regulator of automatic dritler 520
receives the hydraulic or pneumatic signal representing bit
weight from bit weight sensor 521 and converts any changes
in drilling fluid pressure into a pneumatic signal representing
those changes. The bit weight regulator then outputs its
pneumatic signal to valve 525 in order to regulate diaphragm
526 and, thus, the opening of valve 525.

Automatic driller 520 further includes valve selectors 527
and 528 which are identical, both in design and operation, to
valve selectors 232-235 depicted in FIG. 2. That is, valve
selectors 527 and 528 allow the operator of automatic driller
520 to select which regulator will control the drilling opera-
tion or if both regulators are to control the drilling operation
concurrently. Additionally, as in automatic driller 33, the
drilling fluid pressure regulator, the bit weight regulator,
valve selector 527, and valve selector 528 connect to an air
supply to deliver compressed air to their respective valves
523 and 525.

Valves 523 and 525 are similar to valves 236-239 of
automatic driller 33, except that they are pneumatically
operated hydraulic valves utilized to deliver hydraulic fluid
to motors 505, 506, 510, and 511 rather than pneumatic
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valves that deliver compressed air to air motor 204. Thus,
when valves 523 and 525 are open, they deliver hydraulic
fluid from the hydraulic power source to drive motors 505,
506, 510, and 511 and, thus lower drill string 503 into
borehole 507.

24

calibrated value, the bit weight regulator will close valve

525 slightly to maintain drill bit 502 “on bottom” with drill

string 503 applying the optimal weight to drill bit 502.
Although the operation of the drilling fluid pressure

5 regulator and the bit weight regulator to control a drilling
Automatic driller 520 functions to eliminate the need for operation was described individually, both regulator may be
manual control of motors 505, 506, 510, and 511 via switched on to regulate the rate drill bit 502 penetrates into
hydraulic valve 509. That is, if drilling fluid pressure is to be the formation. However, when both regulators are utilized to
utilized to control the drilling operation, valve selector 528 control a drilling operation, one regulator is adjusted to
opens valve 525, and a drilling rig operator adjusts drilling , maintain the desired drilling parameter, while the other
fluid pressure regulator to maintain drill bit 502 “on bot- regulator acts as a secondary control.
tom”. Specifically, once drill bit 502 resides “on bottom”, Specifically, when both the drilling fluid pressure regula-
the drlling rig operator adjusts the adjusting screw of  tor and the bit weight regulator are to control the drilling
drilling fluid pressure regulator to open valve 523 so that the operation, valve selectors 527 and 528 are switched on to
hydraulic power source delivers hydraulic fluid to motors 15 allow the drilling fluid pressure regulator and the bit weight
505, 506, 510, and 511. Consequently, motors 505, 506, 510, ™ regulator to control their respective valves 523 and 525. In
and 511 rotate to place additional weight of drill string 503 the above control configuration, the drilling fluid pressure
onto drill bit 502, resulting in an increase in drilling fluid regulator could be adjusted to maintain an operator selected
pressure within drill string 503. The drilling rig operator drilling fluid pressure within drill string 503. Additionally,
continues to adjust the adjusting screw of the drilling fluid the bit weight regulator would then be adjusted to a bit
pressure regulator until drilling fluid pressure reaches its 20 weight value higher than the bit weight required to maintain
optimal value. After the optimal drilling fluid pressure is the operator selected drilling fluid pressure. As a result, the
reached, the adjustment of the adjusting screw ceases. drilling fluid pressure regulator would provide primary
At this point, the hydraulic power source will deliver control of the drilling operation, while the bit weight regu-
sufficient hydraulic fluid to motors 505, 506, 510, and 511 s0 . lator would provide a secondary control in the event bit
that they will drive drill string 503 to maintain drill bit 502 ~° weight decreased significantly without a corresponding
“on bottom” with the optimal drilling fluid pressure. How- decrease in drilling fluid pressure.
ever, drill bit 502 will invariably rise “off bottom” during Although the present invention has been described in
some point in the drilling of borehole 507. When that occurs, terms of the foregoing embodiments, such description has
the drilling fluid pressure regulator will register the decrease 4o Dbeen for exemplary purposes only, and, as will be apparent
in drilling fluid pressure and open valve 523 further so that to those of ordinary skill in the art, many alternatives,
the hydraulic power source will deliver additional hydraulic equivalents, and variations of varying degrees will fall
fluid to motors 505. 506, 510, and 511. As a result, motors within the scope of the present invention. That scope,
505, 506, 510, and 511 will drive drill string 503 further accordingly, is not to be limited in any respect by the
within borehole 507 to again place drill bit 502 “on bottom” 35 foregoing description, but, rather, it is to be defined only by
with the appropriate drilling fluid pressure. Once the drilling the claims which follow.
fluid pressure returns to its calibrated value, the drilling fluid I claim:
pressure regulator will close valve 523 slightly to maintain 1. An automatic drilling system for automatically regu-
drill bit 502 “on bottom” with the optimal drilling fluid lating the release of the drill string of a drilling rig during the
pressure within drill string 503. 40 drilling of a borehole, comprising:
Alternatively, if bit weight is to be utilized to control the a drilling fluid pressure sensor;
drilling operation, valve selector 527 opens valve 523, and a drilling fluid pressure regulator coupled to said drilling
a drilling rig operator adjusts bit weight regulator to main- fluid pressure sensor, said drilling fluid pressure regu-
tain drill bit 502 “on bottom”. Specifically, once drill bit 502 lator measuring changes in drilling fluid pressure and
resides “on bottom™, the drilling rig operator adjusts the 45 outputting a signal representing those changes;
adjusting screw of bit weight regulator to open valve 525 so a relay coupled to said drilling fluid pressure regulator,
that the hydraulic power source delivers hydraulic fluid to said relay responsive to the output signal of said
motors 505, 506, 510, and 511. Conse;guently, motors 50f5, drilling fluid pressure regulator to supply a dill string
506, 510, and 511 rotate to place additional weight of drill control sienal at hereof:
. 1 v P . gnal at an output thereof; and
string 503 onto drill bit 502. The drilling rig operator s . . . .
continues to adjust the adjusting screw of the bit weight a drill string controller coupled to said relay wherein a
regulator until the weight drill string 503 place upon drill bit decrease in drilling fluid pressure results in said relay
502 reaches its optimal value. After the optimal bit weight supplying a drill string control signal that operates said
is reached, the adjustment of the adjusting screw ceases. drill string controller to effect an increase in the rate of
. . . . . release of said drill string and an increase in drilling
At‘ttns point, 'the pydrauhc power source will deliver 55 fluid pressure results in said relay supplying a drill
sufficient hydraulic fluid to motors 505, 506, 510, and 511 so strine control sienal that te id drll str
hat they will drive drill string 503 to maintain drill bit 502 5 5 operaiss sai Sing
f‘ y . sting . T controller to effect a decrease in the rate of release of
on bottom” with sufficient bit weight. However, drill bit said drill string.
502 “.Iﬂ! invariably risc “off bottom™ during some.poin't in 2. The automatic drilling system according to claim 1,
the drilling of borehole 507. When that occurs, the bit weight 60 further comprisine:
; . e prising:
regulator will register the decrease in bit weight and open . .
valve 525 further so that the hydraulic power source will a bit weight sensor;
deliver additional hydraulic fluid to motors 505, 506, 510, a bit weight regulator coupled to said bit weight sensor,
and 511. As aresult, motors 505, 506, 510 and 511 will drive said bit weight regulator measuring changes in bit
drill string 503 further within borehole 507 to again place 65 weight and outputting a signal representing those

drill bit 502 “on bottom™ with the appropriate weight of drill
string 503 residing on top. Ornce bit weight returns to its

changes;
a relay coupled to said bit weight regulator, said relay
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responsive to the output signal of said bit weight
regulator to supply a drill string control signal at an
output thereof; and

said drill string controller coupled to said relay wherein a
decrease in bit weight results in said relay supplying a
drill string control signal that operates said drill string
controller to effect an increase in the rate of release of
said drill string and an increase in bit weight results in
said relay supplying a drill string control signal that
operates said drill string controller to effect a decrease
in the rate of release of said drill string.

3. The automatic drilling system according to claim 1

further comprising:
a drill string torque sensor;

a drill string torque regulator coupled to said drill string
torque sensor, said drill string torque regulator measur-
ing changes in drill string torque and outputting a signal
representing those changes;

a relay coupled to said drill string torque regulator, said
relay responsive to the output signal of said drill string
torque regulator to supply a drill string control signal at
an output thereof; and

a drill strings controller coupled to said relay wherein a
decrease in drill string torque results in said relay
supplying a drill strings control signal that operates said
drill strings controller to effect an increase in the rate of
release of said drill string and an increase in drill string
torque results in said relay supplying a drill strings
control signal that operates said drill strings controller
to effect a decrease in the rate of release of said drill
string.

4. The automatic drilling system according to claim 1

further comprising:

a drill string RPM sensor;

a drill string RPM regulator coupled to said drill string
RPM sensor, said drill string RPM regulator measuring
changes in drill string RPM and outputting a signal
representing those changes;

a relay coupled to said drill string RPM regulator, said
relay responsive to the output signal of said drill string
RPM regulator to supply a drill strings control signal at
an output thereof; and

a drill strings controller coupled to said relay wherein an
increase in drill string RPM results in said relay sup-
plying a drill strings control signal that operates said
drill strings controller to effect an increase in the rate of
release of said drill string and a decrease in drill string
RPM results in said relay supplying a drill strings
control signal that operates said drill strings controller
to effect a decrease in the rate of release of said drill
string.

5. The automatic drilling system according to claim 1

wherein said drilling fluid pressure regulator, comprises:

a Bourdon tube coupled to said drilling fluid pressure
sensor to measure changes in drilling fluid pressure;

a flapper coupled at one end to said Bourdon tube wherein
said flapper pivots about a pivot point in response to
changes in drilling fluid pressure measured by said
Bourdon tube; and

means responsive to the pivoting of said flapper for
outputting to said relay a signal representative of
changes in drilling fluid pressure.

6. The automatic drilling system according to claim 2

wherein said bit weight regulator, comprises:

a Bourdon tube coupled to said bit weight sensor to
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measure changes in bit weight;

a flapper coupled at one end to said Bourdon tube wherein
said flapper pivots about a pivot point in response to
changes in bit weight measured by said Bourdon tube;
and

means responsive to the pivoting of said flapper for
outputting a signal to said relay representative of
changes in bit weight.
7. The automatic drilling system according to claim 3
wherein said drill string torque regulator, comprises:

a Bourdon tube coupled to said drill string torque sensor
to measure changes in drill string torque;

a flapper coupled at one end to said Bourdon tube wherein
said flapper pivots about a pivot point in response to
changes in drill string torque measured by said Bour-
don tube; and

means responsive to the pivoting of said flapper for
outputting a signal to said relay representative of
changes in drill string torque.
8. The automatic drilling system according to claim 4
wherein said drill string RPM regulator, comprises:

a Bourdon tube coupled to said drill string RPM sensor to
measure changes in drill string RPM;

a flapper coupled at one end to said Bourdon tube wherein
said flapper pivots about a pivot point in response to
changes in drill string RPM measured by said Bourdon
tube; and

means responsive to the pivoting of said flapper for
outputting a signal to said relay representative of
changes in drill string RPM.

9. An automatic drilling system for automatically regu-
lating the releasing of the drill string of a drilling rig during
the drilling of a borehole, comprising:

a drilling fluid pressure sensor;

a bit weight sensor;

a drilling fluid pressure regulator responsive to changes in
drilling fluid pressure for outputting a signal represen-
tative of those changes;

a bit weight regulator responsive to changes in bit weight
for outputting a signal representative of those changes;

a first relay connected to said drilling fluid pressure
regulator, said first relay responsive to the output signal
of said drilling fluid pressure regulator to supply a first
drill string control signal at an output thereof;

a second relay connected to said bit weight regulator, said
first relay responsive to the output signal of said bit
weight regulator to supply a second drill string control
signal at an output thereof;

a relay selector connected to said first and second relay to
select any one of said first drill string control signal,
said second drill string control signal, and both of said
first and second drill string control signals to control the
release of said drill string; and

a drill string controller coupled to said first and second
relays wherein when said first drill string control signal
represents a decrease in drilling fluid pressure, said drill
string controller increases the rate of release of said
drill string and when said first drill string contro} signal
represents an increase in drilling fluid pressure, said
drill string controller increases the rate of release of
said drill string, and further wherein when said second
drill string control signal represents a decrease in bit
weight, said drill string controller decreases the rate of
release of said drill string and when said second drill
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string control signal represents an increase in bit
weight, said drill string controller decreases the rate of
release of said drill string.
10. The automatic drilling system according to claim 9,
further comprising:
a drill string torque sensor;
a drill string RPM sensor;

a drill string torque regulator responsive to changes in
drill string torque for outputting a signal representative

5

28
measuring drill string torque;
producing a signal in response to changes in drill string
torque, said signal representing the changes in drill
string torque; and
relaying said signal to a drill string controller;

controlling said drill string controller to increase the rate
of release of said drill string when said signal repre-
sents a decrease in drill string torque and to decrease
the rate of release of said drill string when said signal

. 10 represents an increase in drill string torque.
Of thos.e changes; . L 13. The method according to claim 11 further comprising
a drill string RPM regulator responsive to changes in drill the steps of:
string RPM for outputting a signal representative of measuring drill string RPM;
those changes; . . . o .
] s . producing a signal in response to changes in drill string
a third relay connected to said drill string torque regulator, 15 RPM, said signal representing the changes in drill
said third relay responsive to the output signal of said string RPM,;
drill string torque regulator to supply a third drill string relaying said signal to a drill string controller; and
control signal at an output thereof; g I . ]
. . controlling said drill string controller to increase the rate
afomh relay connected to said drill string RPM regulator, of release of said drill string when said signal repre-
said fourth relay responsive to the output signal of said 20 sents a increase in drill string RPM and to decrease the
drill string RPM regulator to supply a fourth drill string rate of release of said drill string when said signal
control signal at an output thereof; represents an decrease in drill string RPM.
said relay selector further connected to said third and 14. A method for automatically regulating the release of
fourth relays to select any one of said first, second, ’s the drill string of a drilling rig drill, comprising the steps of:
third, and fourth drill string control signals, a combi- measuring drilling fluid pressure and bit weight;
nauonlof.sal;il first, ;‘Z{fmfi’ thg% and fourtg drlgl ;mng producing a first signal in response to changes in drilling
contro Signals, an o1 sat 1st, second, third, an fluid pressure, said first signal representing the changes
fourth drill string control signals to control the release P : .
e - in drilling fluid pressure;
of said drill string; and . . . o1
id drill st 1 led id third and fourth 30 producing a second signal in response to changes in bit
sar string controller coupled to said third and fourt weight, said second signal representing the changes in
relays wherein when said third drill string control bit weight;
signal represents a decrease in drill string torque, said lecti ’ ¢ said first sienal. said d sienal
drill string controller increases the rate of release of s ec(tiuég ;ny '(c)lng o Sadl _ESt Sign q > Sal al secon 81g1nh,
said drill string and when said third drill string control 15 anl ot ?al . drglt*iilln sat ‘secgn signals to control the
signal represents an increase in drill string torque, said release 0‘ sal st'rmg, and . .
drill string controller decreases the rate of release of relaying said selected signal or signals to a drill string
said drill string, and further wherein when said fourth controller whicfh regulates tpe release. said drill string in
drill string control signal represents a increase in drill response to said selected signal or signals. o
string RPM, said drill string controller increases the 40 15. The method according to claim 14, further comprising
rate of release of said drill string and when said fourth the steps of:
drill string control signal represents a decrease in drill measuring drill string torque and drill string RPM
string RPM, said drill string controller decreases the producing a third signal in response to changes in drill
rate of release of said drill string. string torque, wherein said third signal represents the
11. A method for automatically regulating the release of chanees in drill string torque:
he drill string of a drilling rig drill ising th £ ¥ 8 £ e
the st'nng 0‘ E‘l 11‘1g g » comprising the steps of: producing a fourth signal in response to changes in drill
measuring drilling fluid pressure; string RPM, wherein said fourth signal represents the
producing a signal in response to changes in drilling fluid changes in drill string RPM;
pressure, said signal representing the changes in drill- selecting any one of said first, second, third, and fourth
ing fiuid pressure; 50 signals, a combination of said first, second, third, and
relaying said signal to a drill string controller; and fourth signals, and all of said first, second, third, and
controlling said drill string controller to increase the rate fourth signals to regulate the release of said drill string;
of release of said drill string when said signal repre- and
sents a decrease in drlling fluid pressure and to 5 relaying said selected signal or signals to a drill string

decrease the rate of release of said drill string when said

~ signal represents an increase in drilling fluid pressure.

12. The method according to claim 11 further comprising
the steps of:

controller which regulates the release said drill string in
response to said selected signal or signals.

* ok ok k%
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Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the

2

a relay coupled to said drilling fluid pressure regulator,
said relay responsive to the output signal of said drilling
fluid pressure regulator to supply a drill string control
signal at an output thereof; and

a drill string controller coupled to said relay wherein a
decrease in drilling fluid pressure results in said relay
supplying a drill string control signal that operates said
drill string controller to effect an increase in the rate of
release of said string with direct effect at the drill bit

patent; matter printed in italics indicates additions made 10 associated with the drill string and an increase in drill-

to the patent. ing fluid pressure results in said relay supplying a drill

string control signal that operates said drill string con-

AS A RESULT OF REEXAMINATION’ IT HAS BEEN troller to effect a decrease in the rate of release of said

DETERMINED THAT: drill string with direct effect at the drill bit associated
15

The patentability of claims 14 and 15 is confirmed.

Claims 1 and 11 are determined to be patentable as
amended.

with the drill string.
11. A method for automatically regulating the release of

the drill string of a drilling rig drill kaving a drill bit in
association therewith, comprising the steps of:

measuring drilling fluid pressure;

20 . . . . 11s .
Claims 2-8, 12 and 13, dependent on an amended claim, producing a signal in response to changes in drilling fluid
are determined to be patentable. pressure, said signal representing the changes in drill-
ing fluid pressure;

Claims 9 and 10 were not reexamined. relying said signal to a drill string controller; and
o ) 25 controlling said drill string controller to increase the rate
_ L. An automatic drilling system for automatically regulat- of release of said drill string with direct effect at the drill
ing the release of the drill string of a drilling rig kaving a bit associated with the drill string when said signal
drill bit in association therewith during the drilling of a bore- represents a decrease in drilling fluid pressure and to
hole, comprising: decrease the rate of release of said drill string with
a drilling fluid pressure sensor; 30 direct effect at the drill bit associated with the drill

a drilling fluid pressure regulator coupled to said drilling
fluid pressure sensor, said drilling fluid pressure regula-
tor measuring changes in drilling fluid pressure and
outputting a signal representing those changes;

string when said signal represents an increase in drill-
ing fluid pressure.
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