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to be performed to be particularly described
10 in and by the following statement:—

This invention relates to a computer-
controlled oil drilling rig, or derrick.

The physical structures utilized in the
generation of a hydrocarbon producing well

15 are known in the art. For example, draw-
works have been long utilized in oil drilling
rigs, or derricks, to raise or lower pipe
stands and drill string into and out of the
bore. Tongs are well known for making and

20 breaking joints between pipe stands and the
drill string. United States Patent 3,881,375,
issued to Robert R. Kelly and assigned to
the assignee of the present invention, gener-
ally relates to tongs. Racker arrangements

25 for moving pipe stands from a storage loca-
tion on a “set back” to an operating location
within the derrick are also well-known.
United States Patent 3,501,017, issued to
Noal E. Johnson et al. and United States

30 Patent 3,561,811, issued to John W. Turner,
Jr., both relate generally to well pipe rackers
and are both assigned to the assignee of the
present invention.

Usually, each of the broad functions per-

35 formed by the mentioned structural systems
requires the superintendence of many skil-
led derrick operators. Further, the work is
often ineffeciently performed, adding to the
overall cost of the well. Yet further, even if

40 the work is periodically efficient, it is dif-
ficult to maintain peak operating levels
whereby each operation of the associated
structures mesh so as to maintain the task of
making-up or breaking-out a drill string at a

45 minimum from a time standpoint consistent
with safety of the personnel and the bore.

It is therefore advantageous to provide
each of those structural systems with an
appropriate electronic control system and to

50 utilize a programmed general purpose digi-

tal computer to superintend and sequence
the proper operation of the physical struc-
tures to most efficiently control derrick
operations. It is appreciated that the elimi-
nation of manual control increases the effi- 55
ciency and lowers the cost of well drilling
operations.

By way of particular examples, in the
prior art, the lifting or hoisting of the travel-
ing block and elevator is done by the manual 60
control of the electric motor drive on the
derrick. The lowering motion of the travel-
ing block is normally manually controlled by
a drum brake. The lowering motion of a
loaded traveling block (having a drill string 65
thereon) is done by the manual control of
the drum brake and using an auxiliary brake
which absorbs the potential energy of the
string during lowering. The manual control
of these functions may be inefficient during 70
foul weather or otherwise detrimental envi-
ronments. It would be advantageous to pro-
vide an electronic control system in
cooperative association with a programmed
digital computer to control the lifting and 75
lowering cycles, and specifically the velocity
and position of the traveling block and
elevator.

The loading on the traveling block and
elevator, and specifically the increase in 80
block loading when in the break-out cycle
occassioned by friction in the bore as well as
the decrease in block loading in the make-
up cycle occassioned by an obstruction in
the bore, present problems in the manual 85
control of the derrick. It is therefore advan-
tageous to provide an electronic load sens-
ing arrangement to provide inputs to an
electronic drawworks control to adjust the
velocity and position of the traveling block 90
in response thereto and to recognize poten-
tial dangerous loading conditions on the
block.

According to the present invention there
is provided an automated oil drilling rig 95
comprising; racker means for carrying a
pipe stand between a storage location at the
side of the rig and a location along the verti-
cal axis of the rig for connection or discon-
nection to a drill string; a racker control sys- 100
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tem controlling the operation of the racker
means; tongs for making and breaking joints
between a pipe stand carried by the racker
means and a drill string; a tongs control sys-
5 tem controlling the operation of the tongs; a
drawworks, including a motor and a brake,
for lifting and lowcring a predetecrmined
length of drill string after a joint therein is
made or broken by the tongs; a drawworks

10 control system controlling the operation of
the drawworks; and a general purpose prog-
rammable digital computer associated with
the racker, the tongs and drawworks control
systems for sequentially initiating the opera-

15 tion of the racker means, tongs and draw-
works.

The invention will be more fully under-
stood from the following detailed descrip-
tion of a preferred embodiment thereof,

20 taken in connection with the accompanying
drawings, in which:

Figure 1 is a generalized block diagram
illustrating the interactions between derrick
structure and control systems thercfor and a

25 digital computer in accordance with the
teachings of this invention;

Figure 2 is an illustration of the structural
elements included on an oil derrick, drilling
rig, or and the various structural systems

30 disposed thercon;

igure 3 is a more detailed block diagram
of the drawworks control system embodying
the teachings of this invention;

Figure 4 is a simplified signal diagram

35 illustrating the principles of operation of the
motor and brake control subsystems of a
drawworks control system cmbodying the
teachings of this invention;

Figures S5 and 6 arc more dctailed signal

40 diagrams based upon the signal diagram of
Figure 4 and specifically relating to a brake
control subsystem and to a motor control
subsystem, respectively, each embodying
the teachings of this invention;

45 Figure 7 is a schematic diagram of thc
electronic-to-pnecumatic interface associated
with the drawworks brake actuator;

Figures 8 A and 8B are detailed schematic
diagrams of the brake control subsystem

50 shown in the block diagram Figure 3;

Figures 9A and 9B are detailed schematic
diagrams of the motor control subsystem
shown in the block diagram Figures 3;

Figure 10 is a detailed schematic diagram

55 of the velocity comparator shown in the
block diagram Figure 3;

Figure 11 is a detailed schematic diagram
of the traveling block position and speed
transducer shown in the block diagram Fig-

60 ure 3;

Figure 12A and 12B are detailed schema-
tic diagrams of the elevator load control
subsystem shown in the block diagram Fig-
ure 3;

65 Figure 13 is a detailed schematic diagram

of associated safety networks and override
arrangements embodied by the invention.

Figure 14 is a highly stylized pictorial rep-
resentation, similar to Figure 2, of a power
tong assembly illustrating conventional tong 70
elements and elements associated there-
with;

Figure 14A is a detailed schematic diag-
ram of an electro-hydraulic interface and
disposed in a power tong assembly in accor- 75
dance with Figure 14;

Figure 15 is a block diagram similar to
Figure 3 indicating the interconnection bet-
ween a programmable general purpose digi-
tal computer and the tong control assembly 80
according to this invention;

Figure 16 is a detailed schematic diagram
of an automatic tong control system;

Figures 17A and 17B are timing diagrams
for the automatic tongs control system 85
shown in Figure 16 in the make-up and
break-out cycles, respectively;

Figures 18A and 18B, are, respectively
detailed elevational and top views of a joint
sensor for a power tongs assembly; and, 90

Figure 19 is a definitional diagram of two
commonly used drill pipe configurations
illustrating the structures thereof to assist in
the description of the joint sensor shown in
Figures 18A and 18B. 95

Throughout the following description,
similar reference characters and reference
numerals refer to similar elements in all
Figures of the drawings.

eferring first to Figure 1, a generalized 100
block diagram of a computer controlled oil
drilling rig, or derrick embodying the teach-
ings of this invention is illustrated. Gener-
ally speaking, the derrick includes three
broad structural systems each performing a 105
particular set of functions relating to the
drilling of an oil well, and a control system
related to each structural system to control
the physical actions performed thereby.

The derrick (Figure 2) includes a draw- 110
works structural system 22 having a draw-
works control system 21 associated there-
with. The drawworks systems generally pro-
vide the hoisting (or lifting) and lowering
functions associated with the generation of a 115
well bore. Command signals output from
the drawworks control system 21 are input
to the structural system 22, as diagrammati-
cally illustrated by a line 23, and initiate or
cease the physical actions of elements within 120
the structural system 22. Feedback signals
representative of various physical paramet-
ers associated with each of the structural
elements within the drawworks structural
system 22 are input to the control system 125
21, as illustrated by a line 24.

The derrick also includes a tongs
arrangement (which is described and
claimed in our co-pending Patent Applica-
tion No. 8 001 400 Serial No. 1592 943) 130
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comprising a power tongs structural system
28 having a tong control system 29 associ-
ated therewith. The tong systems generally
provide the make-up or break-out of indi-
5 vidual .pipe stands into or out of a drill
string. Command signals initiating or ceas-
ing the physical actions of structural ele-
ments of the tongs structural system 28 are
input thereto from the tongs control system
10 as 29, as illustrated by a line 30. Feedback
signals representative of various physical
parameters associated with each of the
structural elements within the tongs struc-
tural system 28 are input to the tongs con-

15 trol system 29 as illustrated by a line 31.

Also provided is a racker structural sys-
tem 34 which, in general, provides the struc-
ture necessary for carrying individual pipe
stands from a storage location to a location

20 along the vertical axis of the derrick for
make-up or from the location along the ver-
tical axis of the derrick to the storage loca-
tion during break-out. The storage location
is known in the art as the “set back”. A

25 racker control system 35 is provided, with
control signals being output therefrom to
the structural system 34, as illustrated by a
line 36. Feedback signals from the structural
system 34 are input to the racker control

30 system 35, as illustrated by a line 37.

A general purpose programmable digital
computer 40 is interfaced with each of the
above-mentioned control systems, as illus-
trated diagrammatically by a line 41 (to the

35 drawworks control system 21), a line 42 (to
the power tong control system 29) and a line
43 (to the racker control system 35). Each
of the control systems feed back various
signals to the computer 40, as illustrated by

40 the lines 44, 45, and 46. from the draw-
works control system 21, tongs control sys-
tem 29, and racker control system 35,
respectively. Further, the computer 40
receives direct data input of physical para-

45 meters, as illustrated as by a line 47.

The computer, in accordance with the
programmed instructions, sequentially initi-
ates the operations of various of the struc-

tural systems to perform various physical

50 functions within the derrick. To economize
operating time and maximize efficiency,
control of the systems may be on a time
shared basis, as with control of the draw-
works and racker systems. Any interac-

55 tions between the systems, as between
drawworks and tongs, are through the com-
puter 40.

Referring to Figure 2, shown is an illustra-
tion of the oil drilling rig, or derrick incor-

60 porating the basic rig features and having
thereon the structural elements which are
included in the structural systems outlined
in connection with Figure 1. These struc-
tural systems are in cooperative association

65 with their associated control systems to

initiate and cease the operation of the physi-

cal functions performed by the structural
systems. The derrick is illustrated in simp-
lified form, with various structural supports,
sway bars, and other similar members being 70
omitted for clarity.

The basic derrick structure includes
corner posts 51 and 52 extending substan-
tially upwardly from suitable base members.
The base members are supported on a dril- 75
ling floor 53, the drilling floor 53 being
mounted on the surface of the earth, on an
off-shore drilling platform or on a drill ship.

A rotary table is provided in the floor 53 of
the derrick and provides the rotational 80
energy whereby a drill string, comprised of
end-to-end connected drill pipe stands, may

be advanced toward a hydrocarbon produc-
ing formation. Slips 55 are shown on the
floor 53. When engaged, the slips 55 sup- 85
port the full weight of the drill string
depending therebeneath. In Figure 2, the
upper end of the drill string, or more pre-
cisely, the upper end of the uppermost pipe
stand connected within the drill string, is 90
shown as protruding above the slips 55.
Each upper end of the pipe stand has a dis-
tended joint 56 used in connection with the
tong operation. The programmable general
purpose digital computer 40 may be conve- 95
niently housed in a structure 57 on the floor
53.

The axis of the bore being generated
beneath the floor 53 of the derrick extends
centrally and axially through the derrick. A
racker structural system, generally indicated
by the reference numeral 34, carries indi-
vidual pipe stands between a storage loca-
tion, or “set back”, disposed at the side of
the derrick and a location along the vertical 105
axis thereof. It is along the vertical axis of
the derrick that the drill string is retracted
from or lowered into the bore being gener-
ated. The racker structure 34 includes a lift-
ing head 58, an upper arm 59 with a latch 110
thereon, carriages 60 and 61 for the head 58
and for the arm 59, respectively, and a
racker board 62 for receiving and support-
ing individual pipe stands.

The corner posts 51 and 52 are intercon-
nected with and supported by transverse
supports at various elevations along the der-
rick. The derrick is capped by a water table
65 which supports the usual crown block 66.
Suspended from the crown block 66 by a 120
cable arrangement 67, or reaving, are ele-
ments of the drawworks structural system,
including a traveling block 68. The traveling
block 68 supports a hook structure 70 by
interengaged bales 71. Elevator links are 125
suspended from an ears 73 on the hook
structure 70. The links 72 have an elevator
75 swingably attached at the lower ends
thereof. The elevator 75 is offset below the
traveling block 68 by a predetermined dis- 130
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tancc h. The elevator 75 includes a gripping
arrangement to grasp or release the dis-
tended ends 56 of a pipe stand.

A block retractor arrangement 78 is con-
nected to the traveling block 68 and serves
to retract the traveling block (with depend-
ing elevator 75) away from the vertical axis
of the derrick along which it usually
depends. The retractor 78 includes a car-
riage 79 which is rectilinearly moveable
through a wheeled arrangement along a
substantially vertically extending rctractor
guide track 80. A block position and speed
transducer (B.P.S.T.) 83 is mounted on the
retractor carriage 79 and produces output
fecdback signals representative of the actual
physical position of the traveling block 68
along the track 80. These feedback signals,
as will be seen, arc provided both to the
drawworks control system 21 (Figure 1) and
to the computer 40. The block position
transducer 83 also provides a feedback
signal representative of the velocity at which
the traveling block 68 is moving along the
track 80. Of course, it may bec readily
appreciated that since the elevator 75 is ver-
tically offset by the distance h from the
traveling block 68, the position of the travel-
ing block 68 along the track 80 also indi-
cates the position of the elevator 75 with
respect thereto, and vice versa. And, since
the traveling block 68 and the elevator 75
arc generally extended to move along the
vertical axis of the derrick, the position (ele-
vation), and velocity of the traveling block
68 with respect to the vertical axis of the
derrick 20 may bc accurately monitored by
the block position and speed transducer 83.
The structurc and internal circuitry of the
block position and speed transduccer 83 is sct
forth in full herein. For a purpose more fully
disclosed hercin, upper and lower limit
switches arc provided on the carriage 79.
An upper target 86 and a lower target 87
are provided at predetermined locations on
the retractor guide track 80.

As is the usual practice in the art, the
cable arrangement 67 which supports the
traveling block 68 and structures (including
the elevator 75) depending therefrom are
reaved about the block 66. One end 88 of
the cable arrangecment 67, known as the
“dcad line” in the art, is anchored to the
derrick as illustrated at 89. The second end
90 of the cable arrangement 67, known as
the “fast line” is connected to other ele-
ments included in the drawworks structural
system. More particularly, the fast line 90 is
attached to a spool or drum 91 of the draw-
works. The drum 91 is driven by an electric
motor 92 of any suitable type as diagram-
matically illustrated in Figure 2. For exam-
ple, a motor manufactured by the Elec-
tromotive Division of General Motors, sold
under Model No. D79GB and rated at 800

horse-power for drilling is a typical motor
for a drawworks structural system. Decter-
mination of a motor lies well within the skill
of the art. The motor 92 is provided with a
motor drive 93, such as a THYRIG man-
ufactured by Baylor Company, although any
other motor drive arrangement may be
used. The motor 92 may be wound in any
predetermined configuration to meet the
needs of a particular rig. It is noted, how-
ever; that the motor 92 imparts the energy
whereby the traveling block 68 and the
structures depending therefrom may be
‘moved with respect to the vertical axis of the
derrick 20 from a first predetermined to a
second predetermined elevation. Therefore,
control of the motor drive 93, and in turn, of
the motor 92, effectively controls the veloc-
ity and acceleration of the traveling block 68
as it is lifted from a first to a second eleva-
tion. The drawworks includes a suitable
clutch and gear arrangement thercin.

A drum tachometer 94 is physically
located in adjacency to the spool 91. The
output of the drum tachometer 94 is a feed-
back signal to the drawworks control system
21 representative of the velocity of the spool
91 which signal is directly proportional to
the velocity of the traveling block 68 and
depending structures. Within the dead line
88 is provided a transducer 95 known as the
dead line force semsor (D.L.F.S.). The
transducer 95 provides a feedback signal to
the drawworks control system 21 related to
the physical loading of the structure sup-
ported by the cable arrangement 67. Of
course, the cable arrangement 67 at all
times supports the traveling block 68 and its
depending structures. The unloaded, static
weight of these structures defines a “tare”
weight of the structure supported by the
cable 74 arrangement 67. When the
elevator 75 acquires a load, the D.L.F.S. 95
appropriately reacts. Similarly when the
elevator load is properly relinquished, the
sensor 94 responds accordingly. Yet further,
during movement of a loaded traveling
block 68, frictional or other forces may alter
the load carried by the elevator 75. The
D.L.F.S. 95 therefore provides an accurate
feedback signal as to the instantaneous load-
ing on the elevator 75 of the drawworks
structure. As is generally the case with the
other transducers, other convenient physical
locations therefor may be used to measure
the desired parameters. In addition, any
appropriate means for measuring the
desired parameters may also be utilized, as
is appreciated by those skilled in the art.

Also included within the drawworks
structural system is a brake. The drawworks
brake includes a primary brake the function
of which is to control the velocity and decel-
eration of the drawworks traveling block
(when unloaded) and to stop the motion
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thereof. An auxiliary brake is also provided
within the drawworks structural system to
substantially absorb the potential energy
associated with the lowering of a loaded
5 traveling block. In the particular embodi-
ment of the invention shown in Figure 2, the
primary brake is a drum brake 96, manually
operable by a pivotable lever 97. A spring

98 biases the drum brake 96 into its fully

10 asserted position. The lever 97 may be con-
nected to a brake actuator assembly gener-
ally indicated by the numeral 99. As seen
also in Figure 7, the brake actuator assem-
bly 99 include a cylinder 100 having a piston

15 101 therein. The piston 101 is coupled to
the lever 97. The brake actuator 99 also
includes an electro-to-pneumatic interface
102 (Figure 7) such that the cylinder 100
may be coupled to a suitable supply of pres-

20 surized air or any other fluid such that
introduction of the fluid into the cylinder
100 moves the piston 101 therein which
moves the lever 97 so as to modulate the
force on the brake.

25 As mentioned above, it is known to those
skilled in the art that the secondary brake is
provided to absorb the energy when the
loaded traveling block is moved down-
wardly from an upper to a lower elevation.

30 A manually controlled hydromatic brake
may be used as an auxiliary brake. How-
ever, an electric brake, such as an
ELMAGCO brake sold by Baylor Company
could typically be used. The brake control

35 subsystem of the drawworks control system
21 can be readily interfaced with an auxili-
ary brake by those having skill in the art so
as to provide the desired velocity and decel-
eration control. Final position is ultimately

40 controlled by the drum brake 96.

It is important to note that whatever aux-
iiary brake configuration and actuator
therefor is utilized, the drawworks structure
includes a brake which is controlled by the

45 drawworks control system 21 so that the
desired velocity acceleration of the traveling
block 68 is maintained as it moves from an
upper to a lower final position. Also, the
brake is operable to set and hold a lifted or

50 hoisted load in the upper position. If the
operator deems it necessary to halt the
movement of the physical structures associ-
ated with the drawworks, the operator may
at any time override the electrical signal

55 output from the drawworks control system
by actuating a switch 103 mounted on the
lever 97. The operator may also, at anytime,
override the electrical signal output from
the drawworks control system 21 by depres-

60 sing a push-button switch located in the con-
trol panel 104. The spring 98 may be manu-
ally overridden to release the brake.

The racker structure 34 is operable to
carry a pipe stand from the vertical center-

65 line of the derrick to the set back. In a

make-up cycle, the pipe stand to be added is
stabbed into the already emplaced and con-
nected stands which comprise the drill
string. When joined to the drill string, the
racker structure 34 relinquishes the load to 70
the drawworks, which lowers the string into
position. In a breakout cycle, the drawworks
structure 22 withdraws the drill string, and,

as each pipe stand is disconnected from the
string, the racker structure 34 accepts the 75
load from the drawworks and moves the
pipe stand to a storage location.

The actual connection and disconnection
of pipe stands from the drill string is accom-
plished by the power tongs structure 28 80
under the control of the tongs control sys-
tem 29. Very briefly, the tongs includes a_
backup, which holds the lower pipe element
defining the joint, while a second element of
the tongs — the power driven tong — connects 85
or disconnects a pipe stand to the upper pipe
element. The tongs also includes a lift to
move the associated back — jaws structure at
a predetermined speed to a predetermined
operating elevation with respect to the ver- 90
tical axis of the derrick. The backup and the
jaws usually circumferentially surround the
drill string as it advances in the bore. Put
another way, the vertical axis of the derrick
usually extends through the openings in the 95
backup and jaws of the tongs to facilitate
gripping and disconnection or connection
operations. Until needed, the tongs are
stored in a lowermost storage position.
When it is convenient to do so, the tongs are 100
lifted to a standby position which is proxi-
mate to the elevation at which the distended
joint 56 of the drill string is raised by the
drawworks. To sense the distended joint 56,

a joint sensor 1025 (which is described and 105
claimed in our co-pending Application No.

8 001 399, Serial No. 1592 942) is pro-
vided to contact the exterior of the drill
string as the tongs are moved from the
standby to the operating position. The 110
movement from the standby to the operat-
ing position is at a slower speed, of course,
than the speed at which the tongs are moved
from the storage position to standby posi-
tion.

The details of the structure of the tongs,
the joint sensor and the tongs control system
(including an electrohydraulic interface) is
discussed in detail herein. :

Having defined the elements of the vari- 120
ous structural systems, the operating
sequency thereof during a typical make-up
or break-out cycle is presented, to graphi-
cally illustrate the physical interractions
between the defined structures. Once this is 125
done, a detailed description of each of the
control systems initiating and ceasing the
physical operations performed by the struc-
tural systems is set forth.

In the break-out cycle, the objective is to 130

115
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disassemble the drill string into its con-
stituent pipe stands as the drill string is lifted
from the bore. With the upper end of the
still-attached pipe stand to be next-removed
5 held by the slips at a predetermined eleva-
tion along the vertical axis of the derrick,
the traveling block with the elevator sus-
pended therefrom is lowered under the con-
trol of the drawworks portion of the compu-
10 ter program and under the influence of the
drawworks brake control subsystem which
stops and sets the brakc at an clevation so as
to permit the elevator to accept the pipe
stand. During this period the racker is plac-
15 ing the last-removed pipe stand in a storage
location on the set back, and will eventually
be moved under control of racker portion of
the computer program to a position to
accept the next-removed pipe stand. The
20 drawworks program and racker program
operate on a time-shared basis. The tongs
are in a storage position.

The computer sends an actuating signal to
the elevator load control subsystem which

25 derives its input signals from the dead line
force sensor. A momentary signal output
from the computer samples the weight of
the unloaded traveling block and elevator.
This tare weight is used, as discussed herein,

30 to ascertain thc instantaneous loading on
the traveling block and elevator. The
elevator then accepts the loading of the drill
string, and an output feedback signal to that
effect from the elevator load control subsys-

35 tem is used to coordinate opening of the
slips. The computer outputs a momentary
load sample signal before the velocity of the
loaded elevator is increased. This static or
initial load signal is used, as discussed

40 hercin, when modified by a predetermined
fractional multiplicr, as a basis for determin-
ing whether the instantaneous loading on
the elevator has exceeded a permissible
range of values as selected by an experi-

45 enced drilling operator.

In response to an actuating signal from
the computer, the drawworks motor control
subsystem provides a throttle signal to the
drawworks motor drive to hoist the drill

50 string to a predetermined elevation. It may
be necessary to move the block slightly, or
creep to engage the drawworks clutch. The
drill string is hoisted under the control of the
drawworks motor control subsystem. A

55 logic network operates to release the brake
whenever the hoisting velocity exceeds a
presct threshold value and tends to apply
the brake at hoisting speeds below this
threshold velocity (the drum brake being a

60 self-energizing brake).

The motor control subsystem provides
output signals to the drawworks motor drive
to lift the drill string in a manner which
takes into account the position error (the

65 difference between the actual position and

command position of the drill string being
lifted), a predetermined command velocity
output by the computer, and the dynamic
loading. During the major portion of the
travel the load is hoisted at an uniform vel- 70
ocity equal to the command velocity. As the
predetermined command position is
approached, the hoisting velocity is reduced

in a manner proportional to the position
error. Put another way, the drawworks 75
motor control subsystem responds to posi-
tion and velocity feedback signals input to it
from the block position and speed trans-
ducer and the drum tachometer, respec-
tively, to move the traveling block and 80
elevator to a predetermined command ele-
vation at a predetermined command veloc-

ity output by the computer.

During the hoisting operation, signals
from the elevator load control subsystem 85
are taken into consideration in determining
the magnitude of the output signal to the
drawworks motor. For if the actual loading
on the elevator exceeds the predetermined
value by which actual load may deviate from 90
the static loading, the motor is slowed to
bring the loading into the acceptable limits.

Of course, if the deviation goes beyond a
threshold above even the scaled initial value
range, indicating that the string is caught in 95
the bore, the automated control shuts the
system down and the system reverts to man-
ual control.

As the block is hoisted and approaches
the final position; the motor is stopped and
the brake is set. The brake is applied when
the lifting velocity drops below the pre-
determined threshold mentioned. The
motor is stopped when the position reaches
within some predetermined close distance to
the command elevation. During lifting, if
the block is indicated as moving in the
wrong direction of travel or at a greater than
commanded velocity, the automated sequ-
ence is halted and the system reverts to
manual control.

The block final elevation is selected such
that the height at which the upper end of the
pipe stand to be removed finally stops will
also place the joint between the pipe stand
and ‘the next lower pipe stand at an eleva-
tion for operation by the power tongs. When
the block velocity is sufficiently close to
zero, a zero velocity signal is returned to the
computer. This signal, along with a block
position feedback signal sufficiently close
the the command position signal are neces-
sary conditions before the actuating com-
mand to set the slips to retain the load is
output from the computer. Only with the
slips set and supporting the full load of the
drill string will the elevator relinquish the
pipe stand to the racker structure. As men-
tioned, after racking the previous stand, the
racker is moved back toward the vertical 130
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centerline of derrick, so as to be in a posi-
tion to accept the next pipe stand. The
elevator and block are retracted away from
the vertical centerline of the derrick and
5 drop under the control of the drawworks
brake to be in position to repeat the lifting
sequence.
When the lifting movement started, the
power tongs were in the storage position
10 above the floor of the derrick. After the
elevator had been hoisted above a poten-
tially obstructing position the tongs were
actuated and moved to a standby position.
After the pipe stand has been finally
15 positioned and the slips set, a joint sensor
associated with the tongs controls a slower
lifting movement to bring the tongs into
operating position. When the tongs are
positioned properly with respect to the
20 joint, the motion thereof is halted, and the
joint sensor retracted. The tong backup then
engages the drill string, the tong jaws
engage the pipe stand to be removed, and
the pipe stand is separated therefrom. The
25 racker then begins to store the now-
separated pipe stand, while the tongs are
moved to the storage position. The elevator
then is brought into the elevation along the
central axis of the derrick where it may
30 engage the upper end of the still-attached
pipe stand to be next-removed and the
breakout process repeated.
In the make-up cycle, the objective is to
assemble the drill string from its constituent
35 pipe stands and to lower the string into the
bore. With the upper end of the last-
connected pipe stand supported at a pre-
determined elevation by the slips, the
drawworks motor control subsystem lifts the
40 block and elevator along the vertical axis of
the derrick to a position at which it will
receive a pipe stand from the racker.
The tongs are moved upwardly from the
storage to the standby position at a first,
45 normal, speed. The tongs continue to move
upwardly at a second, slower, speed beyond
the standby position with the joint sensor
extended. When the joint is sensed,
upward motion is halted with the tongs at
50 the operating elevation and the backup is
closed. A pipe stabber is extended to guide
the lower end of the pipe stand being made
up into the threaded connection at the dis-
tended upper end of the drill string. When
55 the pipe is stabbed, the tongs proceed to
make up the joint. Thereafter, the tongs are
lowered to the storage position. The
elevator, at the upper elevation, is raised at
a creep speed to acquire the drill string load.
60 After the elevator load control subsystem
detects that the drill string load is acquired
by the elevator, the slips are raised and the
drill string is hoisted further to disengage
the slips from the drill string. At this time,
65 the rackers, under control of the computer

racker program, proceed to acquire the next
pipe stand and carry it toward the vertical
centerline of the derrick to the racker
standby position. From there the rackers
proceed to the vertical centerline of the der- 70
rick.

In response to command velocity and
command position signals output from the
computer, and utilizing a position feedback
signal from the block position and speed 75
transducer, and a velocity feedback signal
from the drawworks drum tachometer, the
drawworks brake control subsystem super-
vises the lowering of the drill string to a pre-
determined lower elevation. The brake con- 80
trol subsystem outputs control signals to the
drawworks brake actuator so as to maintain
the block velocity near the command veloc-
ity for the major portion of the travel, and to
position the block as close as possible to the 85
command position during the final position
of the travel.

The elevator load control is activated by
the computer and is responsive to a momen-
tary signal to sample the loading of the 90
block and elevator in the unloaded condi-
tion. This signal is used to discern whether
or not the elevator is supporting any of the
drill string load. Also in response to a signal
output from the computer, the loading on 95
the elevator is sampled and held after the
load is acquired but before the downward
velocity thereof is appreciable. This initial
static loading signal is used, when appropri-
ately modified by a predetermined factional 100
multiplier, as the basis for determination as
to whether or not the instantaneous loading
on the elevator has exceeded a permissible
range of loading normally anticipated dur-
ing a lowering operation.

During the lowering operation, the out-
puts to the brake actuator from the brake
control subsystem take into account the
signals relative to loading from the elevator
lIoad control subsystem. If the actual loading 110
is deviating from the initial static condition .
by more than the specified amount, the
drawworks brake control slows the velocity
to bring the loading back to acceptable
limits. If the actual loading is deviating by 115
more than a predetermined threshold below
the scaled static value (indicating that the
bore is obstructed and the drill string unable
to penetrate), then the automated control
sequence is terminated, reverted to manual 120
control, and the system is shut down. Other
interrupt conditions may occur if, during the
lowering operation, an indication that
excessive speed has been reached, or that
the block is moving in a wrong direction of 125
travel.

As the block reaches the command posi-
tion, the differences in the actual position
and velocity from the command position
and velocity are such that the brake is set. 130
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That is, when the block and elevator come
within a predetermined distance of the
command position, the brake is set. Zero
position error and zero velocity are neces-
5 sary conditions which must be met before
the computer sets the slips. With the slips
set, and the weight of the drill string sup-
orted thereby, the elevator surrenders the
oad, and the block and elevator lifted to the

10 upper most position to accept the next-to-be
lowered pipe stand. The process is then
repeated.

The drawworks structural system 22 is the
collection of the structural elements on the

15 derrick which perform all of the physical
acts associated with the lifting or lowering of
the drill string. These structural elements
have been detailed in connection with Fig-
ure 2. :

20 The physical actions performed by the
drawworks structural system 22 are control-
led by an arrangement known as the draw-
works contro! system, indicated by refer-
ence numeral 21 on the general block diag-

25 ram Figure 1 and on the more detailed
drawworks control system block diagram
Figure 3. The computer is interfaced with
the drawworks control system 21 through a
plurality of input and output lines, each of

30 which will be discussed herein. Further, the
drawworks contro! system 21 is input with
various feedback signals representative of
physical quantities associated with the struc-
tural system, such as velocity, position,

35 direction, etc. Through the use of the com-
puter commands and the feedback signals,
the drawworks control system 21 outputs
signals initiating or ceasing the functions
performed by certain structural elements.

40 All inputs and outputs of the drawworks
control 21 to and from the physical struc-
tures with which it is associated will be
detailed herein.

The drawworks control system 21

45 includes several interconnected subsystems,
as follows: the drawworks brake control
subsystem 105; the drawworks motor con-
trol subsystem 106; the drawworks elevator
load control subsystem 107; and the draw-

50 works velocity comparator subsystem 108.
Further, logic 109 is connected within the
drawworks control 21 in cooperative associ-
ation with the brake control subsystem 105
and the motor control subsystem 106.

55 Feedback signals to the drawworks con-
trol system 21 are provided from the block
position and speed transducer (B.P.S.T.) 83,
which specifically provides position feed-
back signals to the brake and motor control

60 subsystems, 105 and 106 respectively. The
block position and speed transducer 83 also
furnishes a velocity feedback signal to the
velocity comparator 108. However, the
primary velocity feedback signal to the

65 drawworks control 21 is the signal from the

drawworks drum tachometer 94 provided to
the velocity comparator 108. The deadline
force sensor (D.L.F.S.) 95 provides feed-
back current signal of 4-20mA to the draw-
works control system 21, particularly to the 70
elevator load control subsystem 107 on-a
line 110. Any of these feedback signals may
be conditioned, recorded or otherwise oper-
ated upon prior to their input to the control
system 21. :

One output from the drawworks control
system 21, specifically from the brake con-
trol subsystem 105, is connected to the
brake actuator 99 which is connected to the
brake. The brake actuator 99 includes the 80
electronic-to-pneumatic interface 102 (dis-
cussed in detail herein) which converts elec-
trical output signals from the brake control
subsystem 105 into pneumatic signals com-
patible with drawworks brake cylinder 100. 85
Another output from the drawworks control  ~
system 21 is connected to the motor drive
93 of the drawworks. For convenience of
operation, various voltage-to-current (as the
converter 274, for example) and current- 90
to-voltage conversions are effected, with the
electronic arrangements for effecting these
conversions being detailed herein.

Input to the drawworks control system 21
are signals from various safety overrides 95
present on the physical structure of the
drawworks. For example, the STOP control
button located on the driller’s console is an
element of an interlocking circuit. When the
STOP button is depressed, it functions to 100
deenergize the AUTO/MANUAL bus. This
bus in input to the motor control subsystem
106 by a line 111. The line 111 connects to a
relay coil 112 and a solenoid coil 113 of a
valve 114. Actuation of the STOP button 105
causes the system to revert from automated
to manual control. By deenergizing the relay
112 the throttle signal from the motor con-
trol subsystem 106 is disconnected from the
motor drive 93, stopping the motor 92. By 110
deenergizing the coil 113 of the valve 114,
the actuator pneumatic signal to the cylinder
100 is disconnected and the cylinder 100 is
vented to the atmosphere, thus applying a
full braking signal.

The electronic arrangement of each of the
recited drawworks control subsystems, the
operation of each, and the interactions bet-
ween them are now discussed.

The drawworks brake and motor control 120
subsystems 105 and 106 are now discussed.
Both the brake control subsystem 105 and
the motor control subsystem 106 receive a
4-20mA analog signal COMMAND POSI-
TION output from channel A of the compu-
ter 40. The COMMAND POSITION signal
is carried by lines 115B and 115M as inputs
to the brake control subsystem 105 and
motor control subsystem 106, respectively.
The magnitude of the COMMAND POSI-
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TION signal is related to the elevation to
which it is desired the traveling block 68 to
be raised or lowered by the motor 92 or
brake under the control of the motor or
5 brake control subsystems. ACTUAL POS-
ITION voltage signals are received from the
block position transducer 83 by the brake
control subsystem 105 and the motor con-
trol subsystems 106, respectively, on lines

10 116B and 116M. The derivation of the posi-
tion signal is discussed in connection with
the block position transducer 83.

Both the brake control subsystem 105
and the motor control subsystem 106

15 receive a 0-10v COMMAND VELOCITY
signal from the velocity comparator 108 on
lines 132B and 132M, respectively. The
magnitude of the COMMAND VELOC-
ITY signal is related to the velocity to which

20 it is desired to lift the traveling block 68 to
the desired elevation. ACTUAL VELOC-
ITY voltage signals, also from the velocity
comparator 108, are input to the brake con-
trol subsystem 105 and the motor control

25 subsystem 106 on the lines 134B and 134M,
respectively. The magnitude of the
ACTUAL VELOCITY signal is function-
ally related to the speed at which the travel-
ing block 68 is moving under the control of

30 the motor or brake. The origin of these
signals will be discussed in connection with
t116e8 description of the velocity comparator

The brake control subsystem 105 and the

35 motor control subsystem 106 each receive
an ACTUAL LOAD voltage signal related
to the actual load on the elevator 75 from
the elevator load control subsystem 107 on
lines 136B and 136M, respectively.

40 Moreover, from the elevator load control
subsystem 107, the brake control subsystem
105 ‘receives an appropriately scaled INI-
TIAL LOAD voltage signal on a line 138B
while an appropriately scaled INITIAL

45 LOAD voltage signal is input to the motor
control subsystem 106 on a line 138M. The
derivation of these load signals is discussed
in connection with the elevator load control
107.

50 Although the interaction of the logic 109,
the brake control subsystem 105 and the
motor control subsystem 106 is set forth in
detail herein, for present purposes it should
be noted that the logic 109 outputs

55 MOTOR RUN voltage signals to the brake
control subsystem 105 and to the motor
control subsystem 106 on lines 140B and

140M, respectively. A BRAKE RUN signal
on a line 142 is output from the logic 109 to

60 the brake control subsystem 105. The logic
109 receives MOTOR MODE SELECT
command on a line 144 from the computer
channel B. The logic 109 receives a
BRAKE SELECT command from the

65 channel C on a line 145. As mentioned ear-

lier, the motor control subsystem 106
receives a signal from the override switch
103 on the line 104. As is more clearly
shown herein, information concerning a
manual override is transmitted from the
motor control subsystem 106 to the brake
control subsystem 105 on a line 147.

Computer channels H and I respectively
output CREEP and CREEP TO ENGAGE
CLUTCH to the motor control subsystem
106 on lines 150 and 151. Upon receipt of a
CREEP signal on the line 150, the motor
control subsystem 106 outputs a signal
CREEP FLIP-FLOP to the brake control
subsystem 105 on a line 152.

The ouput signal from the brake control
subsystem 105 is carried by a line 158 to the
brake actuator 99. The output signal from
the motor control subsystem 106 is carried
by a line 159 to the motor drive 93 (through
a converter 274). In the preferred embodi-
ment-of the invention, both of these output
signals are 4-20mA current signals. In gen-
eral, it may be stated that current signals are
preferred for carrying information over the
longer of the conduction paths used in the
preferred embodiment. Current signals pro-
vide high noise immunity over long cable
runs through electrically noisy environ-
ments.

As alluded to earlier, the AUTO/MAN-
UAL bus is connected to the drawworks
control system 21, and in particular, to the
motor control subsystem 106 by the line
104. The effect of this signal, as discussed in
detail herein, is to isolate the motor and
brake control output signals from their
associated controlled apparatus. The loss of
AUTO/MANUAL bus voltage de-energizes
the coils 112 and 113. The effect of de-
energizing the coil 112 is to interrupt the
motor control output line 159. In the case of
the coil 113, de-energization thereof opens
a brake solenoid valve 114 to disconnect the
brake pneumatic system (Figure 7) from the
cylinder 100.

The brake control subsystem 105 and the
motor control subsystem 106 are basically
similar to each other, at least insofar as to
the basic operating principles. They can,
therefore, be discussed together to illustrate
how each of the above-enumerated inputs
interact to generate brake or motor control
output signals. They differ, of course, in the
implementation thereof due to differences
in technical requirements and functions to
be performed. Preferred embodiments of
each subsystem are discussed herein.

Referring to the simplified block diagram
shown in Figure 4, the six enumerated
inputs utilized in generating an output con-
trol signal from either the brake or motor
control subsystems are: the COMMAND
VELOCITY; the COMMAND POSI-
TION; the ACTUAL VELOCITY; the
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ACTUAL POSITION; the ACTUAL
LOAD; and, thc initial load signal multip-
liecd by a predctermined constant. (This
- last-mentioned signal is symbolized
5 hercinafter by INITIAL LOAD - (Kn),
where N = 1 or 2). In both the motor and the
brake control subsystems, the first two listed
signals are provided by the computer using
certain input rig data, opcratinF conditions,
10 etc. The next-three listed signals are instan-
taneously provided by outputs from the
transducers. The last mentioned input signal
is an appropriately scaled representation of
the initial load on the elevator taken while
15 the elevator is in a relatively static condition.
The scaling factor is selected by an experi-
enced driller to define an acceptable range
within which the instantaneous actual load
may deviate from the static load during dis-
20 placement of the traveling block. It is noted
that the scaling factor K is different for each
subsystem.
In" operation, as scen in Figure 4, the
analog signal representative of the actual
25 position of the traveling block (ACTUAL
OSITION) is subtracted at a differential
amplifier 200 from the analog signal rep-
resentative of the predetermined final posi-
tion sclected by the computer (COM-
30 MAND POSITION). The resulting differ-
" ence, or position error signal Er, taken from
* the output of the differential amplificr at the
node 201 is summed at a summing junction
202 with the ACTUAL VELOCITY signal
35 to define a position error plus velocity
signal, Er+V. The COMMAND VELOC-
ITY signal is input to an amplificr 204 and a
series diode, the combination of which acts
as a limiter to limit the magnitude of the
40 position error signal Er present at the node
201. This effectively results in the mag-
nitude of thc COMMAND VELOCITY
signal establishing a maximum velocity at
which the traveling block is displaced from a
45 first to a sccond predetermined position.
The position error plus velocity signal,
Er+V, together with a signal related to a
load factor Vi, are input to a difference
amplificr 208. At the output 210 of the dif-
50 ference amplifier 208 is a total error signal
Er, from which the output signal of the
motor or brake control subsystem is
derived.
The load factor signal Viris derived from
55 the ACTUAL LOAD and the INITIAL
LOAD - (Kn) signals. These signals are
summed algebraically at the input to an
amplifier 212. If the ACTUAL LOAD
signal dcviates from the initial static
60 clevator load by a fraction greater than the
appropriately sclected scaling constant K,
an output is emitted from the amplificr 212
related to the difference. This output is the
load error, or load factor Vir. An adjustable
65 portion of the load factor signal (adjustable

through the potentiometer Kv) is input to an
amplificr 214, the output of which is applied
as the scaled load factor signal (K1) - (ViF)
to the diffcrence amplifier 208. The effect of
the load factor signal Vir is to change the
total error signal Etin a direction such as to
reduce the drawworks velocity  otherwise
prevailing. Of course, if the load factor
signal Vir is zero (indicating that the actual
load on the elevator during the movement 75
has not exceeded thc allowed range of
deviations from the initial static load) the
total error signal Er is then derived exclu-
sively from the position error plus velocity
signal, Er+V.

The total error signal Et, comprised of the
above-mentioned input factors, is, in effect,
uscd as an input to a closed-loop servo con-
trol system operative to drive the controlled
elements, either the drawworks motor or 85
drawworks brake, in a manner so as to
change the total error signal in a direction
such as to reduce the drawworks velocity
otherwise prevailing. In accordance with
this invention, the total error signal Et is 90
applied as the input to an integrator-
amplificr network 218. When the total error
signal Erreaches zero, the output 220 of the
integrator-amplifier network 218 is constant
and a uniform drawworks velocity is main- 95
tained. The output 220 of the integrator-
amplifier network 218 operates to maintain
the drawworks motor or brake at the veloc-
ity producing the zero total error signal ET.

As may be appreciated, the magnitude of 100
the total error signal Et determines the rate
of change of velocity. The greater the abso-
lute magnitude of ET, the greater is the rate
of change of block velocity — effected either
by increased driving signals to the draw-
works motor or decreased application of the
drawworks brake. The smaller the absolute
magnitude of Er, the smaller is the rate of
change of block velocity — either through
decreased driving signals to the drawworks
motor or increased application of the draw-
works brake. To reiterate, however, the
naturc of the motor and brake control sub-
systems is such that the magnitude of the
total error signal Et tends toward zero. As
the magnitude of the output of the
intcgrator-amplifier network 218 increases,
the motor speeds up (if in motor mode) or
the brake goes on (if in brake mode), as
gxplaincd in connection with Figures 5 and

The load factor Vir tends to change the
total error Etso as to reduce the hoisting or
lowering velocity. The effect of the load fac-
tor Vir is to limit the actual velocity of the
traveling block to a value less than the prog-
rammed command velocity and a value
necessary to maintain the instantaneous
elevator load within the range of limits set
by the factor Kn.
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Having described the general operating
principles behind the drawworks brake and
motor control subsystems, reference is
invited to Figures 5 and 6, which are simp-
lified signal diagrams patterned upon the
signal diagram of Figure 4 and which are
directed toward the brake control subsystem
105 and the motor control subsystem 106,
respectively. Figures 5 and 6 elaborate more
fully upon an operative embodiment of both
the brake and motor control subsystems. In
the Figures, the prevailing polarity at the
designated circuit points are indicated by
reference symbols comprising circled posi-
tive or circled negative signs.

In both Figure 5 (brake) and Figure 6
(motor), those inputs recited in connection
with Figure 4 are, of course, utilized, and
need not be summarized again. In Figure 5,
the position signals are input to the termi-
nals of the differential amplifier 200B, as
shown. The position error signal (Er)s is
adjustable through a potentiometer (Kr)s
and amplified by an amplifier 230B having a
resistor 231B at its output. At the node
201B, the readjusted portion of the position
error signal (Kr)s - (Er)s from the output
of the amiplifier 230B is connected to the
summing junction 202B through a resistor
232B. The ACTUAL VELOCITY signal is
connected through a resistor 233B to the
junction 202B.

The magnitude of the adjusted position
error signal (Er)s - (Kr)s at the node 201B
is limited by the' magnitude of the COM-
MAND VELOCITY signal taken through
the amplifier 204B and the diode 234B. In
effect, the magnitude of the voltage at the
node 201B is equal to the output of the
amplifier 200B (adjusted by (KPS)B) as long
as the adjusted position error is less than the
magnitude of the COMMAND VELOC-
ITY. If the magnitude of the position error
exceeds the magnitude of the COMMAND
VELOCITY signal, it is limited thereby and
the COMMAND VELOCITY signal is
summed at the junction 202B. In this man-
ner a maximum velocity for the lowering
motion of the block is programmed by the
computer. The composite position error
plus velocity signal (Er+V)s (appropriately
limited by the COMMAND VELOCITY if
necessary) is applied to the inverting input
of the difference amplifier 208B.

The non-inverting input to the difference
amplifier 208B is presented with a signal
related to the load factor signal (Vir)s
derived from the load signals input to the
brake control subsystem 105. Note that the
INITIAL LOAD signal input is scaled by a
factor (—Ki), chosen by a skilled well
operator for reasons discussed in connection
with the elevator load control subsystem

.107. The load signals are connected through

resistors 235B and 236B and algebraically

summed at the amplifier 212B. The output
of the amplifier 212B is the basic load factor
signal (VF)s indicative of the magnitude by
which the actual load differs from a pre-
determined fraction K. of the initial static
load. This load factor signal is connected
through a diode 237B to the potentiometer
(Xu)e. The amplifier 214B is connected to
the potentiometer (Kv)s, with the amplifier
output being connected to the difference
amplifier 208B. The voltage value input to
the difference amplifier 208B is, of course,
equal to zero or to the value (Ki)s - (Vip)s.
A zero output signal is present at the amp-
lifier 214 output as long as the ACTUAL
LOAD signal is greater than or equal to the
absolute value of the product of INITIAL
LOAD - (—Ku). However, if the ACTUAL
LOAD signal is less than the absolute value
of the quantity defined, an output signal
equal to the magnitude by which the
ACTUAL LOAD is exceeded is applied to
the potentiometer (Kv)s. This is the basic
load factor signal (Vie)s applied for scaling
by the potentiometer (K1)s.

The total error signal (Et)s at the output
210B of the difference amplifier 208B is
applied to the integrator-amplifier network
218B. The magnitude of the output of the
integrator-amplifier 218B on the line 220B
determines the velocity at which the block is
moved downwardly. In general, the larger
the signal on the line 220, the smaller is the
block velocity. The net braking effort is
proportional to the output signal from the
integrator-amplifier 218B. That is, the smal-
ler the signal on the line 220, the less the
brake is applied, and the faster the block
moves downwardly. The effect of a load fac-
tor signal, if one is present, is to reduce the
velocity of the block. Thus, the block is
limited in its velocity to the lower of the
maximum COMMAND VELOCITY prog-
rammed into the computer (which limits the
signal at the node 202B) or the velocity
level required to maintain the elevator load
at the predetermined factor K of the initial
value.

In the drawworks brake control subsys-
tem the integrator-amplifier network 218B
comprises two parallel conduction paths.
The total error signal (ET)s is split at a node
238B, with an adjustable portion thereof
taken by a potentiometer (Krr)s and input
to an amplifier 239B connected to a resistor
240B. This path improves the overall
dynamic response of the network 218B to
step-changes in the total error signal. The
other parallel branch includes a potentiome-
ter (Kinr)s which presents an adjustable por-
tion of the error signal (ET)s to an integrat-
ing amplifier 241B. The output-of the integ-
rating amplifier 241B is connected to a
resistor 242B and summed at a junction
243B. The signal at the junction 243B is
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input to an amplifier 244B.

The brake control subsystem output
signal at 220B is carricd by a resistor 245B
to a voltage-to-current converter 246B. This

5 network converts the signal output to a cur-
rent for reasons discussed. A negative refer-
ence voltage is applied to the current-to-
voltage converter 246B through a resistor
247B. The reference voltage is summed

10 with the brake signal on the line 220B. The
diffcrence signal (since the polarities are
opposite) is converted to a 20-4mA current
signal and is presented on the line 158 to the
brake actuator 99, which includes an
15 electronic-to-pncumatic interface 102
described in full dctail hereafter. Connected
within the brake actuator 99 is the brake
solenoid valve 114 (Figure 3).
The electronic-to-pneumatic interface
20 102 associated with the brake actuator 99 is
illustrated schematically in Figure 7. As dis-
cussed previously, movement of the
actuator lever 97 against thc bias of the
spring 98 moves the brake (Figurc 2)
25 toward the release position. The lever 97 is
physically connected to the piston cylinder
arrangement such that the introduction of a
pressurized fluid into the cylinder 100
moves the piston 101 and the lever 97
30 attached thercto so as to discngage the

- brake. It is apparent that the force applied
to the brake lever 97 by the piston 101 is
proportional to pressure of the fluid in the
cylinder 100. As discussed immediately

35 above, the output of the voltage-to-current
converter 246B is a current signal the mag-
nitude of which determines the degree to
which the brake is applied. The output line
158, (together with a common line) is con-

40 nected to a current-to-pressure transducer
265. Of course, the output signal on the linc
158 may be operated upon by any suitable
signal conditioners, ramp or delay circuits
or the like, in a manner known to those skil-

45 led in the art.

Dependent upon the magnitude of the
input current signal, the transducer 265
outputs a three-to-fifteen p.s.i. air signal on
a line 266 connected to a high-volume

50 three-to-one booster rclay 267. The output
of the booster relay 267 is applied through a
line 268 to the brake air cylinder 100. The
output of the relay 267 is limited by a reg-
ulator 269 disposed in a line 270 from the

55 supply to the retay 267. Similarly, the out-
put of the transducer 265 is held within pre-
determined limits by a regulator 271 dis-
posed within a line 272 connecting the
downstream side of the regulator 269 to the

60 transducer 265.

Disposed downstream of the booster
relay 267 in the line 268 is the brake sol-
enoid valve 114. In the event of an inter-
rupt, or any other condition resulting in the

65 decnergization of the AUTO/MANUAL

bus, the valve 114 disconnects the booster
267 from the cylinder 100 and vents the
cylinder 100 to atmosphere, thus applying
full braking effort. In connection with the
Figure 7, it is noted that the operator may 70
manually override the brake control subsys-
tem by apply a physically superior force on
the lever 97 in opposition to the force of the
fluid within the cylinder 100. An electrical
override signal applied to the line 104 by 75
actuating of the switch 103 would be a pre-
ferred means of overriding the brake (Fig-
ure 3). The effect of such an override signal
on the motor and brake subsystems is dis-
cussed herein. Similarly, the brake may be 80
released by manually applying a force to
overcome the force of the spring 98.

Shown in Figure 6 is a simplified signal
diagram for the motor control subsystem
106. The operation of the motor control 85
subsystem 106 is very similar to that discus-
sed in connection with the brake control
subsystem 105. The position error signal
(Er)Mm at the output of the differential amp-
lifier 200M (derived from the difference 90
between the COMMAND POSITION and
ACTUAL POSITION signals) is adjustable
through a potentiometer (Kp)v and amp-
lified by the amplifier 230M having a resis-
tor 231IM tied to the output thereof. The 95
adjusted portion of the position error signal
Kr)m - (Ep)m at the output of the amplifier

30M is connected to the summing junction
202M through a resistor 232M. The
ACTUAL VELOCITY signal is connected 100
to the summing junction 202M through a
resistor 233M.

The magnitude of the adjusted position
error signal (Er)m at the node 201M is
limited by the magnitude of the COM- 105
MAND VELOCITY signal taken through
the amplifier 204M and the diode 234M.
The magnitude of the voltage at the node
201M is equal to the output of the differen-
tial amplifier 200M (adjusted by (Ke)m) as 110
long as the adjusted position error is less
than the magnitude of the COMMAND
VELOCITY signal. If the magnitude of the
position error exceeds the magnitude of the
COMMAND VELOCITY signal, it is115
limited thereby and the COMMAND
VELOCITY signal is summed at the sum-
ming junction 202M. The effect of the
above-described arrangement is to effec-
tively limit the maximum velocity of the 120
block while it is being hoisted. This max-
imum velocity is programmable into the
computer and protects the bore from the
detrimental effects of swabbing. The
appropriately limited (if necessary) compo- 125
site position error plus velocity signal
(Er+V)Mis presented to the inverting input
of the difference amplifier 208M.

To the non-inverting input of the differ-
ence amplifier 208M is applied a signal 130
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related to the load factor signal (Vir)m,
derived from the load signals input to the
motor control subsystem 106, including the
ACTUAL LOAD and the INITIAL LOAD
5 scaled by the appropriate factor (—Kz). The
load signals are algebraically summed at the
input of the amphfier 212M. The output of
the amplifier 212M is the basic load factor
signal (Vir)m. It represents the difference
10 between the ACTUAL LOAD and the
INITIAL LOAD multiplied by a factor
(K2). The load factor signal is connected
through a diode 237M to the potentiometer
Kum. The output of the potentiometer
15 %KL mis applied through the amplifier 214M
to the difference amplifier 208M. The vol-
tage applied to the difference amplifier
208M is equal either to zero or the adjusted
load factor (Ki)m - (ViF)m. A zero signal is
20 present at the output of the amplifier 214M
as long as the ACTUAL LOAD signal is
less than or equal to the absolute value of
the INITIAL LOAD signal scaled by a fac-
tor K.. Thus, the actual load may range as
25 high as (INITIAL LOAD) - (K:) without
causing a load factor output. However, if the
ACTLFAL LOAD increases beyond the
INITIAL LOAD multiplied by a factor Ko,
an output signal equal to the difference bet-
30 ween the ACTUAL LOAD and the scaled
INITIAL LOAD is applied to the poten-
tiometer (Ki)m. This load factor output is
suitably scaled by the potentiometer (Kr)m.
The total error signal (Et)m is applied to
35 the integrator-amplifier network 218M. The
magnitude of the output of the integrator-
amplifier network 218M on the line 220
determines the velocity at which the block is
moved upwardly. In general, the larger the
40 signal on the line 220, the greater is the
block velocity and the larger the total error
signal (Et)m, the greater is the rate of
change of velocity. That is, the greater the
total error signal (Et)m, the larger the driv-
ing current input to the motor, and the fas-
ter the block moves upwardly. The load fac-
tor signal, if present, changes the total error
signal so as to reduce the velocity of the
block. The maximum lifting velocity attain-
able is that predetermined by the computer
program. The dynamic loading on the block
is limited by controlling the velocity at
which the block is lifted. This prevents
excessive damage to the bore during hoist-
ing by excessive hydrostatic forces caused by
excessive hoisting velocity.

As in the brake control subsystem, the
integrator-amplifier network 218M in the
motor control subsystem 106 includes first
and second parallel paths. The total error
signal (ET)m is split at the node 238M, with
an adjustable portion thereof taken by a
potentiometer (KrF)m and to the inverting
input of the amplifier 244M. This path
65 improves the overall dynamic response of

45

50

55

60

the integrator-amplifier 218M to step-
changes in the total error signal. The other
parallel branch includes a potentiometer
(Kmvt)m which takes an adjustable portion of
the total error signal and inputs that signal 70
to the integrating amplifier 241. The output

of the integrating amplifier 241M is pre-
sented to the non-inverting input of the
amplifier 244M.

The output 220M of the integrator- 75
amplifier network 218M is applied to a
voltage-to-current converter 246M through
a resistor 245M. A 4-20MA current signal
proportional to the voltage output of the
integrator-amplifier network 218M is con- 80
nected by the line 159 to the motor drive 93,
which drive 93 includes a suitable current-
to-voltage converter 274 discussed herein.
Within the motor control subsystem 106 is
the solenoid relay 112, operable to interrupt 85
the current flow from the converter 246M to
the current-to-voltage converter 274. The
output of the converter 274 is connected to
the motor drive 93.

Within current-to-voltage converter 274, 90
the current signal output on the output line
159 of the motor control subsystem 106 is
applied to a resistor 275 connected at its
opposite end to a negative potential. The
negative potential may be supplied by a 95
reference amplifier network, including a
feedback path around a transistor, in a
manner known to those skilled in the art.
The voltage present across the resistor 275
is applied to the non-inverting input of an 100
amplifier 276 driving a transistor 277 to
define a unity gain voltage follower. The
output voltage signal taken at the emitter of
the transistor 277 is connected to the motor
drive 93 to drive the drawworks motor 92 at 105
a speed related to the. output of the
integrator-amplifier network 218M.

Detailed descriptions of the brake control
subsystem 105, the motor control subsystem
106 and the logic 109 are now set forth.

Referring to Figure 8, the detailed
description of the brake control subsystem
105 is shown. The COMMAND POSITION
signal is input on the line 115B gFiA%ure 3)
and connected through a resistor 284 to the 115
inverting input of the differential amplifier
200B. The ACTUAL POSITION signal is
input on the line 116B and is presented to
the non-inverting input of the differential
amplifier 200B through the resistor 285.120
The non-inverting input is connected
through a resistor 286 to ground potential.
Both the ACTUAL and COMMAND POS-
ITION signals are current signals. They are
each converted to an appropriate voltage for 125
application to the differential amplifier
200B by the resistor arrangement of 287,
288, 289 and 290 connected, as shown, in
pairs between the position input signals and
a negative potential. The output of the diffe- 130

110
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rential amplifier 200B is fed back to the
inverting input through a resistor 291. This
resistor, in combination with the resistor
284, determines the amplifier gain. A
5 capacitor 292 reduces the amplifier’s high-
frequency response. The output is also
taken by a linc 293 to the non-inverting
input of a final position comparator 294,
discussed in more detail herein. The output
10 of the differential amplifier 200B is con-
nccted to the potentiometer (Ke)s. An
adjustable portion of the position error
signal is presented through a resistor 295 to
the non-inverting input of the amplifier
15 230B. The inverting input of the amplifier
230 is connected through a resistor 296 to
the wiper of a potentiometer 297, the high
end of which is tied to a negative potential
through a resistor 298. The purpose of the
20 potentiometer 297 is to set a minimum vel-
ocity. The output of the amplifier 230B is
fed back through a resistor 299 to the invert-
ing input thereof. This, in combination with
the resistor 296, determines the amplifier
25 gain. The output of the amplifier 230B is
tied through the resistor 231B to the node
201B which is also connected to the output
of the amplifier 204B through the diode
239B. The COMMAND VELOCITY
30 signal is input from the line 132B to the
non-inverting input of the amplifier 204B
through the resistor 300. The inverting
input is connected to the output through the
resistor 301 and the diode 239B. This effec-
35 tively fixes the amplifier gain at unity. Since
the output is taken at the junction of the
resistor and the diode, the effects of diode
voltage drop arc climinated. The limiting
effect of the diode 239B in combination
40 with the amplifier 204B on the potential at
thg node 201B has been previously discus-
sed.
The signal at node 201B is connected to
the summing junction 202B through the
45 resistor 232B. At the summing junction the
composite position error plus velocity signal
is formed, as discussed, by the summation of
the adjusted position error signal with a
signal represcentative of the ACTUAL
50 LOCITY taken from the input line 134B
through the resistor 233B. The velocity
signal may be derived from the drum
tachometer 94, or, alternatively, from the
block position transducer 83. The
55 ACTUAL VELOCITY signal is apg)lied to
the inverting input of a comparator 302 by a
line 356, as discussed herein. The signal at
the summing junction 202B is presented to
the inverting input of the difference amp-
60 lifier 208B. The non-inverting input is con-
nected to ground through a resistor 303. As
discussed, however, the non-inverting input
of the difference amplificr 208B is also pre-
sented with an adjusted portion of a load
65 factor signal.

ACTUAL LOAD signals are input on the
line 136B and the Izzp ropriately scaled
(INITAL LOAD) - ( 153 signal is input on
the line 138B. These are summed at the
inverting input of the amplifier 212B 70
through the resistors 235B and 236B,
respactively. The non-inverting input of the
amplifier 212B is connected to ground
potential through a resistor 304. The output
of the amplifier 212B is fed back to the 75
inverting input through a loop including the
diode 305 and the resistor 306. The output
of amplifier 212B is connected through the
diode 237B to the potentiometer (Kr)s. The
cathode of the diode 237B is connected with 80
the inverting input of the amplifier 212B
through a resistor 307. The wiper of the
potentiometer is connected through a resis-
tor 308 to the non-inverting input of the
amplifier 214B. The inverting input is con- 85
nected to ground potential through a resis-
tor 309. The output of the amplifier 214B is
fed back to the inverting input thereof
through the resistor 310 and is also con-
nected to the non-inverting input of the dif- 90
ference amplifier 208B through a resistor
310A.

The output of the difference amplifier
208B is connected to the integrator-
amplifier network 218B. The output is also 95
fed back to the inverting input through the
resistor 311. The integrator-amplifier net-
work 218B takes the output of the differ-
ence amplifier 208B from the node 238B
g‘igure 8B) along parallel conduction paths. 100

nce such path :includes the potentiometer
(Kr¥), the wiper of which is connected to
the inverting input of the amplifier 239B
through a resistor 312. The non-inverting
input is tied to ground potential through a 105
resistor 313. The output of the amplifier
239B is fed back through a resistor 314 to
the inverting input thercof and is also con-
nected to the node 243B through the resis-
tor 242B. The second parallel path includes 110
the potentiometer (Kint)s, the wiper of
which is connected through a resistor 315 to
the inverting input of the integrating amp-
lifier 241B. The non-inverting input of the
amplifier 241B is tied to ground potential 115
through a resistor 316. The offset of the
integrating amplifier 241B is set to zero by a
potentiometer 317. The output of the integ-
rating amplifier 241B is fed back through a
capacitive network 318 to the inverting 120
input thereof. The output is also connected
to the node 243B through the resistor 240B.
The signals at the node 243B are applied to
the inverting input of the amplifier 244B.
The non-inverting input is tied to ground 125
potential through a resistor 319. The output
of the amplifier 244B is fed back to the
inverting input through a resistor 320.

The output 220B of the integrator-
amplifier network 218B is connected 130
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through a potentiometer 321 and the resis-
tor 254B to the inverting input of an amp-
lifier 322. This input signal is summed with a
reference signal developed across the zener
5 diode 331 and is applied through the com-
bination of resistors 329 and 333 and a
potentiometer 330. The network including
amplifiers 322 and 324 forms a voltage-to-
current converter. The output of the amp-
10 lifier 322 drives the NPN-type transistor
324 connected as an emitter follower. The
collector of the transistor 324 is tied to a
positive potential. The signal at the emitter
of the transistor 324 is fed back to the
15 inverting input of the amplifier 322 through
a resistor network 325. These resistors, in
combination with the resistor 245B and the
potentiometer 321 establish the conversion
gain of the network 246B. The output of the
20 brake control subsystem 105 is taken from
the emitter of the transistor 324 at the junc-
tion of the resistors 326 and 327 and is car-
ried by the output line 158. The emitter of
the transistor 324 is connected to the
25 ungrounded side of the resistor 323 throu%h
the series connection of the resistors 326
and 327 and a potentiometer 328. This
combination of resistors makes the output
.on the line 158 a constant current source.
30 The potentiometer is adjusted to make the
output current independent of load resis-
tance.

The inverting input of the amplifier 322 is
connected through the resistor 329 and the

35 potentiometer 330 to the anode of the zener
diode 331. The anode of the diode 331 is
also tied to a negative potential through the
resistor 247B. The resistor 333 shunts the
resistor 329. This network acts to set an ini-

40 tial signal output in the line 158.

A brake control override 334 is operative
in response to a BRAKE RUN signal from
the logic 109 on the line 142 or in response
to an override signal from the motor control

45 subsystem 106 on the line 147 to impose a
suitable voltage on the inverting inputs of
the amplifiers 239B and 241B so that the
brake is asserted regardless of the total error
signal present at the output of the difference

50 amplifier 208B. The line 142 BRAKE RUN
from the logic 109 is connected through a
diode 335 and a node 336 to switches 337
and 338. The override line 147 from the
motor control subsystem 106 is connected to

55 the node 336 through a diode 339. Both of
the switches are connected at one side to a
positive potential and at the other sides,
through resistors 340 and 341, respectively,
to the inverting inputs of the amplifiers

60 239B and 241B. When energized, the posi-
tive potentials are presented to the ampli-
fiers such that the brake is imposed ~i.e. the
brake is applied — regardless of the mag-
nitude of the total error output signal from

65 the difference amplifier 208B.

Another override circuit of a sort is pro-
vided at 342. This network response to a
MOTOR RUN signal from the logic 109 on
the line 140B to release the brake despite
the signal input to the amplifier 244B. The 70
logic 109, in general, outputs a MOTOR
RUN signal when in receipt of a MOTOR
MODE SELECT signal, as is discussed fully
herein. The line 140B is connected to a
switch 343. The switch 343 is connected at 75
one side to a positive potential and at the
other side through a resistor 344 to the
inverting input of the amplifier 244B. When
the switch 343 is energized, the positive
potential is applied to the inverting input of 80
the amplifier 244B. This has the effect of
maintaining output of the amplifier 244B at
zero volts. A 20mA output signal from the
converter 246B to the output line 158 due
to the reference signal input is effective to 85
fully release the brake. The zener diode 345
prevents the output of the amplifier from
going negative and limits the positive output
of the amplifier 244B to the zener voltage.
The application of the MOTOR RUN out- 90
put on the line 140B from the logic 109 is
discussed herein.

Various other components illustrated in
Figure 8A, but not as yet discussed, are now
set forth for future reference. The position 95
error signal from the differential amplifier
200B on the line 293 is applied to the invert-
ing input of the position comparator 294. A
signal derived from a final position poten-
tiometer 351 connected to a positive poten- 100
tial through a resistor 352 is applied through
a resistor 350 to the non-inverting input of
the comparator 294. The potentiometer 351
sets a predetermined voltage signal so that
when the position of the block is within a 105
predetermined close distance of the com-
mand position, the comparator 294 output
signal connected through a resistor 353 and
a diode 354 switches from a logic O to a logic
1. This signal is carried by a line 355 into the 110
logic 109.

Similarly, a brake release comparator 302
derives its inverting input from the
ACTUAL POSITION signal on the line
356. The non-inverting input is connected 115
through a resistor 357 to a point between
resistors 358 and 359 connected in series
between a positive potential and ground.
The comparator 302 1s connected through a
resistor 360 and a diode 361 and carried by 120
a line 362 to the logic 109. This establishes a
switching threshold voltage for the com-
parator 302, and thus a threshold velocity.
During the motor mode, the ACTUAL
VELOCITY is positive. During the motor 125
mode, when the velocity exceeds the
threshold velocity, the comparator switches
so that the line 362 switches from a logic 1
to a logic 0. The function of this network is
to ‘“release” the brake above some 130
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threshold velocity. Note that the line 355
and the line 362 have been omitted from
Figure 3 for clarity.
The CREEP FLIP-FLOP line 152 output
5 from the motor control subsystem 106 (Fig-
urc 3) is input to the brake control subsys-
tem 105 and to a switch 365 thercof. The
switch 365 is connected between the invert-
ing inputs of the integrating amplificr 241B

10 gFigurc 8B) and the difference amplifier
08B output, and in scries with a resistor

366 (Figurc 8A). A junction diode 368 is
connected between the junction of the
switch 365 and the resistor 366 and ground.

15 This nctwork is provided so that when a

signal is present on the line 152 the integ-
rator gain is effectively increased so that the
integrator-amplificr 218B responds more
rapidly to the small creep velocity signal.

20  The logic 109 includes input lines 144
MOTOR MODE SELECT) and 145
BRAKE MODE SELECT) from the com-

guter channels B and C respectively (Figure

). Output lines 140B (MOTOR RUN) and

25 142 (BRAKE RUN) from the logic 109 are
connected within the brake control subsys-
tem 105 as discussed above. The output line
140M (MOTOR RUN) (Figure 3) from the
logic 109 is input to the motor control sub-

30 system 106. The logic 109 includes cross-

- coupled NAND gates 370C and 370D with
inverter gates 370A and 370B. These are
connected to form an EXCLUSIVE OR
function. The purpose of that portion of the

35 logic 109 is to ascertain that only one

signal-either MOTOR MODE SELECT

from channel B of the computer of BRAKE

MODE SELECT from channel C - is effec-

tive at one time. If both are asserted, for any

reason, neither is effcctive due to the

EXCLUSIVE OR gating described. The

logic also includes NOR gates 382, 384 and

386. The NOR gate 382 is input with one

output of the NAND gate 370C and at the

45 other with the line 355 from the final posi-

tion comparator 294. The NOR gate 384 is
input at onc terminal with the output of the
NAND gate 370D and at the other with the
line 362 from the velocity comparator 302.
50 The output of the NOR gate 384 is carried
from the logic 109 on the line 140B
(MOTOR RUN) to the switch 343 to assert
the MOTOR RUN function thereof. The
output of the NOR gate 384 is also input to

55 the NOR gate 386. The other input to the

NOR gate 386 is derived from the output of
the NOR gate 382. The output of the gate
386 is carried by the line 142 (BRAKE
RUN) to the brake control override 334 to
60 assert the BRAKE RUN function thereof.

The logic 109 is respectively input on the
lines 144 and 145 with MOTOR MODE
SELECT or BRAKE MODE SELECT
signals from channels B and C of the compu-

65 ter 40 (Figure 3). Output lines 140B and

40

142 from the logic 109 carry MOTOR RUN
(line 140B) and BRAKE RUN (line 142) to
the overrides 342 and 334 connected within
the brake control subsystem 105, as discus-
sed above. The output line 140M (MOTOR 70
RUN) (Figures 3 and 8A) from the logic
182 is input to the motor control subsystem
106.

The tied inputs of the inverter gate 370A
are connected to the line 145, BRAKE 75
MODE SELECT, through a diode 371 and
a capacitor 372. The inputs are normally
high, due to their connection to a positive
potential connected through a resistor 373.
The tied inputs of the inverter gate 370B are 80
connected to the line 144, MOTOR MODE
SELECT, through a diode 374 and a
capacitor 375. These inputs are normally
high due to the positive potential connected
through the resistor 376. This portion of the 85
logic 109 functions to accept only one
signal-either MOTOR MODE SELECT
from channel B or BRAKE MODE
SELECT from channel C -from the compu-
ter at one time. If, for any reason, the lines 90
144 and 145 are both asserted (logic 0), the
EXCLUSIVE OR functions to make
neither signal effective. Note the output of
the NAND gate 370D is connected to the
motor control subsystem 106 on the line 95
140M.

As noted, the logic 109 also includes
NOR gates 382, 384 and 386. The NOR
gate 3§2 derives its inputs from the output
of the NAND gate 370C and from the final 100
position comparator 294 on the line 355.
The output of the NOR gate 372 is one
input to the NOR gate 386.

The NOR gate 384 derives one input
from the output of the inverter gate 370B. 105
The second inputs to the NOR gate 384 is
derived from the velocity comparator 302
on the line 362. The output of the NOR gate
384 is the second input to the NOR gate
386, and also is connected to the line 140B 110
(MOTOR RUN) leading form the logic 109
to the switch 343 in the override 342. The
output of the NOR gate 386 is connected by
the line 142 (BRAKE RUN) from the logic
109 to the override 334 to assert the 115
BRAKE RUN function.

If the computer asserts the BRAKE
MODE SELECT line 145 (i.e., the block is
traveling downward) and if this is the only
asserted signal (as checked by the EXCLU- 120
SIVE OR) the motor control subsystem 106
is disenabled on the line 140M and the
NOR gates 382, 384 and 386 operate to
switch the line 142 to logic O, thus not
asserting the BRAKE RUN function (on 125
the line 142). During the greater part of the
downward journey of the block, the brake
control subsystem 105 operates on the basis
of the total error to modulate the brake and
control the block velocity within the com-130
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mand limits. As the block approaches the
final position, an output from the final posi-
tion comparator interacts with the logic 109
to assert the BRAKE RUN function (on the

5 line 142) and sets the brake to stop the
block.

Therefore, with a BRAKE MODE
SELECT input on the line 145, and
MOTOR MODE SELECT on the line 144

10 not asserted, for the greater part of the
downward movement of the block the fol-
lowing conditions would prevail: The A and
B terminals of the inverter gate 370B and
the B terminal of the NAND gate 370C are

15 at logic 1 condition. Both terminals of the
inverter gate 370A and the A terminal of
the NAND gate 370D are in the logic 0
condition.

The output of the inverter gate 370A is

20 therefore a logic 1, placing this condition
glo ic 1) at the A input of the NAND gate
70C. The output of the inverter gate 370B

is a logic 0, placing this condition at the B
input of the NAND gate 370D. Thus, the

25 output of the NAND gate 370C is at logic 0
and the output of the NAND gate 370D is
at logic 1. These are the conditions at the A
input of the NOR gate 372 (logic 0 from the
output of the NAND gate 370C) and at the

30 A input of the NOR gate 374 glo ic 1 from

: the output of the NAND gate 370D). Note
that the logic 1 at the output of the NAND
gate 370D s carried by the line 140M to the
motor control subsystem 106 enabling the

35 motor override network therein.

With regard to the NOR gate 384, the
presence of a logic 1 at the A input thereof
insures that the output thereof is a logic 0,
despite the signal presented at the B ing)ut

40 leading from the velocity comparator 302
on the line 362. Thus, in the brake mode,
the velocity comparator 302 is not effective
in releasing the brake. Thus, the output
from the NOR gate 384 and the B input of

45 the NOR gate 386 are both at logic 0 as long
as a BRAKE MODE SELECT condition is
present on the line 145. Accordingly, the
output line 140B from the logic 384 to the
override 342 is a logic 0. That is, the

50 MOTOR RUN function is not asserted.
Note that the output of the velocity com-
parator is not effective in a BRAKE MODE
SELECT condition.

With regard to NOR gate 382, the A

55 input thereof is at a logic 0 at all times that a
BRAKE MODE SELECT is asserted on
the line 145. The B input to the NOR gate
382 is derived from the output of the final
position comparator 294 on the line 355.

60 Therefore, during the greater portion of the
downward travel of the block, the output on
the 355 to the B input of the NOR gate 382
is at a logic 0. Thus, the output of the NOR
gate 382 is a logic 1. The logic 1 input condi-

65 tion to the A input of the NOR gate 386

results in the situation that as long as the
block is greater than the threshold distance
(set by the potentiometer 351) from the

"final, command position, the line 142

(BRAKE RUN) is at logic 0, allowing the 70
pormal control subsystem functions derived
from the magnitude of the total error signal
(E1)s to be controlling the velocity of the
block.

However, as the block approaches the 75
final position, the output of the comparator
294 switches and provides a logic 1 output
on the line 355 connected to the B terminal
of the NOR gate 382. This results in the
output thereof, and the A input to the NOR 80
gate 386, switching to a logic 0. As a result,
the output of the NOR gate 386 goes to a
logic 1, and BRAKE RUN output line 142
is energized. With a logic 1 at the output of
the NOR gate 386 and on the line 142, the 85
switches 337 and 338 are turned on. With
such an occurrence full braking is applied
since the positive inputs to the amplifiers
239B and 241B overriding the normal
brake control subsystem, and setting the 90
brake when the position error has reached
an acceptably low value.

If the computer asserts the MOTOR
MODE SELECT line (i.e., the block is
hoisted upwardly) and if this is the only 95
asserted signal (as checked by the EXCLU-
SIVE OR) the motor control subsystem is
enabled on the line 140M (MOTOR RUN).
However, the brake is kept asserted by the
logic 109 even though the computer has 100
asserted the motor mode, until the block
reaches a predetermined threshold velocity.
This is implemented as set forth herein.

With the MOTOR MODE SELECT
signal on the line 144, the A and B terminals 105
to the inverter gate 370A are at a logic 1
condition. Likewise, the A input of the
NAND gate 370D. The A and B inputs to
the inverter gate 370B, and the B input to
the NAND gate 370C, are at a logic 0 condi- 110
tion. Thus, the output of the inverter gate
370A, and the A input to the NAND gate
370C, are at a logic 0 condition. Accord-
ingly, the output of the NAND gate 370C
and the A input to the NOR gate 382 are in 115
a logic 1 condition. The output of the inver-
ter gate 370B, and the B input of the
NAND gate 370D are in a logic 1 condition.
Accordingly, the output of the NAND gate
370D and the A input to the NOR gate 384 120
are in a logic 0 condition. The output of the
NAND gate 370D is conducted to the
motor control subsystem 106 on the line
140M. The motor is, in effect, enabled
because the MOTOR RUN line 140B is at 125
logic 0. .

With respect to the NOR gate 382, as
long as a MOTOR MODE SELECT condi-
tion is asserted on the line 144, the A input
is a logic 1. The output of the NOR gate 130



18 1 592 941 18

382, therefore, is at all times a logic O,
regardless of the signal present on the line
355 from the final position comparator 294.
Thus, the position comparator in the brake
5 control subsystem 105 is not effective dur-
ing a MOTOR MODE SELECT condition.
The A input to the NOR gate 386 is at all
times a logic 0.
With respect to the A input of the NOR
10 gate 384, it is at all times a logic 0. However,
as long as the velocity at which the motor
lifts the block is less than the velocity rep-
resented at the inverting input of the com-
arator 302, the output thereof on the line
15 362 connected to B input of the NOR gate
384 is a logic 1. Therefore, the output otgthc
NOR gatec 384 is a logic 0 as long as the
velocity of the block is below the threshold.
The B input of the NOR gate 386 is also a
20 logic 0, resulting in a logic 1 output there-
from. Accordingly, the line 140B (MOTOR
RUN) is not asserted (due to logic 0 at the
output of the NOR gatc 384) while the
BRAKE RUN function at the output of the
25 NOR gate 386 on the line 142 is asserted.
The result is when the motor mode is
selected (the override being disenabled), the
brake is asserted as long as the velocity is
below the defined threshold.
30 When the block is lifted at a velocity
"~ exceeding the threshold, the output of the
velocity comparator 302 switches, placing a
logic 0 at the B input of the NOR gate 384.
The output thereof shifts to logic 1, assert-
35 irhg the MOTOR RUN function on the line
140B. The switch 343 is turned on, overrid-
ing the signals presented to the inverting
inputs of the amplifier 244B. Thus, when
the velocity exceeds the predetermined
40 threshold velocity, the override 342 is
enabled in thec manncr described to prevent
unnecessary wear on the brake as the block
is raised. Further, the B input to the NOR
gate 386 is also switched to the logic 1 state,
45 thereby placing a logic 0 at the output
thereon, disenabling the BRAKE RUN
function on the linc 142.
Of course, during this period of the block
travel, the velocity is controlled by the time
50 integral of the total error (Et)m, as discus-
sed. As the block nears its final position, the
total error (Et)m tends to go positive thus
decrcasing the velocity of the block. As the
velocity of the block falls below the
55 threshold set by the velocity comparator
302, the output thereof switches back to a
logic 1, changing the B input to the NOR
gate 384, and switching the output of the
NOR gate 384 to a logic 0. This disenables
60 thc MOTOR RUN line, and switches the
output of the¢ NOR gate 386 to a logic 1,
enabling the line 142 (BRAKE RUN) to set
the brake. As will be seen herein, within the
motor control subsystem 106, a position
65 comparator, similar to that discussed above,

is opecrable when the block approaches
within a predetermined distance of the
command position, to assert a motor over-
ride and stop the hoisting motion.

Referring now to Figure 9, a detailed 70
description of the motor control subsystem
106 is set forth. The basic features of the
motor control subsystem 106 are similar to
those of the brake control subsystem 105, as
seen in earlier discussions. 75

The COMMAND POSITION signal is
input on the line 115M (Figure 3) and con-
nected through a resistor 402 to the invert-
ing input of the differential amplifier 200.
The ACTUAL POSITION signal is input 80
on the line 116M and is presented to the
non-inverting input of the differential amp-
lifier 200M through the resistor 403. The
non-inverting input is connected through a
resistor 404 to ground potential. Both the 85
ACTUAL POSITION and the COM-
MAND POSITION signals are current
signals and are converted to an appropriate
voltage for application to the differential
amplifier 200M by the resistor arrangement 90
405, 406, 407 and 408, connected in pairs
between the input signals lines 115M and
116M and a negative potential. The output
of the differential amplifier 200M is fed
back through a resistor 409 to the inverting 95 -
input. This resistor, in combination with the
resistor 402, establishes the amplifier gain.
The position error signal output is taken by
a line 410 to the non-inverting input of a
position comparator 412. The inverting 100
mput of the position comparator 412 is fur-
nished with a signal derived from a poten-
tiometer 414 connected to a negative poten-
tial through a resistor 415. The wiper of the
potentiometer is connected through a resis- 105
tor 416 to the inverting input. The position
comparator 412 outputs a signal through a
diode 417 to a line 418 when the position
error signal at the output of the differential
amplifier 200M is less than the voltage level 110
as set by the potentiometer 414. As seen
herein, this condition overrides the motor
control to shut off the motor.

The output of the differential amplifier
200M is connected through a resistor 420 to 115
the potentiometer (Kp)m. An adjustable
portion (as set by (Kr)m of the position error
signal is applied through a resistor 421 to
the non-inverting input of the amplifier
230M. 'T'he mverting input of the amplitier 120
230M is connected through a resistor 422 to
the wiper of a potentiometer 423 tied to a
positive potential through a resistor 424.
The purpose of the potentiometer is to set a
minimum velocity signal. The output of the 125
amplifier 230M is fed back through a resis-
tor 425 to the inverting input thereof. The
output of the amplifier 230M is tied through
the resistor 231M to the node 201IM to
which is also connected the output of the 130
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amplifier 204M through the diode 234M.
The limiting effect at the node 201M of the
combination of the amplifier 204M and the
diode 234M has been discussed earlier in

5 connection with the simplified signal diag-
rams of the drawworks motor control.

The signal at the node 201M is connected
to the summing junction 202M through the
resistor 232M. At the summing junction

10 202M the composite position error plus vel-
ocity signal, (Er+B)wm, 1s formed, as discussed,
by the summation of the adjusted position
error signal with the signal representative of
the ACTUAL VELOCITY taken from the

15 input line 134M through the resistor 233M.
The velocity signal may be derived from the
drum tachometer 94 or, alternatively, from
the block position transducer 83. The
ACTUAL VELOCITY signal is applied to

20 the inverting terminal of a comparator 430,
as is discussed herein. The signal at the
summing junction 202M is applied to the
inverting input of the difference amplifier
208M. The non-inverting input is connected

25 to ground potential through a resistor 431.
As discussed, however, an adjusted portion
of a load factor signal is also applied to the
non-inverting input.

An ACTUAL LOAD signal is applied on

30 the line 136M and the appropriately scaled
INITIAL LOAD - (—K&2) signal is input on
the line 138M. These load signals are sum-
med at the inverting input of the comparator
212M through the resistor 235M and 236M,

35 respectively. The non-inverting input of the
amplifier 212M is connected to ground
through a resistor 433. The output of the
amplifier 212M is fed back to the inverting
input through a loop including the diode

40 434 and the resistor 435 as well as the loop
including a resistor 436 and a diode 437.
These components in combination with the
input resistors 235M and 236M establish
the amplifier gain. The output of the amp-

45 lifier 212M is connected to the potentiome-

ter (Ku)m. The output is taken from the
junction of the resistor 436 and diode 437 to
remove the effects of diode 437 voltage
drop. The wiper of the potentiometer (Kr)m
is connected through the resistor 437 to the
non-inverting input of the amplifier 214M.

The inverting input of the amplifier 214M is

connected to ground potential through a

resistor 438. The output of the amplifier

55 214M is fed back to the inverting input

through a resistor 439 and is also tied to the
non-inverting terminal of the difference
amplifier 208M.

The output of the difference amplifier
208M is connected to the integrator-
amplifier network 218M (Figuer 9B). This
output is also fed back to the inverting input
through the resistor 440. The integrator-
amplifier network 218M takes the output of
65 the difference amplifier 208M from the

50

60

node 238M along two parallel paths. One
path includes the potentiometer (Ker)m, the
wiper of which is connected to the inverting
input of the differential amplifier 244M
through a resistor 441. The second parallel
path includes the potentiometer (Kint)u, the
wiper of which is connected through a resis-
tor 442 to the inverting input of the integrat-
ing amplifier 241M. The non-inverting input
is tied to ground potential through the resis- 75
tor 444. A potentiometer 445 sets the zero
point of the integrating amplifier 241M. The
output of the integrating amplifier 241M is
fed back through a capacitive network 446

to the inverting input thereof. The output of 80
the integrating amplifier 241M is connected
through a resistor 447 to the non-inverting
terminal of the amplifier 244M. The non-
inverting terminal is also tied to ground
potential through a resistor 448. The circuit 85
details of the motor control subsystem dif-
fers from that of the brake control subsys-
tem in that the parallel paths within the
integrator-amplifier network 218M are not
summed at a node 243B. Instead, the output
of the integrating amplifier is combined dif-
ferentially with the potentiometer output in
the amplifier 244M. The output of the amp-
lifier 244M is fed back through a parallel
path including the resistors 449 and the 95
diode 450.

The output 220M of the integrator-
amplifier network 218M is connected
through the resistor 245M to the voltage-
to-current converter 246M. The converter
246M is substantially identical to the inver-
ter described earlier in connection with the
brake control subsystem 105 except for the
magnitude of the reference voltage applied
to the amplifier 453. The resistor 245M is
connected to a potentiometer 451 and a
resistor 452 through which it is also con-
nected to the inverting input of an amplifier
453. The non-inverting input of the amp-
lifier 453 is tied to ground through a resistor
454. The output of the amplifier drives a
transistor 455 of the NPN type, the collector
of which is connected to a negative poten-
tial. The emitter of the transistor 455 is fed
back through a feedback resistive network
456 to the inverting input. The emitter is
connected to the high side of the resistor
454 through a series connection of a resis-
tors 457 and 458 and a potentiometer 459.
The output of the motor control subsystem 120
is taken at the junction of the resistors 457
and 458. The output line 159 has a relay
contact operated by the coil 112 therein.

An initial voltage condition is applied to
the inverting input of the comparator 453 125
and includes aresistor 461 and a potentiome-
ter 462 in series with a negative potential. A
resistor 463 shunts the resistor 461. The pur-
pose of this network is to supply a reference
voltage so as to obtain a 4mA current output 130
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under a zero signal input condition.

The motor control subsystem 106 is con-
nected (Figure 9B) to the computer output
channel I through the line 151. This line is
connected through a diode 470 to the inputs
of a NAND gate 471 having both the inputs
tied to a positive potential through a resistor
472. A switch 47§is ticd to a positive poten-
tial on onec side, and on the other through a
resistor 474 to the non-inverting input of the
comparator 453 within the voltage-to-
current converter 246M. Upon receipt of a
CREEP TO ENGAGE CLUTCH com-
mand signal from thc computer on the line
151 (linc 151 goes to logic 0), a predeter-
mined current signal is output to the motor
drive 93 on the linc 159 to move the motor
92 very slowly to permit the clutch to
engage for further hoisting operations.

The motor control subsystem 106 has a
CREEP control network 480 (Figure 9A)
connected therein. The network includes
the inverting amplifier 430. The ACTUAL
VELOCITY signal on the line 134M is
applied to the non-inverting input through
the resistor 481. The inverting input of the
comparator 430 is ticd to the ground poten-
tial through a resistor 482. The output of the
comparator is fed back to the non-inverting
input through the paths including the diode
483 and resistor- 484, and the diode 485 and
the resistor 486, respectively. The output of
the amplifier 430 is connected through a
resistor 487 to the inverting input of a creep
comparator 490. The non-inverting input of
the comparator 490 is connected through a
resistor 491 to a voltage divider network
including resistors 492 and 493 connected
between a positive and ground potential.

The output of the creep comparator 490
is connected through a resistor 495 to the
reset input of a creep flip-flop network 500.
A diode 496 with a capacitor shunt 497 is
connected betwcen the reset input and
ground. The set input of the flip-flop net-
work 500 is connected through a diode 502
to the CREEP signal (channel H) from the
computer on the line 150. The output of the
flip-flop nctwork 500 connected to the input
of a switch 503. The output of the amplifier
208M is connected to a resistor 504A and a
diode 504B in series. The switch 503 is con-
nected between the junction of the resistor
504A and the diode 504B and the non-
inverting input of the intct%rating amplifier
241M. The output of the flip-flop network
500 is also connected (through the line 152
to the switch 365 in the brake control sub-
system 105 (Figure 8A).

The purpose of a CREEP command is to
slowly raise the traveling block so as to
acquire the drill string load with the elevator
as discussed in connection with the opera-
tion section earlier.

Upon receipt of the CREEP COM-

MAND a signal at the set input from the
line 150 causes an output from the flip-flop
network 500 to switch to logic 1. This closes
the switch 503. This effectively increases the
gain of the integrating amplifier 241M. At
the same time, the output on the line 152
from the flip-flop network 500 closes the
switch 365 in the brake control subsystem
105 to increase the gain of the integrating
amplifier 241B (Figure 8). Thus, the
CREEP command signal, in conjunction
with other signals, is used to slowly raise or
lower the elevator to acquire or to release a
load, as the case may be. Higher velocities
arc programmed after acquiring or releasing
the load. When the velocity exceeds a creep
threshold velocity determined by the com-
bination of resistors 492 and 493, the com-
parator 490 switches to logic 0 to reset the
flip-flop network 500 to the normal condi-
tion.

A motor control override network 510
(Figure 9B) includes a primary and secon-
dary override path connected to the
MOTOR RUN line 140M. The line 140M is
output from the logic 109 and when the
motor control subsystem 106 is disenabled
the logic 109, the line 140M has a logic high
signal thereon. The line 140M is connected
to a diode 511, the output line from the
diode 511 being indicated as MOTOR OFF
line 512. The primary override path
includes a zener diode 513 connected
through a resistor 514 to the base of an NPN
transistor 515. The collector of the transis-
tor 515 is connected to a negative potential.
The collector of the transistor 515 is tied to
the anode of the zener diode 513 by a resis-
tor 516. The emitter of the transistor 515 is
connected through a resistor 517 to a diode
518. The primary override is connected to
the inverting input of the integrating amp-
lifier 241M. The second path of the override
510 includes a switch 524 connected bet-
ween the junction of resistors 525 and 526
and ground. The resistor 525 is tied to a
positive potential. The non-inverting input
of the amplifier 527 is tied to ground
through resistor 528. The output of the
amplifier 527 is applied through a diode 529
to the inverting input of the voltage-to-
current converter 246M. The output is also
fed back to the inverting input through a
resistor 530.

When an appropriate signal (a logic 1) is
received from the logic 109 on the line
140M, the motor control override 510 is
actuated to effectively turn off the motor,
regardless of the output of the amplifier
244M. When the signal on the line 140M is

70

75

80

85

90

95

100

105

110

115

120

125

applied to the diode 511 the output is a
signal on the MOTOR OFF line 512 which"

renders the transistor 515 conductive, effec-.

tivelfr setting the output of the integrating
amplifier 241 to zero. The secondary path,
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when in receipt of the MOTOR OFF signal tively.
on the line 512, renders the switch 524 con- The velocity comparator 108 is also input,
ductive, grounding the junction of the resis- on the line 166 with a bi-polar voltage signal
tors 525 and 526. This holds the input to the  derived from the drum tachometer 94. The

5 voltage-to-current at zero. This precaution magnitude of the signal from the drum 70

is taken since there may still be a signal at

the output of the amplifier 244 even though

the integrating amplifier 241M is overrid-
den. The MOTOR OFF line 512 can be
10 energised in ways other than by receipt of a

computer command via the logic 109.

In order to shut the motor off when the
position of the block comes within a pre-
determined close tolerance to the command

15 position, an output signal from the position
comparator 412 on the line 418 operates the
ov(elzrride 510 in a manner exactly as discus-
sed.

Further, when the operator asserts the

20 override on the line 104, a signal is applied
to an optical coupler 536 (Figure 9A) acting

as a switch. When energized the switch 536

connects a positive potential to the line 512

through a diode 537. A resistor 538 ties the
25 line 512 to ground. Upon receipt of a man-

ual override signal, the switch 536 is con-

ductive, placing a high signal on the line 512

to turn the motor off by the override 510 in

a manner discussed above. At the same
30 time, the line 147 (OVERRIDE) is at logic

1 due to its connection to the switch 536,

thereby asserting the override network 334

(Figure 8).

Having completely discussed the brake

35 control subsystem 105, the motor control
subsystem 106, and the logic 109, attention
js directed to Figure 10, which is a detailed
schematic diagram of the velocity com-

parator 108.

Shown in Figure 10 is a detailed schema-
tic diagram of the velocity comparator 108
utilized in the drawworks control system 21.
As seen from the block diagram Figure 3,
the velocity comparator 108 is input from
45 the computer channel G on the line 165

with a 4-20mA signal representative of the
COMMAND VELOCITY, the velocity at
which it is desired to move the traveling
block 68 from a first to a second elevation

50 within the rig or derrick 20 (Figure 2). With
reference to Figure 10, the current input

signal is taken on a line 570 and converted
to a voltage by the action of the resistor 571
connected between the line 570 and a nega-

55 tive potential. The resulting voltage signal is
filtered by a filter 572 comprising a resistor

573 and a capacitor 574 and is applied to
the non-inverting input of an amplifier 575.
The output of the amplifier 575 is fed back
60 to the inverting input through a resistor 576,
and is also connected to the output line 132
which carries the 0-10 volt COMMAND
VELOCITY signal to the brake control sub-
system 105 and the motor control subsystem
65 106, on the lines 132B and 132M respec-

40

tachometer 94 is representative of the
ACTUAL VELOCITY at which the travel-
ing block 68 (Figure 2) is moving. The
polarity of the voltage signal on the line 166
is representative of the direction of travel of 75
the traveling block 68. Consequently, a
positive polarity indicates an upward direc-
tion of travel with respect to the vertical axis
of the derrick 20. An upward direction of
travel, of course, implies that the motor 80
mode is being asserted. A negative polarity
of the signal on the line 166 indicates
downward motion of the traveling block 68
with respect to the derrick axis, and implies
the brake mode is being asserted by the com- 85
uter.
P The ACTUAL VELOCITY signal is fil-
tered to remove commutating spikes by a
single-pole, low-pass filter network 580
which is comprised of a resistor 581 and a
capacitor 582. Diodes 583 and 584, respec-
tively connected to positive and negative
potentials, limit the signal to an amplifier
586. The filtered ACTUAL VELOCITY
signal is presented through a resistor 585 to 95
the inverting input of the adjustable gain
amplifier 586. The non-inverting input of
the amplifier 586 is connected to ground
potential through a resistor 587. Connected
in a feedback loop from the output of the
amplifier 586 to the input thereof is an
adjustable resistor 588. The gain of the
amplifier 586 depends upon the setting of
the resistor 588. The output may be
adjusted to represent some nominal veloc-
ity, for example, 1 volt per foot per second.
The output of the amplifier 586 is applied
to the inverting input of a unity gain inverter
amplifier 590 through a resistor 591. The
non-inverting input of the amplifier 590 is
connected to ground potential through a
resistor 592. The output of the amplifier
590 is fed back to the inverting input thereof
through a resistor 593. The output is also
conencted by a line 594 to the output line
134, which is the ACTUAL VELOCITY
signal input to the brake control subsystem
105 and the motor control subsystem 106
on the lines 134B and 134M, respectively.
With the circuit configuration described, the
magnitude of the voltage signal on the line
134 represents the actual velocity of the
block, with a positive polarity indicating
upward movement a a negative polarity
indicating downward motion. 125
The output of the amplifier 586 is taken
by a line 597 to a wrong direction indicating
network 598. The network 598 includes
comparators 599 and 600, and transistors
601 and 602 connected in a logic OR con-

90

100

105

110

115

120

130



22

1592 941

22

figuration. The inverting input of the com-
parator 599 and the non-inverting input of
the comparator 600 arc connected with the
output of the amplifier 586 through resistors
5 603 and 604, respectively. The switching
points of the comparators are fixed at a
nominal, predetermined threshold level, for
example, a level corresponding to the veloc-
ity of about .5 foot/second. The non-
10 inverting input of the comparator 599 is
connected to a positive voltage from a posi-
tive potential source through the resistors
605 and 606. The inverting input of the
comparator 600 is connected to a potential
15 source through the resistors 607 and 608.

The output from the comparator 599 is
connected through a diode 609 and a resis-
tor 610 to the basc of the NPN transistor
602. The junction of the transistor 602 and

20 the resistor 610 is connected to ground
potential through a resistor 611. The output
of the comgarator 600 is connected through
a diode 612 and a resistor 613 to the base of
the NPN transistor 601. The junction of the

25 base of the transistor 601 and the resistor
613 is tied to ground potential through a
resistor 614.

One or the other of the comparators 599
or 600 is disenabled, dependent upon

30 whether a signal is present on the line 615 or
616. The line 615 1s connected to a line 167
tied to the MOTOR MODE SELECT line
144 from the computer. The line 616 is con-
nected to a line 168 tied to the BRAKE

35 MODE SELECT line 145 from the compu-
ter. A diode 617 is connected in the line 615
to the junction between the diode 609 and
the resistor 610. A diode 618 is connected
in the line 616 to the junction between the

40 diode 612 and the resistor 613. The diodes
617 and 618 are normally forward biased,
due to the connection of the anode of each
diode 617 and 618 to a positive potential
through the resitors 619 and 620, respec-

45 tively.

The output of the wrong direction net-
work 598 1s taken from the collector of the
transistor 602 by a line 621. The line 621 is
connected to a line 169 connected to the

50 computer input channel E. The network 598

operates to give a WRONG DIRECTION

OF MOTION signal on the line 169 if the

motion of the block exceeds the nominal
setting 0.5 feet/second in the wrong direc-
tion. If this occurs, either transistor 602 or

601 ceases to conduct. A WRONG

DIRECTION OF MOTION signal is an

interrupt condition, which disables all sys-
tems and halts the program. As with all
other interrupt conditions, the entire system
reverts to manual control and all automatic
operation is halted.

The enabling signals on the lines 167 and

168 from the computer to the motor and

65 brake control are applied, through the lines

55

60

615 and 616, respectively, to the com-
parator outputs through the diodes 617 and
618. These signals enable the appropriate
comparator so that only the “correct”
wrong direction is sensed. If, for example,
the motor control subsystem is controlling a
hoisting motion, the MOTOR MODE
SELECT line 144 is low and the BRAKE
MODE SELECT line 145 is high so that the
output of the comparator 599 is enabled and
the output of the comparator 600 is not
enabled. During hoisting the ACTUAL
VELOCITY signal polarity at the non-
inverting input of the comparator 600 is
negative so that the transistor 601 would
tend to be turned off, but the comparator
ouput 600 is disconnected since the diode
612 is back-biased. In this condition, the
transistor 601 is maintained in conduction
by the signal applied through the diode 618.
However, if the ACTUAL VELOCITY
signal at the inverting input of the com-
parator 599 should become positive with a
magnitude greater than approximately 0.5
volt, indicating a ‘“wrong” direction of
travel, neither the diode 609 nor the diode
617 conducts, so that the transistor 602
becomes non-conductive, signaling an inter-
rupt condition on the line 169 to the compu-
ter. The “wrong” direction during a braking
motion operates in a similar manner.

The output of the amplifier 590 is also
connected to a zero velocity detector net-
work 624. The network 624 includes com-
parators 625 and 626 connected as zero vel-
ocity detectors. Since the output of the drum
tachometer 94 is a bipolar signal, two com-
parators 625 and 626 are required, one
effective for each direction. The inverting
input of the comparator 625 is connected to
the outut of the amplifier 590 through a
resistor 627. The non-inverting input is con-
nected to a switching point voltage set by
the “down” potentiometer 628, connected
to ground on one side and to a negative
potential through a resitor 629 on the other.
The output of the comparator 625 is fed
back to the non-inverting terminal thereof
through a loop including a resistors 630 and
631, and a capacitor 632. This positive
feedback loop provides hysteresis so that
the comparator 625 will provide positive
signal action with signals close to the switch-
ing point. The non-inverting input of the
comparator 626 is also connected to the
output of the amplifier 590 through a-resis-
tor 634. The inverting input is connected
through a resistor 635 to a switching point
voltage set by the “up” potentiometer 636
which is connected to ground on one side
and to a positive potential through a resistor
637. The output of the comparator 626 is
fed back to the non-inverting terminal
thereof through a loop including a resistor
638 and a capacitor 639. This positive feed-
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back loop insures that the comparator 626
will provide a positive switching action at
input signals near threshold.

The outputs of the comparators 625 and
626 are connected, through diodes 640 and
641, respectively, and a through network
including the resistor 642 and capacitor 649
to the base of an NPN-type transistor 645.
The emitter of the transistor 645 is con-
nected to ground. The cathodes of the
diodes 640 and 641 are connected to ground
through a resistor 646. The collector of the
transistor 645 is tied to a positive potential
through a resistor 647. The collector of the
transistor 645 is connected to the base of an
NPN transistor 648. The emitter of the
transistor 648 is tied to ground, with the col-
lector thereof being tied to an output line
649. A diode 650 is connected between the
line 649 and a positive potential. The output
line 649 is connected to a line 170, ZERO
VELOCITY, (Figure 3) to the computer
channel D. The switching points of the com-
parators 625 and 626 are set by the poten-
tiometers 628 and 636, respectively, such
that a predetermined small velocity in either
the downward or upward direction is recog-
nized as a zero velocity condition and a
signal to that effect is applied on the line
170 to the computer. Zero velocity on the
line 170, indicated by the transistor 648
being switched on, is only one of the two
necessary conditions for the computer to
recognize that the block is at its program-
med destination.

As will be set forth in detail herein, the
block position and speed transducer 83 out-
puts a 0-10mA velocity signal on a line 171
to the velocity comparator 108. This unipo-
lar current signal on the line 171 is applied
to a maximum velocity network 653. The
current signal is converted to a voltage
signal by the action of a resistor 654 tied to
ground potential. The voltage signal is
applied to the non-inverting input of a vol-
tage follower amplifier 655 through a resis-
tor 656, with a capacitor 657 tied to ground
potential. An adjustable maximum velocity
signal derived from a potentiometer 659
connected to a negative potential through a
resistor 660 is applied to the non-inverting
input of a voltage follower 662. The
opposed polarity outputs of the voltage fol-
lowers 655 and 662 are applied through
resistors 664 and 665, respectively, and are
summed at the inverting input of an amp-
lifier 667 effectively operating as a com-
parator. The non-inverting input is tied to
ground through a resistor 668. The output
of the comparator is fed back to the non-
inverting input thereof through parallel
feedback paths including a resistor 669 and
a capacitor 670. The output of the com-
parator 667 is tied through a diode 671 and
resistor 672 to the base of an NPN transistor

674. The emitter of the transistor 674 is tied
to ground, while the output thereof is tied to
a line 675. The line 675 is connected to an
output line 172. This MAXIMUM VEL-
OCITY signal on the line 172 is connected
to the computer input channel F.

The maximum velocity threshold set by
the potentiometer 659 is normally greater
than the actual velocity signal to the fol-
lower 655, so that the output of the com-
parator 667 is at positive saturation, hold-
ing the transistor 674 in conduction. How-
ever, if the BLOCK VELOCITY from the
B.P.S.T. 83 exceeds the threshold however,
the transistor 674 is cutoff. The indication
that the maximum velocity is exceeded is
thus output to the computer on the lines 675
and 172. Note that on both the lines 621
and 675, a normal condition is indicated
by current flow. When an abnormal condi-
tion is sensed, that current signal drops to
zero. Diodes 677 and 678 are, respectively,
tied between the lines 621 and 675 and a
positive potential.

Referring to Figure 11, a detailed
schematic diagram of the block position and
speed transducer (B.P.S.T.) 83 is shown. As
mentioned, the B.P.S.T. 83 outputs a posi-
tion feedback signal to the computer input
channel J on the line 116. Further, a posi-
tion signal is input to the brake control sub-
system 105 and the motor control subsystem
106 on the lines 116B and 116M, respec-
tively. Also, as discussed in connection with
Figure 10, the B.P.S.T. 83 puts a 0-10mA 100
BLOCK VELOCITY signal on the line 171
to the velocity comparator 108.

The B.P.S.T. 83 associated with the block
68 and is mounted on the carriage of the
block retractor 78 for travel therewith along 105
the guide track 80. The traveling block 68,
of course, moves with the carriage 78. The
mounting details are illustrated diagrammat-
ically with any suitable means of mounting
being within the contemplation of this 110
invention. A friction wheel 690, manufac-
tured of any suitable material, such as
urethane, is contacted against the retractor
guide track 80. A spring 691 biases the
wheel 690 into contact with the track 80. 115
Displacement of the carriage 78 causes rota-
tion of the wheel 690 and a shaft 692 suit-
ably coupled thereto. At the opposite end of
the shaft 692 is coupled a toothed wheel 693
\ggich is driven by movement of the wheel 120

0.

The B.P.S.T. 83 includes a zero velocity
magnetic pickup 695, such as that manufac-
tured by Airpax and sold under Model No.
4-0002. The pickup 695 outputs a square 125
wave pulse each time a tooth of the wheel
693 passes in proximity to the pickup 695.
This signal is hereafter referred to as the
“A” signal. The pickup also outputs a
signal, either a logic 1 or a logic 0, indicative 130
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of the direction in which the teeth of the
wheel 693 arc passing. This signal is hereaf-
ter referred to as the “B’’ signal. It is quickly
appreciated that a predctermined given
5 number of output pulses from the pickup
calibrated and used to represents displace-
ment of the block a predetermined
rectilinear distance along the track 80. Simi-
larly, the frequency of the pulses is propor-

10 tional to the speed at which the carriage 78
moves. The “A” and “B” signals of the pic-
kup 695 are connected to a signal level
translator 697. A suitable translator 697 is
that manufactured by Motorola and sold

15 under Model No. MC 666. The function of
the translator 697 is to translate the mag-
nitudes of the “A” and “B” signals to a level
compatible with the electronic components
which follow. The “A” signal is also trans-

20 mitted by a line 698 to the input of a
frequency-to-voltage converter 699. Any
suitable converter 699 may be utilized, such
as that manufactured by Teledyne Filbrick
and sold under Model No. 4702.

25 The frequency-to-voltage converter 699
serves to provide an average output voltage
proportional to the frequency of the square
wave input signal. Potentiometers may, of
course, be provided to adjust the zero and

30 full scale out{)ut. For example, a nominal
sensitivity of 1.0 volt/foot/second with a full
scale of 10 volts, or any other predeter-
mined setting may be utilized. The output
from the converter 699 is applied to a unity

35 gain inverting amplifier 700 (shown
schematicall 3 The output of the inverting
amplifier 700 is agi)licd to a voltage-to-
current converter 701. The converter 701 is
similar in circuit details to the voltage-to-

40 current converter 246B shown in Figure 8B.
The converter functions to provide a
0-10mA output proportional to the 0 to
—10 volt input signal. A suitable trimming
resistor may be provided to adjust the out-

45 put current to a predetermined value, for
example 10mA when the input voltage is 10
volts. Resistors or potentiometers may also
be provided to make the current output
independent of load resistance. A 0-10mA

50 output current signal on the line 171 is func-
tionally related to the frequency of the
square wave input on the line 698 and,
accordingly, to the speed of the carriage 78
and the traveling block 68 associated there-

55 with. As before, the current signal is prefer-
red due to the high noise immunity offered
thercby. Further, the constant current
source characteristic makes the cable resis-
tance and/or cable length uncritical. Thus,

60 long cable runs through clectrically noisy
environments using economical unshielded
cable are possible. The output from the
voltage-to-current converter 701 is con-
nected by the line 171, discussed above, to

65 the velocity comparator 108. Although vel-

ocity feedback signals are received at the
velocity comparator 108 from the drum
tachometer 94, it is noted that redundancy is
provided by the velocity signal output from
the B.P.S.T. 83. The velocity signal from the 70
B.P.S.T. 83 provides excess velocity infor-
mation should the drum tachometer 94
develop a malfunction. »

As noted, the “A” and “B”, output sign-
als from the pickup 695 are output from the 75
level translator 699 A line 703 carrying the
“A” signal (also input to the converter 699),
and a line 704, carrying the “B” signal rep-
resentative of the direction of motion of the
wheel 693 are both input to a cascaded 80
array of counters, 706A, 706B, and 706C,
such as those manufactured by Motorola
and sold under model number
MC14516CP. The counters register the
number of pulses received on the line 703 85
during the motion of the block. Thus, the
total count is the measure of the vertical dis-
tance traversed. The directional signal input
on the line 704 determines whether the
count is to be added or subtracted (i.e., 90
countup or countdown) from the initial
value. In the Figure, the array of counters
706 provides a total count of 4096.

The parallel outputs Q(N) of the counters
706 are agplied to a digital-to-analog con- 95
verter 710, such as that manufactured by
Hybrid Systems Corporation and sold under
the model number DAC 380-12. The out-
put of the converter 710 is a current propor-
tional to the magnitude of the count 100
received. Potentiometers 711 and 712 are,
respectively, provided to adjust the zero and
full scale current levels. These potentiomet-
ers may be set, for example, so that a 4mA
signal corresponds to a zero count and a 105
20mA current corresponds to a register
count of 4095. The output current, is, there-
fore, proportional to the elevation of the
traveling block. The output current signal,
sharing the same attributes as discussed
above, is applied to the output line 116 to
the computer (on input channel J) and to
the brake and motor control subsystems 105
and 106, respectively on the lines 116B and
116M.

Since the B.P.S.T. is an incremental posi-
tion sensing system, a reset is employed to-
establish a definite and repeatable correla-
tion between the count registered and the
physical position of the block 68. As noted
earlier in connection with Figure 2, two pro-
ximity switch sensors are located on the car-
riage 79 which are actuated by metal targets
86 and 87. This arrangement provides
unambiguous reset points near the upger
and lower ends of the retractor guide 80.
Each reset switch output is applied to an
anti-bounce network 715 and 716, each
utilizing two cross-coupled NOR gates 718
and 719. The output of each of the networks
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715 and 716 is applied to a bistable network

720. The output of the network 720 func-
tions to maintain one or the other of reset
buses 721 or 722 high (i.e., at logic 1),

5 depending upon which reset switch 715 or
716 is actuated.

The upper reset bus 721 and the lower
reset bus 722 each have a diode-resistor
network wired thereto which forms a pat-

10 tern to the preset inputs J(N) of the counters

706 representing a predetermined count for

the physical elevation of each target. The
output of the anti-bounce networks are fed
through a NAND gate 723 to the preset

15 inputs of the counters 706. Thus, the coun-
ters 706 are preset to a predetermined count
each time a sensor passes its respective
target.

NAND gates 724A, 724B and 724C are

20 connected as a Schmitt trigger network. The
output of the trigger network provides a
reset pulse to the reset inputs of each
counter 706 through a capacitor 725 and a
diode 726. The output of the trigger net-

25 work resets the counters 706 at a fixed time
delay after the system power is apglied. This
time delay is set by the resistor 728 and the
capacitor 725. Any predetermined time
delay may be used. As a result, the counter

30 706 are automatically set to zero count each
time the sytem is powered-up.

However, there remains the possibility
that after the counters 706 are reset to zero
following power-up, one spurious count

35 combined with a down signal from the
magnetic pickup could cause the counters
706 to register a full count of 4095. To pre-
vent this situation, the reset pulse described
above is also applied to a NAND gate 727

40 functioning as an inverter. Its output func-
tions to switch the lower reset bus 722 to
logic 1 through the diode 728. During a
predetermined additional time interval, set
by the capacitor 730 and resistor 731, the

45 preset pin of the middle counter 706B is
enabled through an inverter 732 and a diode
733. The result is that a preset count is
entered following each power-up. In this
example, a count of 48 is entered, although

50 any value can be preset by appropriate rear-
rangement of the logic.

As alluded to above, during both the
make-up and breakout cycles it 1s necessary
and desirable to monitor the load being car-

55 ried by the elevator 75 (Figure 2). Accord-
ingly, as discussed in connection with the
brake control subsystem 105 and the motor
control subsystem 106, feedback signals
from the elevator load control subsystem

60 107 are utilized in the determination by the
motor or brake controls of the speed at
which the drill string is lifted (by the motor)
during break-out cycle or the speed at which
the string is permitted to fall (by the brake)

65 during make-up cycle. The necessity and

advantage of considering the elevator load-
ing is apparent. If the drill string is ‘encum-
bered as it is lifted out of or lowered into the
bore, the loading on the elevator departs
from a predetermined preset minimum (dur- 70
ing lowering) or a predetermined preset
maximum (during hoisting). In either case
damage to bore may occur if the velocity of
the block is not limited.

As seen in Figure 3, the basic drawworks 75
control block diagram, it is noted that the
elevator load control subsystem receives
output signals from computer channels N,

O, and P on lines 175, 176 and 177, respec-
tively. Feedback signals to the computer 80
channels K, L, and M are carried from the
elevator load control subsystem are carried
on lines 178, 179 and 180, respectively. Itis
also noted that a feedback signal representa-
tive of the actual elevator load is output to 85
both the brake control subsystem 105 and
the motor control subsystems 106 through
the lines 136B and 136M, respectively,
while appropriately scaled initial load feed-
back signals are respectively output to the 90
brake and motor control subsystems
through the lines 138B and 138M, respec-
tively. The derivation of these signals is dis-
cussed herein.

The elevator load control subsystem 107 95
derives its operating input from the deadline
force sensor (D.L.F.S.? 95 on the line 110
(Figure 3). The signal from the D.L.F.S. 95
may be conditioned, if desired. As is the
case with all signals derived from relatively 100
distant transducers, the signal from the
D.L.F.S. is a 4-20mA current signal, chosen
for the reasons outlined above.

Referring now to Figure 12, which is a

detailed schematic diagram of the elevator 105
load control subsystem 107, the 4-20 mA
signal is taken from the input line 110 and
converted to a voltage signal by the action of
resistor 735 connected to a negative poten-
tial. This is a configuration similar to that 110
used throughout the invention to convert a
current to a voltage signal. The voltage
signal is filtered by a filtering network 737
including a resistor 738 and a capacitor 739.
The filtered voltage signal is taken through a 115
buffer amplifier 740 and carried by a line
741 to the non-inverting input of a com-
parator 742 through a resistor 743. The
non-inverting input of the comparator 742 is
tied to ground potential through a resistor
744. A potentiometer 745 connected to a
positive potential adjusts the zero point of
the comparator 742.

The output of the amplifier 740 represen-
tative of the loading on the elevator 75
(Figure 2) at any given instant is connected
by a line 747 to a sample-and-hold network
748. The network 748 includes a buffer
amplifier 749 connected to its non-inverting
input to the line 747. The output of the amp- 130
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‘med such that channel

lifier 749 is taken through a diode 750 and a
resistor 751 to a bilateral switch 752. The
junction of the diode 750 and the resistor
751 is tied to ground potential through a
resistor 753 while a fencr diode 754 is
interposed between the junction of the resis-
tor 751 and the switch 752. The output of
the switch 752 is connected to the gate of a
field effect transistor 755 with the gatc also
being connected to ground potential
through a capacitor 756. The drain of the
transistor 755 is connected to a positive
potential. The source is connected to a nega-
tive potential through a resistor 757. The
output of the sample-and-hold network 748
is taken by a line 759 at the source of the
transistor 755 and applied through a resistor
760 to the inverting input of the differential
amplifier 742. The output of the differential
amplifier 742 is fed back to its invertin
input through a resistor 761. The switch 75
is connected through a NAND 763, both
inputs thereof being tied through a diode
764 to the line SAMPLE ZERO LOAD
line 175 leading from computer channel N.
The NAND gate 763 inputs are connected
tcs6 a positive potential through a resistor
765.

When the switch 752 is closed momentar-
ily by an enabling signal on the line 175
from channecl N of the computer, the
capacitor 756 is charged to a level corres-
ponding to the elevator load signal at the
output of the amplifier 740. The signal level
at the output of the transistor 755 on the
line 759 remains at the level existing when

_the switch 752 is gated off until the next gate

signal is applied. The computer is program-
the “SAMPLE
ZERO LOAD signal is activated when the
elevator and block are not in motion and at
an appropriate point in the cycle when the
elevator has not acquircd any load. The
signal presented at the inverting input of the
comparator 742 may then be thought of as
consisting of the tare weight of the elevator
and block plus any offsets and accumulated
long-term drifts existing in the load measur-
ir? networks. At the differential amplifier
742, the zero signal is subtracted from a
signal representative of the instantaneous
elevator load input on the line 741 so that
the instantaneous signal representative of
the actual loading on the elevator at the
output linc 766 from the differential amp-
lifier 742 is presented to the output line 136
ACTUAL LOAD.

The output from the field effect transistor
755 on the line 759 is fed back through a
line 767 to the inverting input of the amp-
lifier 749.

A substantially identical sample-and-hold
nctwork 770 is connected to the output of
thc comparator 742 through the line 771.
The non-inverting input of a buffer amp-

lifier 772 is connected to the signal on the
line 771. The output of the amplifier 772 is
connected through a diode 773 and a resis-
tor 774 to a bilateral switch 775. The junc-
tion between the diode 773 and the resistor
774 is connected to ground potential
through a resistor 776. The junction bet-
ween the resistor 774 and the switch 775 is
connected to ground potential through a
zener diode 777. The output of the switch
775 is connected to a capacitor 779 and to
the gate of a field effect transistor 780. The
drain of the transistor 780 is connected to a
positive potential while the source thereof is
connected to a negative potential through a
resistor 781. The output of the network 770
is taken from the source of the transistor
780. This output is also fed back to the
inverting input of the amplifier 772 by a line
783. The output of the transistor 780 is also
connected through series resistors 784 and
785 to ground potential. A line 786 is con-
nected at the junction of the transistors 784
and 785 for a purpose to be discussed
herein. The output of the sample-and-hold
network 770 is connected by a line 787 to a
switch 788.

The switch 775 is connected to a NAND
gate 790, the tied inputs of which are con-
nected through a diode 791 to the line
SAMPLE LOAD On the line 176 leading
from the output channel 0 of the computer.
The inputs to the NAND gate 790 are con-
nected to a positive potential through a
resistor 792. With the receipt of a signal
from the computer channel 0 on the line 176
the positive signal presnet on the input of
the NAND gate 790 connected as an inver-
ter switches to a logic 0. The output switches
to a logic 1 which gates on the switch 775.
With the switch 775 gated on, the capacitor
779 charges to a signal level such that the
output of the transistor 780 on a line 787 is
equal to the signal level existing at the amp-
lifier 742 output of the line 771. This signal
level at the line 787 remains at the level
existing when the switch 775 is %ated off
until the next gating signal is applied. The
signal from the computer on the line 176 is
activated at a point in the cycle when the
elevator has acquired a load but is not yet in
motion. Thus, the output of the transistor
780 on the line 787 represents the ‘“‘dead
weight” of the drill string load. This is the
INITIAL LOAD and is the base value of
the drill string load used for comparison
with the ACTUAL LOAD by the brake
control subsystem 105 and the motor con-
trol subsystem 106, as discussed in connec-
tion with the description of those subsys-
tems.

The switch 788 is connected at its input by
a line 796 to the non-inverting input of a
buffer amplifier 797. The switch 788 is con-
trolled by a transistor 798 of the NPN type,
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the base of which is connected through a
resistor 799 and the diode 800 to the line
177. The LOAD CONTROL ON signal
from the computer output channel P is
5 applied on the line 177. The signal end of
the resistor 799 is connected to a positive
potential through a resistor 802. The collec-
tor of the transistor 798 is connected to a
positive potential through a resistor 803.
10 The collector of the transistor 798 is also
connected to the control lead of the bilateral
switch 788. The signal end of the resistor
799 is also connected by a line 804 to the
control lead of a second switch 805. The
15 switch 805 connects the output of the amp-
lifier 742 through a line 806 to the non-
inverting input of the buffer amplifier 797.
Except during the CREEP mode, the
LOAD CONTROL ON signal is asserted
20 whenever the drill string is being raised or
lowered. When this signal is asserted, the
switch 788 is gated on and this switches the
signal representing the INITIAL LOAD on
the line 787 to the input of the amplifier
25 797. At the same time, the bilateral switch
805 is turned off. The INITIAL LOAD
signal at the output of the amplifier 797 is
applied through parallel paths including
resistors 810 and 811 to level control cir-
30 cuits 812 and 813, respectively.

Each of the level selectors comprises a
bank of resistors such that, depending upon
the setting of the selector switch, a pre-
determined fraction of the INITIAL LOAD

35 is applied through a resistor 815 to the
inverting input of a buffer amplifier 816.
The non-inverting input of the buffer amp-
lifier is connected through a resistor 817 to
ground potential. The output of the amp-

40 ILifier 816 is fed back through its inverting
input through a resistor 818. The setting
selected by a skilled driller and dialed into
the level controller 812 is an adjustable frac-

tion K1 between 0 and 0.9 of the INITIAL

45 LOAD. This level is inverted by the amp-
lifier 816 and applied on the output line 819
to a connection with the line 138B input to
the brake control subsystem 105.

The physical effect of choosing the factor

50 Ki may be seen by a consideration of the
lowering operation. During lowering, the
actual load on the elevator will be less than
or equal to the initial INITIAL LOAD
value due to frictional forces on the moving

55 pipe. Therefore, it is reasonable to antici-
pate that some deviation of the actual load
on the elevator below that of the INITIAL
LOAD may be encountered during a nor-
mal lowering operation. The magnitude of

60 the allowabfe deviation is defined by the
magnitude of the constant K selectable by
the level controller 812.

A portion of the signal at the inverting
input of the amplifier 816, the magnitude of

65 that portion being defined by the ratio of the

resistors 821 and 822, is applied by a line
823 to the inverting input of a comparator
824. The non-inverting input of the com-
garator 824 is connected through a resistor

25 to the actual load value carried thereto 70
by a line 826. The output of the comparator
824 is connected through a diode 827 and a
resistor 828 connected to the base of an
NPN transistor 829. A suitable base resistor
830 is provided. The output of the transistor 75
829, which is normally conducting, taken at
the collector thereof, is connected by a line
831 to the output line 178 leading from the
elevator load control subsystem 107 to the
computer input channel K. This is the 80
LOAD UNDER LIMIT interrupt signal.
The junction of the diode 827 and the resis-
tor 828 is connected through a diode 833 to
the output taken at the emitter of a transis-
tor 834. The base of the transistor 834 is 85
connected to the LOAD CONTROL ON
line with the collector thereof being tied to a
positive potential. Thus, durin those
periods of time when the LOAD CON-
TROL ON is asserted by the computer, the 90
transistor 834 is not conducting and the
output of the comparator 824 is enabled.
The resistor 821 and 822 establish an
under-limit switching threshold for the
comparator 824 for a given Ki selected. 95
When the value of the actual load falls
below the preset fraction of the scaled INI-
TIAL LOAD at the inverting input of the
comparator 824, the comparator switches so
that the transistor 829 switches off. This 100
constitues an alarm signal indicating that the
elevator load is under predetermined limit
and actuates an interrupt system, halting the
program and applying full braking effort as
discussed above. The interrupt causes the 105
entire system to revert from an automatic to
manual mode.

The level selector 813 operates in a simi-
lar manner. The signal at the output of the
level controller 813 is applied through a 110
resistor 835 to the inverting input of a com-
parator 836. The actual load signal carried
by the line 826 through a resistor 837 is
summed at the inverting input of the amp-
lifier 836 so that a polarity inversion is pro- 115
duced. The non-inverting input is connected
to ground potential through a resistor 838
so that the comparator switching threshold
is zero potential. The output of the com-
parator 836 is connected through a diode 120
839 and a resistor 840 to the base of an
NPN transistor 841 having a base resistor
842. The collector output of the transistor
841 is connected to line 844 and the line
179 to the computer input channel L. This is 125
the LOAD UNDER LIMIT signal. A diode
845 is connected between the junction of
the diode 839 and the resistor 840. This
maintains the transistor 841 in conduction
when the transistor 834 is conduction (i.e.,
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when the LOAD CONTROL ON signal is
not asserted). Thus, the function of the
LOAD OVER LIMIT interrupt is inhibited.
During a hoisting operation, the actual
5 load may be increased over the INITIAL
LOAD value through the effect of friction
between the pipe and the bore. Therefore,
during a hoisting operation, the INITIAL
LOAD is scaled by an appropriate factor K2
10 selected from the level controller 813. The
setting of the selector switch establishes the
gain of the amplificr 849. This appropriately
scaled load is presented by the line 834 to
the output line 138M carried to the motor
15 control subsystem 105. As long as the
ACTUAL LOAD signal stays within the
range of values defined by the constant Ko,
as described above, the motor control sub-
system 106 is permitted to control the hoist-
20 ing velocity without being affected by the
load factor. However, as in the case of the
lowering motion, if the actual loading on the
elevator exceeds some preset fraction (set
by the ratio of the resistors 835 to 837), an
25 interrupt signal is output on the line 179
indicating that the elevator LOAD UNDER
LIMIT has been exceeded, interrupting the
program and causing the entire system to
revert from automatic to manual control.
30 Note that when the LOAD CONTROL ON
signal is not asserted, the line 177 is at logic
1 and the transistor 798 conducts and the
switch 788 is gated off. At the same time,
the switch 805 is gated on. The ACTUAL
35 LOAD value is continuously applied to the
load level selector rather than the INITIAL
LOAD value. This effectively inhibits the
function of the load control subsystem.
The actual load value at the output of the
40 amplifier 742 is also applicd by the line 771
to a load acquired network 850. The signal
is applied to a high-pass filter network com-
prising a capacitor 852 and a resistor 853
connected to ground potential. The filter is
45 tied to the non-inverting input of a buffer
amplifier 854, the output of which is con-
nected by a line 855 to the inverting input of
a comparator 856 through a resistor 857.
The non-inverting input of the comparator
50 856 is conducted by a line 858 through a
resistor 859 from the output of a buffer
amplifier 860. The non-inverting input of
the amplifier 860 is taken from the line 786.
The output of the amplifier 860 is applied
55 through a diode 861 and is fed back to the
inverting input thereof through a resistor
862. The output of the amplifier 860 taken
through the diode 861 is applied through a
resistor 863 to an amplifier 864. The non-
60 inverting input of thc amplifier 864 is con-
nected to ground potential through a resis-
tor 865 while the output thereof is fed back
to the inverting input through a resistor 866.
The output of the amplifier 864 is connected
65 to the inverting input of a comparator 868

through a resistor 869. The non-inverting
input of the comparator 868 is taken
through a resistor 870 from the line 855.

The output of the comparator 856 is con-
nected through a diode 875 and a resistor
876 to the set pin of a cross-coupled NAND
877A and 877B connected as a flip-flop cir-
cuit. The output of the comparator 868 is
taken through a diode 878 and a resistor
879 to the reset input of the flip-flop 877. 75
The output of the flip-flop is taken through
a resistor 880 connected to the base of an
NPN transistor 881. The collector output of
the transistor 881 connected by a line 882 to
the output line 180 from the elevator load 80
control subsystem 107 to the computer on
the input channel N.

The output of the amplifier 854 and the
line 855 is the LOAD ACQUIRED signal.

It is fed to the two comparators 856 and 85
868. The other signal being applied to the
comparators is, as shown, a reference signal
equal to approximately 1/3 the value of the
INITIAL LOAD signal as established by

the resistors 784 and 785. The reference 90
signal to the comparator 868 is inverted by

the amplifier 864 to maintain the proper
signal sense. The reference signals are
necessary so that the comparators can
accommodate a wide range of hook loads. It 95
adjusts the switching point of the com-
parators 856 and 868 to a level consistent
with the drill string load during the previous
cycle. The change in weight over a sequence
cycle to cycle is equivalent to one stand of 100
pipe and so for a typical drill string make-up

the per cent change in weight is negligible.
The output of the comparators 856 and 868
drive the flip-flop 877. Prior to load acquisi-
tion, the normal steady state outputs of the 105
comparators 856 and 868 are at a logic 1
due to the reference signals applied. The
load acquired flip-flop is at a logic 0. The
capacitively coupled load acquired signal
momentarily switches the comparator 856,
so its output switches to logic 0. This sets the
flip-flop 877 so its output switches and
remains at logic 1. Later, a negative going
load released signal momentarily switches
the comparator 868 so that its output pulse
resets the flip-flop and the flip-flop output
switches to logic 8 The transistor 581 con-
ducts during the interval that the elevator 75
is supporting the drill string load. Thus, dur-
ing the time that load is acquired by .the
elevator, a current signal on the line 180 is
applied to the computer channel N. When
the load has been released, the signal cur-
rent level drops to zero.

Referring to Figure 13, a schematic diag-
ram of an automatic sequence disenable and
interrupt logic circuit 900 is shown. The
purpose of this circuitry is to permit an
experienced driller on the derrick to manu-
ally correct some physical problem on the
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rig which is causing the automated sequence
to “hang-up” (a temporary halt to the com-
puter program sequencing) and to perform
that action without risk of physical injury.
Since it is possible that correction of the
structural disorder will enable the auto-
mated sequence to continue, and perhaps
imperil the operator, it is imperative from a
personnel safety stand point that the auto-
matic disenable be provided.

The driller’s control console is provided
with an AUTO MODE switch 901 which in
the NORMAL position applies a positive
voltage signal to a two-pole low-pass filter
and diode limiter 902 to apply a logic 1
signal to the A input of NOR gate 903C.
When a “hang-up” exists in the drawworks
program, indicating that the elements con-
trolled by the drawworks elements (Figure
2) are in 2 motionless condition, the line 904
from the computer goes to logic 0. Similarly
the line 905 from the computer goes to a
logic 0 condition each time a “hang-up”
exists in the racker control program. Thus,
all of the structural elements controlled by
that program (numeral 34, Figure 2) are
also static or motionless. A ‘“hang-up”
therefore occurs only when an appropriate
feedback signal is absent due to a malfuction
or at a point where one program is awaiting
a function which occurs in the other prog-
ram to be completed.

The NOR gates 903A, 903B, 903C and
903D are connected as shown so that when
the three signals (from the switch 901, and
on the lines 904 and 905) are logic 0, a
transistor 906 of the NPN type ceases con-
duction. This constitues an output signal
carried by the line 907 which causes the
AUTO/MANUAL bus to be de-energized.
This inhibits all control function and the
entire system reverts to a manual mode, and
all sequencing is halted. This condition
remains until the AUTO MODE switch is
returned to the NORMAL position. Thus,
after actuating the AUTO/MODE switch to
the DISABLE position, the operator can
safely correct a malfunction without the
danger of the system immediately continu-
ing on in the automatic sequence. Then the
repair has been effected, the switch 901 can
be returned to the NORMAL position and

.the automatic cycle is resumed. Thus, a fault

in the structural system (or any other
operator correctable malfunction) can
therefore be corrected without disrupting
the computer program, and thereby avoid
the complicated start-up and reloading pro-
cedures.

A power-fail sensing system may also be
Brovided. The circuit includes the transistors

10, 911 respectively, of the NPN and PNP
types, and the optical coupler 912. This cir-
cuitry monitors the power supplies utilized
in the invention. The transistor 911 is nor-

mally biased off and is non-conducting while
the optical coupler 912 is conducting and
current in a line 914 is a normal condition.
When any of the monitored power sources
fail, i.e., +15 VDC, —15 VDC, +24 VDC
(tong supply) and 26 V, 400 Hz. AC, the
transistor 911 conducts which biases the
optical coupler 912 to an off or non-
conducting state. Therefore, an output cur-
rent signal to the line 914 is interrupted.
This constitutes an interrupt signal to the
computer on the line 914. Of course, loss of
+24 VDC control power to the coupler 912
accomplishes the same result.

The EXCLUSIVE OR gate 920 receives
input signals on the lines 921 and 922 from
the high drum clutch and the low drum
clutch feedback switches. The drawworks
control utilizes two clutches in the particular
embodiment shown. One or the other of the
clutches may be damaged by simultaneous
engagement of both. The EXCLUSIVE OR
gate accepts only one or the other of the
clutch signals, but not both. This effectively
prevents simultancous engagement of the
clutches. The output of the gate 920 drives a
transistor 923 of the NPN type when, con-
ducting supplies a CLUTCH ENEGAGED
feedback signal to the computer on the line
924.

Although the power tongs structural sys-
tem 28 is not previously described in detail
in connection with Figure 2, power tongs for
making and breaking joints between a pipe
stand and a drill string are well-known in the
art. For example, United States Patent
3,881,375, issued to Robert R. Kelley and
assigned to the Assignee of the present
invention, discloses the basic structure of a
power tongs assembly. In Figure 14, shown
is a highly stylized pictorial representation
of a power tongs assembly 1000. Figure 14
illustrates the main structural elements
common to all power tongs assemblies and
also diagrammatically illustrates additional
structural elements provided in accordance
with this invention.

The tongs assembly 1000 is located adja-
cent to the slips 55 (Figure 2) provided on
the floor 53 of the derrick 20. As is typical
and well-known to the art, the tongs 1000
are mounted on a vertical column 1001,
itself mounted on bearings 1002 to permit
the tongs 1000 to swing into and out of
alignment with the bore being generated. A
collar 1003 is mounted, as by rollers 1004,
for movement along the vertical column
1001. A tongs supporting yoke 1005 is
mounted to the collar 1003 and’ projects
horizontally therefrom. The yoke 1(?05 sup-
ports a cradle 1006 in which a backup tong
1007 and a power driven tong 1008 are dis-
posed. The backup tong 1007 is adapted to

hold one (usually the lower) section of the.

pipe sections defining the joint to be made-
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up or broken-out against rotation while the
driven tong engages the other section to
rotate the same in a predetermined direc-
tion. The direction of rotation depends upon
whether the joint is being made-up or
broken-out.

Also mounted on the column 1001 in any
suitable relationship thereto (shown in Fig-
ure 14 as being in cooperative association
with the collar 1003) is a stabber 1009. As is
well-known to those skilled in the art, the
stabber 1009 may or may not be provided in
a conventional tongs assembly, but if it is so
provided, the stabber 1009 1s operative to
assist in locating or “stabbing” the next pipe
stand to be added to the drill string during a
make-up cycle. Since the structures discus-
scd arc conventional, it is understood that
any suitable configuration of elements
exhibiting these functions and operating to
effcct the make-up or break-out of a joint in
the drill string may be controlled by a con-
trol system 29 embodying the teachings of
this invention.

As is also conventional in the art, a tongs
lifting arrangement 1010 is provided. The
arrangement 1010 comprises means for lift-
ing the tongs from a lower, or storage, posi-
tion to an upper, or standby, position and,
past the standby position to a still-further
upward operating position. Any suitable
mecans may be utilized, as illustrated by the
piston-cylinder arrangement associated with
a chain drive. Fluid, such as pressurized
hydraulic oil, for controlling the lifting and
lowering motion of the tongs is conducted
from a fluid su%)ly to the piston-cylinder
arrangement 1010 on a fluid line 1011, The
speed at which the tongs is raised from the
storage to the standby positions and from
the standby to thc operating positions is

regulated by the fluid in aline 1012 havinga

restrictor 1013 therein.

Included within the backup tong 1007 is
means 1014, such as a piston-cylinder
arrangement, for opening and closing the
backup tong 1007. Fluid, such as pressur-
ized hydraulic oils for operating the piston-
cylinder arrangement 1014 is conducted
thercto on a line 1015. Similarly, means
1017, such as a tongs motor, arc provided in
ogcrativc association with the driven tong
1008 for opcning and closing the jaws of the
power driven tong and for rotating the
power driven tong 1008 in a predetermined
dircction to effect the make-up or break-out
of the joint. Fluid for opcrating the tongs
motor 1017 is carricd on a line 1018 to a
cylinder 1019 related thereto. Means 1020,
such as a piston-cylinder arrangement, is
associated with the stabber 1009 for control-
ling the extension thereof. Fluid, such as
pressurized air, utilized to energize the
piston-cylinder 1020 is conducted thereto
on a linc 1021. Each of these above mcans

for lifting the tongs at a predetermined lift
speed, for opening and closing the backup
tong, for closing the tong motor jaws and
rotating the same, and for extending the
stabber, are conventional in the art and any
arrangement to accomplish the recited func-
tions may be made compatible with the con-
trol system 29.

The tongs 1000 also include a joint sensor
arrangement 1025. Although the joint sen-
sor 1025 is described in complete detail in
connection with Figures 18A and 18B, it
generally comprises a sensor arrangement
having a pivotally mounted roller arm with
limit switch associated therewith such that
deflection of the arm by a predetermined
gortion of a drill pipe (as, for example, the

ox end taper) actuates the limit switch.
When the limit switch is actuated, it is then
known that a predetermined location on the
drill pipe has been reached by the roller.
Further, due to the standardization of drill
pipes for oil drilling work, it is also known
that any another feature of the pipe, such as
the joint itself, is then a predetermined
known distance from the location on the
pipe which energized the limit switch.

The joint sensor 1025 includes means
1026, such as a piston-cylinder arrange-
ment, for extending the sensor to contact
the pipe. Fluid (such as pressurized air) to-
actuate the extension means 1026 is carried
by a line 1027.

In a conventional arrangement, a manu-
ally operated valve 1030 is disposed in
association with the fluid line 1011 (LIFT)
to regulate the flow of fluid therein. The
valve 1030 is usually operable in two direc-
tions to energize the lift means 1010 for
upward or downward movement of the
tongs along the vertical column 1001. A

‘'manual valve 1031 is associated with the

fluid line 1012 (LIFT SPEED) and is manu-
ally operable to adjust the speed at which
the tongs are raised. Usually, the speed is
variable from a first, normal, speed exhi-
bited during movement of the tongs from
the storage to the standby positions, to a
second, slower, speed exhibited during
movement of the tongs from the standby to
the operating positions during which time
the sensor is extended to sense the joint.

A manually operated valve 1032 is
associated with the hydraulic line 1015
(BACKUP) to regulate the flow of hyd-
raulic fluid therein to the backup 1007.
Manual actuation of the valve 1032 controls
the opening or closing of the backup tong
1007, as is appreciated by those skilled in
the art. A valve 1033 is associated with the
fluid line 1018 (TONG) connected to the
tongs motor 1017 to control the openin
and closing of the power driven tong 100§
and the rotation thercof. The valve 1033 is
similar to the valve 1030 and is a two-
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direction manual valve which in one posi-
tion operates the tongs motor 1017 to make
up a drill string while in the other position
operates the tongs motor 1017 to break out
a joint in the drill string.

If a stabber 1020 is utilized, a manual
valve may be provided therefor operative to
control passage of fluid in the lines 1021
(STABBER) to extend or retract the stab-
ber. Further, it would be appreciated by
those skilled in the art if a joint sensor 1025
embodying the teachings of this invention is

utilized in a manual tongs assembly, the

extension of the joint sensor may be manu-
ally effected through the provision of an
appropriate manual valve regulating the
flow of fluid (such as pressurized air) on the
lines 1027 (SENSOR) to control the exten-
sion and retraction thereof.

Since, in the conventional arrangement
above-described (with the exception of the
joint sensor 1025), the control of the tongs
structure is effected by the manual manipu-
lation of valves in the fluid lines, it would be
advantageous to provide an automated elec-
tronic control system, such as the tongs con-
trol system 29 (Figures 1 and 16), to elec-
tronically operate the tongs structure. How-
ever, since the outputs of the control system
29 are electrical control signals, and since
the above-discussed conventional tongs
assembly utilizes fluid energized operators,
it is necessary to provide an electro-
hydraulic interface (E.H.I.) module inter-
mediate between the tongs control system
29 and the tongs structure 28 controlled
thereby. This module is illustrated diag-
rammatically in Figure 14 and discussed in
complete detail in connection with Figure
14A. Each interface module is generally
indicated by reference numeral 1028 and is
provided to-disenable the manually oper-
ated valve with which it is associated and to
substitute therefor an electrically responsive
valve adaptable to be controlled by the elec-
trical oug)ut signals from the tongs control
system 29.

In general, the interface module 1028
includes an electrically operated solenoid
valve connected in parallel relationship with
the manually operated valve and in the same
cooperative relationship with the fluid line
through which the structure of the tongs
communicates with the source of fluid there-
for. Further, each interface module includes
means for selectively enabling the electri-
cally operated valve and simultaneously dis-
enabling the manual valve. The select means
can conveniently be an electrically or manu-
ally operable switch arrangement, or any
other suitable arrangement. Thus, depen-
dant upon the operative mode (automatic or
manual) selected, either the electrically
operated valve or the manually operated
valve will be determinative as to the passage

of hydraulic fluid in the lines with which it is
associated.

As seen in Figure 14, four interface mod-
ules 1028A, 1028B, 1028C and 1028D are
provided so as to make the above-described 70
conventional system responsive to the elec-
trical signal outputs from the tongs control
system 29. (Of course, if a conventional sys-
tem utilized other manually operated valves,
an interface module could be provided to
make the function provided by that
manually-operated valve electrically con-
trollable.) The interface module 1028A
(LIFT) is associated with the fluid line 1011
and controls movement of the tongs 1000 in
a vertically upward and vertically downward
direction. Since the manually operated valve
1030 with which the interface 1028A is
associated is a four-way valve, the electri-
cally responsive valve connected in parallel 85
relationshiﬁ) to the valve 1030 within the
interface 1028A is similarly a four-way
valve. Therefore, electrical lines 1035
(LIFT UP) and 1036 (LIFT DOWN) are
input to the interface module 1028A from 90
the tongs control system 29. The presence of
a signal on the appropriate line 1035 (LIFT
UP) or 1036 (LIFT DOWN) from the tongs
control system 29 initiates, respectively, an
upward lifting movement of the tongs 100095
and a downward movement thereof.

The interface module 1028B is associated
with the manually operated valve 1031 and
includes a valve connected in parallel rela-
tionship thereto which is responsive to an
electrical signal on an electrical line 1037
(LIFT SPEED) to control the rate at which
upward speed of the tongs 1000 is effected.
The interface module 1028C includes a
valve connected in parallel relationship with
the manually operated valve 1032, the inter-
face valve being responsive to a signal on an
electrical line 1038 (BACKUP) from the
tongs control system 29. Energization of the
line 1038 with the manual valve 1032 disen-
abled actuates the electrically responsive
valve within the interface module 1028C to
effect the closing of the backup tong 1007.
Interface module 1028D includes an electri-
cally responsive valve connected in parallel
relationship with the manually operated
valve 1033 and is actuable to control to the
tongs motor 1017 to make-up or break-out
a joint. Since the manually operated valve
1033 is operable in two-directions, the elec-
trically responsive valve within the interface
module 1028D is responsive to signals from
the tongs control system 29 on electrical
lines 1039 (TONG MAKE) or 1040
(TONG BREAK) to respectively initiate
motion of the tongs motor 1017 to drive the
driven tong 1008 to make-up or break-out
the joint. It is understood that if other man-
ual control valves were provided in a par-
ticular manually operated tongs assembly,
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suitable interfaces may be provided to
automate the functions performed thercby
and make control thercof possible by the
use of the tongs control system 29.

A four-way single solenoid, spring offset
electrically responsive valve 1041 responds
to an electrical signal on a line 1042
(EXTEND STABBER) from the tongs con-
rol system 29 to control the passage of fluid
in thc linc 1021 to actuatc thc piston-
cylinder arrangement 1020 to extend or
rctract the stabber 1009. A four-way, single
solenoid, spring offset electrically respon-
sive valve 1043 (similar to the valve 1041)
responds to an electrical signal from the
ton)%s control system 29 on a linc 1044
(EXTEND SENSOR) to actuate the
piston-cylinder arrangement or other suit-
able extension means 1026 disposed within
the joint sensor 1025. It is, of course, under-
stood that if either of these last two func-
tions were provided by a manually operated
control valve in a particular manually oper-
ated tongs asscmbly, a suitable intcrface
module would be provided to discnable the
manually operated valve and selectively
enable the electrically responsive valve to
permit automated control of the tongs
assembly by a control system.

In order to provide automated control of
the tong structurc 28, suitable fcedback
signal generating means, commonly limit
switches, are disposed at predetermined
locations within the structure of the tongs.
An upper limit switch 1045 is disposed so as
to output a signal on a linc 1046 (TONGS
IN STANDBY OR ABOVE) to the tongs
control system 29 representative of the fact
that the tongs have been raised on the col-
umn 1001 to at lcast the standby position. A
lower limit switch 1047 is mounted within
the tongs structurc 28 and outputs a feed-
back signal on the line 1048 (TONGS IN
STORAGE) to the tongs control system 29
representative of the fact that the tongs are
in a storage position along the vertical col-
umn 1001.

Suitable mecans, as a pressurc sensing
switch 1049 disposed on the backup tong
1007 outputs a feedback signal on a line
1050 (BACKUP CLOSED) to the tongs
control system 29 representative of the fact
that the backup tong is in the closed and
locked condition. Similarly, a limit switch or
other suitable detector 1051 outputs an
electrical signal on a linc 1052 (BACKUP
OPEN) to the tongs control system 29 rep-
resentative of the fact that the backup tong
1007 is open. Suitable means, such as a
limit switch 1053, outputs a signal on a line
1054 (STABBER NOT EXTENDED) to the
tongs control system 29 representative of
the fact that the stabber 1009 is in the
extended or not extended position. Feed-
back signal gencrating means, such as a

switch or pressure transducer 1055, dis-
posed on the tongs makeup cylinder 1019
associated with the tongs motor 1017, out-
puts a signal to the tongs control system 29
on a line 1056 (TORQUED UP) indicative
of a fully torqued condition of the tongs
motor 1017 and representative of the fact
that during a make-up cycle ther joint has
been adequately made-up.

The joint sensor 1025 includes feedback
signal generating means such as limit switch
1057 outputting a signal on a line 1058
(JOINT ENS(%R RETRACTED) to the
tongs control system 29 representative of
the fact that the joint sensor is in the
retracted position. When a joint is sensed, a
fecdback signal from the limit switch 1059
associated with the detector in the joint sen-
sor 1025 outputs a signal on a line 1060
(JOINT SENSED) to the tongs control sys-
tem 29 representative of the fact that the
joint has been sensed.

A full discussion of the manner in which
the above-listed fecdback' signals are util-
ized by the tongs control system 29 to ener-
gize appropriate ones of the output lines to
the electrically responsive valves located
within the interface modules 1028 is discus-
sed fully in connection with the tongs con-
trol system 29, herein.

Referring now to Figure 14A, a detailed
schematic diagram of each of the interface
modules 1028A through 1028D is shown.
Each of the interface modules 1028 includes
an electrically responsive solenoid valve
adapted to control the flow of hydraulic
fluid from a supply, or source, thereof to the
respective user apparatus with which the
interface module is associated. Whether the
manually operated valve (and, therefore,
the eclectrically responsive valve disposed
within each interface) is a pilot valve (Ii)n the
sense of initiating the operation of a larger
valve) or is a control valve (in the sense of
interdicting the flow of hydraulic fluid) is a
design consideration dependent upon the
particularities of a given tongs system. The
electro-hydraulic interface module is an
adjunct to the tongs control system 29 and is
adapted to discnable the manually operated
valve and replace it with an electrically
responsive valve which performs the same
function as performed by the manually
operated value. Thus, if the manually oper-
atcd valve were a pilot valve, the electrically
responsive valve in the interface would
assume a pilot valve function. Alternatively,
if the manually operated valve were a con-
trol valve, the ‘electrically operated valve in
the module would assume a control valve
function. The electrically operated valve is
connected in a parallel flow path to the
manually operated valve. Further, each
interface module 1028A through 1028D
includes means, such as a select valve
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switch, disposed in series with the electri-
cally responsive valve and with the manually
operated valve to simultaneously disenable
one of the valves and enable the other of the
5 valves. The select valve switches may be
manually or electrically operated, and are
illustrated as electrically operated in con-
nection with Figure 14A.
The select valves or switches are all ener-
10 gized by the same source, namely the
AUTO/MANUAL BUS from the tongs
control system 29. The manual valves are

enabled whenever the AUTO/MANUAL .

BUS is de-energized and the electrically
15 responsive valves are disenabled. The elec-
trically responsive valves enabled when the
AUTO/MANUAL BUS is energized to
simultaneously energize all select valves.
As seen in the schematic diagram of the
720 interface module 1028A, the four-way
manually operated value 1030 with which
the module is associated is also illustrated.
An electrically responsive four-way solenoid
valve 1065, connected in parallel relation-
25 ship with the manually operated valve 1030,
has solenoid coils 1066A and 1066B associ-
ated therewith. Connected in series with the
electrically responsive valve 1065 is an
AUTO-MANUAL SELECT valve switch
1067, while connected in series to the man-
ually operated valve 1030 is an AUTO-
MANUAL SELECT valve switch 1068.
Actuation of all of the select valve switches
simultaneously enables either the electri-
cally responsive or manually operated val-
ves and simultaneously disenables the other.
The solenoid coil 1066A is connected to the
electrical line 1035 (2LIFT UP) from the
tongs control system 29 while the solenoid
coil 1066B is connected to the electrical line
1036 (LIFT DOWN) from the tongs control
system 29. The presence of a signal on the
line 1035 (LIFT UP) energizes the coil
1066A and lifts the tongs from the storage
to the standby position. Analogously, the
presence of a signal on the line 1036 (LIFT
DOWN) energizes the coil 1066B and low-
ers the tongs from the standby to the storage
position.

The interface module 1028B is associated
with the manually operated valve 1031. An
electrically responsive solenoid valve 1069
is connected in a parallel hydraulic path to
the manually operated valve 1031. The
55 valve 1069 has a solenoid coil 1070 associ-
ated therewith. AUTO/MANUAL
SELECT valve switches 1071 and 1072 are,
respectively, connected in series with the
electrically responsive solenoid valve 1069
and the manually operated valve 1031 for
purposes analogous to those discussed in
connection with the select valve switches
1067 and 1068. The solenoid coil 1070 of
the electrically responsive valve 1069 is
65 connected to the electrical line 1037 (LIFT
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SPEED) output from the tongs control sys-
tem 29. If the select valve switches 1071 and
1072 are disposed so as to simultaneously
disenable the manually operated valve 1031
and enable the electrically responsive valve 70
1069, the presence of a signal on the line
1037 (LIFT SPEED) actuates the valve
1069 to regulate the speed at which the
tongs are lifted from a first to a second ele-
vation. : 75
_ The interface module 1028C operates
exactly as the structure described in connec-
tion with the module 1028B. An electrically
responsive valve 1074 having a solenoid coil
1075 attached thereto is connected in a 80
parallel hydraulic path to the manually
operated valve 1052. AUTO/MANUAL
SELECT valve switches 1076 and 1077 are
respectively connected in series with the
electrically responsive valve 1074 and the 85
manually operated valve 1032. The solenoid
1075 is connected to the electrical line 1038

ACKUP) from the tongs control system

9. If the select valve switches 1076 and
1077 are disposed so as to disenable the 90
manually operated valve 1032 and to simul-
taneously enable the electrically responsive
valve 1074, the presence of a signal on the
line 1038 (BACKUP) from the tongs con-
trol system 29 actuates the valve 1074 to 95
close the backup tong 1007. '

The interface module 1028D is similar in
configuration to that discussed in connec-
tion with the interface module 1028A. That
is to say, a four-way electrically responsive 100
solenoid valve 1078 having first and second
solenoid coils 1079A and 1079B associated
therewith is connected in a parallel hyd-
raulic path to the four-way manually oper-
ated valve 1033. AUTO/MANUAL 105
SELECT valve switches 1073A and 1073B
are respectively connected in series to the
electrically responsive valve 1078 and the
manually operated valve 1033. The solenoid
1079A ‘is connected to the line 1039110
(TONG MAKEBl from the tongs control sys-
tem 29 while the solenoid 1079B is con-
nected to the line 1040 (TONG BREAK)
output therefrom. If the select valve
switches 1073A and 1073B were disposed 115
so as to simultaneously disenable the manu-
ally operated valve 1033 and enable the
electrically responsive valve 1078, the pres-
ence of a signal on the line 1039 (TONG
MAKE) actuates the electrically responsive 120
valve 1078 to enable the tongs motor 1017
to make-up a joint of a drill string. The pre-
sence of a signal on the line 1040 (TONG
BREAK) from the tongs control system 29
actuates the solenoid 1079B and energizes 125
the tongs motor 1017 to break-out a drill
string joint.

Since each of the four interface modules
1028 have substantially the same internal
hydraulic circuitry and utilize substantially 130
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similar type valves, the same supply man-
ifold may be utilized to reduce cost and pro-
vide a symmetrical electro-hydraulic inter-
facc assembly. The interface modules may
5 be mounted on a common base and con-
nccted to common pressure and tank man-
ifolds. A pressure-reducing valve and
accumulator may, of course, be included to
supply a constant pressure. Suitable hyd-

10 raulic line tubing may be used to connect the
valve manifolds and pressure-reducing valve
to the common manifolds and to the input
and output header plates of the electro-
hydraulic interface.

15 The tongs control system 29 cannot equal
the cycle times possible with the manual
controls opcrated by experienced man.
However, it docs not make common mis-
takes such as forgetting to close the backup

20 before rotating the tong, which sometimes
happens with a man at the controls, or posi-
tioning the tong too-high or too-low on the
tool joint. The cycle times of the tongs con-
trol system 29 are fast-enough, however,

25 since the tongs sequence is coordinated with
the racker and drawworks sequences. The
tongs cycle does not cause a delay in the
overall program sequence.

Figure 16 is a dctailed schematic diagram

30 of a tongs control system 29. However,
before embarking upon a detailed discus-
sion of the circuitry of the tongs control sys-
tem 29, refercnce is directed to Figure 15
which illustrates the interconnections bet-

35 ween the tongs control system 29 with the
computer 40. The interconnections between
the tongs control system 29 and the tongs
structural system 28 have been discussed in
conncection with Figure 14, but are repro-

40 duced on Figure 15 for clarity. As seen from
Figure 15, the computer 40 outputs signals
to the tongs control system 29 on a line
1080 (SELECT SEQUENCE), which signal
represents a command from the computer

45 40 for the tongs control system 29 to
exccute either a make-up or a break-out
cycle. The line 1081 (RAISE TONGS) car-
rics a signal from the computer to the tongs
control systcm 29 initiating the raising of the

50 tongs along the vertical column 1001 (Fig-
urc 14) from the storage to the standby posi-
tion. A line 1082 (START SEQUENCE)
carrics a command signal from the computer
40 to the tongs control system 29 initiating

55 the start of the selected sequence.
Upon the receipt of the START SEQU-
ENCE signal on the line 1082, the circuitry
of the ton%s control system 29 initiates
operation of the tong’s physical structure to
60 perform the operations necessary to either
make-up or break-out a drill string. These
command signals from the tongs control sys-
tem 29 have been detailed 1n connection
with Figure 14. Some of the command sign-
65 als, as discussed, must be interfaced through

the electro-to-hydraulic interface shown in
Figure 14A. The tong control system 29 is
input with various feedback signals rep-
resentative of the physical occurrence of
certain actions within the tongs structure. 70
These feedback signals from the means pro-
vided on the tongs structure have been
detailed in connection with Figure 14.

The tongs control system 29 outputs sign-
als back to the computer. On the line 1084 75
(STABBER EXTENDED), an output
signal is carried to the computer 40 indicat-
ing that the stabber (1009, Figure 14) has
been extended. This signal is meaningful
only during the make-up sequence and pro- 80
vides information necessary to continue the
})(ipc racker program. A line 1085 (BAC-

UP OPEN) carries information to the
computer 40 representative of the fact that
the backup tong 1007 is open. Finally, the 85
tongs control system 29 outguts asignalon a
line 1086 (SEQUENCE COMPLETE) rep-
resentative of the fact that the selected cycle
is complete and that the tongs have been
returned to the storage position. 90

Referring now to Figure 16, a detailed
schematic diagram of the tongs control sys-
tem 29 is illustrated. The operation thereof
may be more fully understood by reference
to Figure 17A and 17B which are, respec- 95
tively, timing diagrams for the tongs control
system 29 shown in Figure 16 in the make-
up and break-out cycles.

In the overall computer controlled oil dril-
ling rig embodying the teachings of this 100
invention, the computer coordinates and
sequences the operation of the tongs, draw-
works and racker. The operating philosophy
is to utilize a time-shared arrangement bet-
ween the drawworks and racker control 105
programs, with a minimum of interaction
between the computer and the tongs. Basi-
cally, the computer initiates the selected
tongs activity at the appropriate place in the
cycle, with the activity being controlled by 110
the tongs control system. Necessary signals
from the tongs control to the computer to
enable it to sequence the drawworks and
racker are provided. When the tongs activity
is completed a signal to this effect is sent to
the computer.

It may also be noted that the control sys-
tem shown in Figure 16 is able to be utilized
in connection with any power tongs struc-
ture due to the similarity of the operating
elements. As discussed, all power tongs
require a lift and lift speed controls, back-up
tong controls, power driven tong controls, as
well as initiation signals to a stabber (if one
is provided) and an initiation signal for 125
operation of a joint sensor. Thus, the con-
trol system disclosed herein is adaptable and
uscful with any power tongs. Although the
initiating signals to the control system origi-
nate from a digital computer, it is under-
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stood that the initiating instructions may be  1102. The clock signal is derived from a
provided to the control system 29 througha NOR gate 1103 which derives its inputs
push-button control box, thus making the from the Q output of the network 1092 and
control “manual” (in the sense that the the output of the inverter 1097, both of

5 sequencing signals to the tongs control which are at logic 0 at this time. The data 70
originate from a human operator as opposed input to the flip-flop 1102 is derived from
to a digital computer) but still “automatic”  the output of a NOR gate 1104. The inputs
(in the sense that valves regulating the flow to the gate 1104 (both of which are at logic
of pressurized fluid to the tongs structure 0 at this time) are derived from the output

10 are operated by the electrical signal outputs  of the inverter 1097 and from the Q output 75
of the tongs control system.) of the LIFT UP flip-flop 1094. The Q out-

All of the feedback signals from the tongs  put of the flip-flop 1102 is applied through
structure 28 are applied to the tongs control  an inverter 1105 and a transistor 1106 to
29 through filter elements 1090 as shown in  the line 1044 (EXTEND SENSOR) to

15 Figures 16A and 16C. Each element 1090 extend the joint sensor 1025 (Figure 14). 80
contains a two-pole, low-pass filter to The sensor 1025 is extended only when the
remove transients. It also contains a diode tongs are being lifted and only when the
limiter to limit the magnitude of the input tongsare above the standby position.
signal to a level compatible with the suc- The slow upward motion of the tongs con-

20 ceeding logic components. tinues until a JOINT SENSED feedback 85

In a make-up cycle, the signal from the signal is received from the joint sensor 1025
computer on the line 1081 (RAISE on the feedback line 1060. :
TONGS) provides a logic signal to raise the The JOINT SENSED feedback signal on
tongs to the standby position. The RAISE the line 1060 generates several responses

25 TONGS signal on the line 1081 is filtered within the tongs control network 29. The 90
and limited, as discussed above, and applied signal on the line 1060, after appropriate
to a delay circuit 1093 including a multivib-  filtering and limiting, resets the LIFT UP
rator A, inverters B and C, and a NOR gate flip-flop 1094 through an amplifier 1108 to
D. The delay circuit 1093 provides a pre- thereby stop the upward motion of the

30 determined delay so that the duration of an  tongs. A JOINT SENSED signal also resets 95
incoming signal on the line 1081 must last at  the JOINT SENSOR flip-flop 1102, again
least the predetermined delay interval (for derived through the amplifier 1108, to
example, 0.3 seconds) before it is passed retract the joint sensor 1025. Thirdly, the
into the control logic. The delay 1093 pro- JOINT SENSED signal on the line 1060
vides additional protection against line sets a JOINT SENSED flip-flop memory 100
transients causing a false signal. 1110 as illustrated by reference characters

The output of the delay circuit 1093, and W-W. Finally, the JOINT SENSED signal
specifically the output of the NOR gate D, on the line 1060 causes the stabber 1109
clocks a LIFT UP flip-flop 1094. When (Figure 14) to extend by clocking a STAB-
clocked, the Q -output of the LIFT UP flip- BER flip-flop 1112 which applies a signal 105
flop 1094 goes to a logic 1 and that signalis through an inverter 1114 and a transistor
amplified by an amplifier 1095 and applied 1115 to the line 1042 (EXTEND STAB-
to a transistor 1096 causing it to conduct. BER). The STABBER f{lip-flop is clocked
The output signal on the line 1035 (LIFT through a NOR gate 1117. The NOR gate
UP) is applied to the E.H.I. 1028A to raise 1117 derives its inputs from the output of 110
the tongs in an upward direction from the the amplifier 1108 and from the Q output of -
storage toward the standby position. The the Schmitt trigger network 1092.
output of the delay network 1093 also resets The receipt of a JOINT SENSOR
the BACKUP CLOSED MEMORY ﬂig— RETRACTED signal on the line 1058 from
flop and the JOINT SENSED MEMORY the limit switch 1057 (Figure 14) clocks a 115

" flipflop, as illustrated by the reference BACKUP flip-flop 1119. The output of the
characters Z-Z. BACKUP f{lip-flop 1119 generates a signal

At the standby position, a feedback signal on the output line 1038 (BACKUP)
on the line 1046 (from the upper limit through an inverter 1120 and a transistor
switch 1045 (Figure 14) ) generates a LIFT 1121 to close the backup tong 1007. A 120
SPEED signal on the line 1037 to shift the feedback signal STABBER EXTENDED
speed of the upward motion of the ton%s to from the switch 1053 is output on the line
slow. The output signal on the line 1037 1084 to the computer 40.

(LIFT SPEED) is derived through an inver- At this point in the sequence there is a
ter 1097, a NOR gate 1098, an amplifier pause until a signal is received on the line 125
1099 and a transistor 1100. The NOR gate 1082 (START SEQUENCE) from the
1098 derives its other input from the Q out- computer (Figure 15) commanding that the
put of the LIFT UP flip-flop 1094. The joint make-up sequence be started. This
same signal from the output of the inverter signal is conducted through a delay circuit

65 1097 clocks a JOINT SENSOR flip-flop 1124 comprising a multivibrator E, inver- 130
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ters F and G and a NOR gate H. The delay
network 1112 acts to impose a predeter-
mined delay (for example, 0.3 seconds) such
that the interval of any incoming signal on
5 the 1082 must be at least 0.3 seconds in
duration before it is passed. The output of
the delay network 1124, and specifically the
NOR gate H, resets the STABBER flip-flop
1112, retracting the STABBER 1109 (Fig-

10 ure 14). The output signal from the delay
circuit 1124 provides one input to an AND
gate 1126 through an inverter 1127 and a
NOR GATE 1128. The NOR gate 1128
derives its jnputs from the inverter 1127 and

15 ‘from the Q output of the bistablc network
1092. The second input to the AND gate
1126 is derived from a feedback signal from
the switch 1053 on the line 1054 indicating
that the stabber is not extended.

20 The output of the AND gate 1126 is
applied to a NOR gate 1130 which derives
its other input from an inverter 1131. The
inputs to the inverter 1131 are derived from
a feedback signal on the line 1058 (BAC-

25 KUP CLOSED) from the limit switch 1049

Figure 14). The input on the line 1058
BACKUP CLOSED) is applied to a delay
circuit 1133 for reasons similar to those dis-
cussed above. The delay circuit 1133

30 includes a multivibrator I, an inverter J, and
a NOR gate K. The output of the delay net-
work 1133 is applied to the inverter 1131
and also sets a BACKUP CLOSED MEM-
ORY flip-flop 1134.

35 The output of the NOR gate 1130 sets a

MAKE-UP flip-flop 1135. The Q output of

the MAKE-UP flip-flop 1135 enables the

appropriate one (1137A) of the NAND
5§ates 1137A and 1137B through a diode

138. The second input to the NAND gate
1137A is derived from the Q output of the
bistable network 1092 as illustrated by the
reference characters U-U. The second input
to the NAND gate 1137B is derived from

45 the Q output of the network 1092 as illus-
trated by the reverence characters V-V.

The output of the enabled NAND gate
1137A is applied to the line 1039 (TONG
MAKE) through a diode 1139, an inverter

50 1140, and a transistor 1141. This causes the
jaws of the power driven tong to close and
to rotate clockwise to make-up the joint.
The output of the NAND gate 1137B,
which is not enabled during the make-u

55 mode, is applied to the line 1040 (TON
BREAK) through a diode 1143, an inverter
1144 and a transistor 1145. The tongs
motor 1017 is rotated until a TORQUE
UP signal on the line 1056 is received from

60 the feedback means 1055 on the makeup
cylinder (illustrated as a switch in Figure
16A). The signal on the line 1056 (TOR-
QUED UP) resets the MAKE-UP flip-flop
1135, as illustrated by the reference charac-

65 ters P-P, which stops the tongs motor rota-

40

tion. As the Q output from the MAKEUP
flip-flop 1135 goes low, a pulse is applied
through a capacitor 1147 and an inverter
1148 to initiate a timer 1150 (t:) comprising
NOR gate 1151A and an inverter 1151B. 70
The output of the timer 1150 provides an
adjustable delay t: (see timing diagram, Fig-
ure 17A), the period of which is set by a
potentiometer 1150A.

When the time t: rungs out, a pulse 75
through a capacitor 1152 initiates a second
timer 1154 comprising NOR gates 1155A
and an inverter 1155B. This timer 1154 (set
by a potentiometer 1154A) provides an
adjustable time ts during which the electri- 80
cally controlled solenoid valve 1077 con-
nected by the line 1040 (TONG BREAK)
in the interface module 1028A (Figure
14A) is energized through a resistor 1196
and a NAND gate 1157, a diode 1158, the 85 -
inverter 1144 and the transistor 1145. This
signal on the line 1040 reverses the tongs
motor 1017 so that it rotates clockwise to
oBen the jaws of the power driven tong
1008. The second input to the NAND gate 90
1157 is derived from the Q output of the
Schmitt trigger network 1092 as illustrated
by reference characters U-U. When time ts
runs out, the signal on the line 1040 termi-
nates, de-energizing the transistor 1017. At 95
the same time, a pulse is applied through an
inverter 1160, a capacitor 1161 and a diode
1162 to reset the BACKUP flip-flip 1119
which causes the backup tong 1007 to open.

A signal on the line 1052 (BACKUP 100
OPEN) from the switch 1051 (Figure 14
clocks a LIFT DOWN flip-flop 1164. The
output ga logic 1) of the LIFT DOWN flip-
flop 1164 is applied to the line 1036 (LIFT
DOWN) through an amplifier 1165 and a 105
transistor 1166 to lower the tongs. In addi-
tion, the signal on the line 1052 (BACKUP
OPEN) is AND-ed with two other signals
through diodes 1168, 1169 and 1170. The
BAC]g(UP OPEN signal is applied on the 110
output line 1085 through the amplifier 1172
and transistor 1173 only if the JOINT
SENSED MEMORY flip-flop 1110 and the
BACKUP CLOSED MEMORY flip-flop
1134 have both been previously set. There- 115
fore, the BACKUP OPEN signal is output
on the line 1085 to the computer is inhibited
unless the tongs have been cycled through
the major phases of their operational sequ-
ence.

As the tongs approach the storage posi-
tion, the lower limit switch 1047 (Figure 14)
outputs a signal on the line 1048 to the
tongs control system 29. This signal is
applied through an amplifier 1175 and a
diode 1176 to reset the LIFT DOWN flip-
flop 1164. '

Resetting of the LIFT DOWN flip-flop
1164 stops the tongs lowering motion. A
signal from the lower switch 1047 is also 130
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?%)plied to the line 1086 (SEQUENCE
OMPLETE) indicating that the tongs
sequence is completed (Figure 15). It sig-
nified to the computer that the tongs are

5 clear of any potentially obstructing position

with the elevator to permit the elevator 75
(Figure 2) to be lowered to the desired ele-
vation.

A delay network 1178 (Figure 16C) con-

10 sisting of a resistor 1179, a diode 1180, a
capacitor 1181 and an inverter 1182 func-
tion to reset all flip-flops as illustrated by
reference characters R-R when system
power is applied. It insures that all logic

15 components are preset to the proper state at
the beginning of the sequence.

The timing diagram for a break-out cycle
is shown in Figure 17B. During a break-out
cycle, a logic 1 signal on the line 1080

20 (SELECT SEQUENCE) from the compu-
ter 40 transfers the logic circuits to the
proper configuration. Namely, the Q output
of the Schmitt trigger network 1092 is in a
logic 0 condition while the Q output thereof

25 is in a logic 1 condition. A RAISE TONGS
signal on the line 1081 sets the LIFT UP
flip-flop 1094 raising the tongs, as previ-
ously discussed. The lifting motion of the
tongs is halted by a feedback signal from the

30 upper limit switch 1045 (Figure 14) on the
line 1046 which is inverted the the inverter
1097, and coupled through a capacitor 1184
and a NOR gate 1185 to reset the LIFT UP
flip-flop 1094. A pause in the tong sequence

35 follows with the tongs remaining in the
standby position.

When the tool joint is hoisted into posi-
tion, a break-out signal is applied on the line
1082 (START SEQUENCE) through the

40 delay network 1124. The output of the
delay network 1124 clocks the JOINT
SENSOR flip-flop 1102 through inverter
1127 and a NOR gate 1187 to extend the
joint sensor 1025. The other input to the
NOR gate 1187 is derived from the Q out-
put of the bistable network 1092. The out-
put of the delay network 1124 also clocks
the LIFT UP flip-flop 1094, again through

the inverter 1127 and NOR 1187.

The Q output of the LIFT UP flip-flop
1094 is NOR-ed at the gate 1098 with the
signal from the upper limit switch 1045 on
the line 1056 as inverted by the inverter
1097. The output of the NOR gate 1098 is
55 applied through the amplifier 1099 and
applied to the transistor 1100 switches to a
conductive state. The output signal on the
line 1037 (LIFT SPEED) switches the tongs
lifting motion to a speed slow enough to
detect the joint. The joint sensor is extended
when the JOINT SENSOR flip-flop 1102 is
clocked by a signal from the output of the
NOR gate 1103. The NOR gate 1103
derives its inputs from the output of the
65 inverter 1097 and the Q output of the bist-

45

50

60

able network 1092.

As the tongs reach the desired elevation,
a JOINT SENSED feedback signal on the
line 1060 from the joint sensor 1025 is
received. The JOINT SENSED signal resets 70
the LIFT UP flip-flop 1094 through the
amplifier 1108 to stop the lift motion of the
tongs. The JOINT SENSED feedback signal
also sets the JOINT SENSED MEMORY
flip-flop 1110 as illustrated by the reference 75
characters W-W. The JOINT SENSED
feedback signal also resets the JOINT SEN-
SOR ftip-flop 1102 through the amplifier
1108 to retract the joint sensor 1025. The
retraction of the joint sensor 1025 generates 80
a feedback signal on the line 1058 to clock
the BACKUP flip-flop 1119.
A signal from the feedback switch 1049
on the line 1058 (BACKUP CLOSED) is
applied to the delay network 1133 to pre- 85
vent any initial transients as the backup
starts to close from appearing as a true
signal. The output of the delay network
1133 sets the BACKUP CLOSED MEM-
ORY flip-flop 1134. The output of the delay 90
network 1133 is also applied to a NAND
gate 1188. The second input to_the NAND
gate 1188 is derived from the Q output of
the Schmitt trigger network 1092 as illus-
trated by the reference characters V-V. The 95
output of the NAND gate 1188 is coupled
through a capacitor 1189 to a timer 1190.
The duration of the output of the timer
1190 is an adjustable time delay ts (Figure
17B) set by a potentiometer 1190A. The
output of the timer 1190 is connected
through a diode 1191 and switches the
properly enabled NAND gate. In this case
the enabled gate, 1137B, derives its second
input from the Q output of the bistable net-
work 1092 as illustrated by reference
characters V-V. A signal is applied to the
line 1040 (TONG BREAK) through the
diode 1143, the inverter 1144 and the trans-
istor 1145 to the tongs motor 1017 to break
out the joint by counterclockwise rotation.

When the timer 1190 times out, the tongs
motor 1017 is de-energized and a pulse is
coupled through the capacitor 1147 and the
inverter 1148 to start the t: timer 1150.
During the break-out cycle the transistors
1192 and 1193 are conducting so that the
potentiometer 1150A which normally sets
the duration of t1 is bypassed. A long delay
is unnecessary in the break-out mode. When
the t: timer 1150 times out, a pulse is cou-
pled by the capacitor 1152 to initiate the ts
timer 1154. The output of the ts timer 1154
is applied to a NAND gate 1195 through a
resistor 1196. This input to the NAND gate
1195 is also coupled from the output of the
inverter 1097 through a diode 1197 and an
inverter 1198. The second input of the
NAND gate is connected to the Q output of
the Schmitt trigger network 1092 as illus- 130

100

105

110

115

120

125



38 1592 941 38

trated by reference characters V-V.

When the output of the ts timer 1154 is
applied to the NAND gate 1195, its output
switches to logic 1 and this is applied

Sthrough a diode 1199 and the amplifier
1140 to the line 1039 (TONG BREAK).
This energizes the tongs motor 1017 (Figure
14) for the time period ts in a clockwise
direction so as to open the jaws of the power

10 driven tong 1008.

When the tz: timer 1154 is timed out, a
pulse is coupled through the inverter 1160,
the capacitor 1161 and the diode 1162 to
reset the BACKUP flip-flop 1119. This

15 opens the jaws of the backup tong 1007. A
signal on the line 1052 (BACKUP OPEN)
from the switch 1051 clocks the LIFT
DOWN flip-flop 1164 to return the tongs to
the storage position. This signal (BACKUP

20 OPEN) is applied through the diode 1170 to
the amplifier 1172 along with enabling sign-
als through the diodes 1168 and 1169 to
switch the transistor 1173 on. This output
signal on the line 1085 (BACKUP OPEN)

25 is applied to the computer only if the previ-
ously discussed preconditions have been
met. This signal to the computer 40 signifies
that the pipe stand is ready to be moved to
its storage position.

30 When the tongs reach the storage position
the switch 1047 outputs a signal on the line
1048 (TONGS IN STORAGE) to reset the
LIFT DOWN flip-flop 1164 halting the
motion and a signal on the line 1086

35 (SEQUENCE COMPLETE) is output to
the computer indicating that the tongs sequ-
ence is complete.

The diodes 1201 and 1202 prevent the
BACKUP flip-flop 1119 from being clocked

40 while the ton% lift is in motion. Conversely,
the BACKUP OPEN signal on the line
1052 is applied as an enabling signal to the
data input of the LIFT UP flip-flop 1094 as
illustrated by reference characters Q-Q and

45 the data input of the LIFT DOWN flip-flop
1164. Neither flip-flop may be clocked
unless the backup is open. This prevents
tong lift motion unless the backup is open.

Referring to Figures 18A and 18B,

50 respectively shown are side elevational and
top views of a joint sensor generally indi-
cated by reference numeral 1025. The joint
sensor 1025 is attached beneath the backup
tong 1007 of a power tongs assembly (Fig-

55 ure 14) and is operative to accurately posi-
tion the backup tong 1007 and a driven tong
1008 in a symmetrical relationship with the
tool joint being made-up or broken-out by
the tongs 1000 under the control of the

60 tongs control system 29. Since the gripping
space for the tongs dies is limited, and since
considerable force must be applied to these
dies, it is necessary to locate the backup
tong 1007 aud the driven tong 1008 as

65 nearly as possible in vertical symmetry

above and below a horizontal plane extend-
ing through the tool joint.

The joint sensor 1025 includes a sensor
arrangement 1204 which comprises an arm
1206 having a roller 1208 thereon, the rol- 70
ler being contactable with a drill pipe and
the arm being pivotally moveable with
respect thereto from a first, normal, position
to a second, deflected, position. The detec-
tor arrangement 1204 also comprises means 75
1210, including the limit switch 1059,
associated with the arm 1206 for generating
an electrical signal on the output line 1060
(JOINT SENSED) when the arm 1206 is
pivotally deflected a predetermined angular 80
distance from the normal position by being
brought into contact with a distended loca-
tion on the pipe. The arm 1206 is biased
into the normal position by an internal
spring assembly (not shown). The means 85
1210 may be any suitable commercially
available assembly, such as that sold by
Mirco under model number BZLN-2-RH.

In Figures 18A and 18B, the joint sensor
arrangement 1204 of the sensor 10235 is 90
mounted on a carriage 1212 disposed for
movement within a suitable housing 1214.
The housing 1214 is connectable by any
suitable attachment arrangement 1216 to
the underside of the backup tong 1007. Dis- 95
posed within the housing 1214 is a fiston-
cylinder arrangement 1026 (Figure 14). The
piston-cylinder arrangement is in fluid
communication with the lines 1027 carryin,

a fluid (such as pressurized air) (Figure 14% 100
illustrated diagrammatically on Figure 18A

and are provided to extend the joint sensor
from a first, horizontally retracted, position

to a second, horizontally extended, position.
Included within the piston-cylinder 1026 is 105
the limit switch 1057 which outputs an elec-
trical signal on the line 1058 (JOINT SEN-
SOR RETRACTED) to the tongs control
system 29 when the sensor 1204 is in the
horizontally retracted position. The cylinder 110
1026 may provide a stroke greater than is
necessary to extend the sensor 1204 to con-

tact the pipe whose joint is to be sensed to
provide an additional ability to follow any
longitudinal misalignment of the pipe or 115
irregularities in its surface, as with pipes
exhibited an external upset (Figure 19). The
pressure of the pressurized air in the line
1027 is sufficient to hold the extended sen-

sor 1204 in position against the pipe. It is 120
most advantageous to use a compressible
fluid, as pressurized air, so that the pressur-
ized air in the piston-cylinder 1026 acts as a
spring to allow movement of the sensor
1204 after it is extended.

The carriage 1212 has horizontal roller
element 1218 engageable with guide rails
1220 mounted within the housing 1214. The
horizontal rollers 1218 are provided to
facilitate the horizontal movements of the 130
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sensor 1204 and carriage 1212 therefore in
rl%s gnse to actuation of the piston-cylinder

In one embodiment, the carriage 1212 is
provided with a pair of guide rollers 1222A
and 1222B. As shown in Figure 18B, the
axes of rotation of each of the guide rollers
1222 define a predetermined angle 1224 of
approximately 120 degrees therebetween.
The angularity between the guide rollers
1222 assists in centering the sensor 1204
laterally with respect to the pipe. Centering
springs 1226A and 1226B are also provided
between the guide rails 1220 and the hous-
ing 1214 to permit the guide rollers 1222 to
align the sensor 1204 with the pipe even
though the pipe may not be centered within
the tongs. In an alternate embodiment, the
guide roller 1222 and the detector roller
1208 may each of a predetermined lateral
dimension and in a parallel relationship so
as to be able to contact the pipe regardless
of the centered orientation thereof with
respect to the tongs. In such a structural
embodiment, the carriage 1212 is moved
horizontally from the retracted to the
extended position by the piston-cylinder
1026 and lateral centering of the sensor
1204 on the pipe is not required.

In operation, the sensor roller 1208
moves with the tongs slowly upwardly until
the arm 1206 is pivotally deflected from its
normally outwardly biased position against
the surface of the pipe by a distended sur-
face feature on the pipe. With reference to
Figure 19, it is there shown that dependent
upon the pipe utilized, any one of a pre-
determined number of distended portions
on the pipe may be used to actuate the sen-
sor arrangement. The location on the box
end taper (Figure 19) having a predeter-
mined diameter of "approximately 5.70
inches when using 5.00 inch drill pipe, is
such a convenient location on the pipe.
When the predetermined location on the
pipe is encountered by the sensor roller
1208 and the arm 1206 1s pivotally deflected
from the normal position, the switch 1059
emits an electrical signal on the line 1060
that the joint has been sensed. When the
predetermined location on the pipe is
encountered, the distance 1230 from that
location to the joint is a known value. As
discussed in connection with the tongs con-
trol system 29 in Figure 16, the lift is stop-
ped, the sensor is retracted, and the backup
tong 1007 is locked.

Due to the standardization of drill pipes
in the oil drilling industry, detection of a
predetermined location, such as a pre-
determined diameter on the box end taper,
insures that any other surface feature on the
pipe, such as the joint itself, is then a pre-
determined known distance 1230 from the
location which generated the deflection

signal. Thus, it is insured that the tongs is in
the operating position, that the backup tong
and the driven tong are vertically symmetri-
cal with respect to a horizontal plane
through the pipe joint and that the joint may
be made-up or broken-out by the tongs.

With reference to Figure 19, shown are
views of standard drill pipe stands having
the commonly named portions thereof indi-
cated as shown. Each end of each pipe stand
illustrated has a distended joint portion
indicated on Figure 2 at reference numeral
56. One end of the stands includes a
threaded male member while the opposite
end thereof is an internally threaded female
member. Normally, the pipe stand is
inserted into the drill string such that the
male end of each stand is inserted into the
bore before the female end thereof. The
male end of the next-to-be engaged stand is
then connected by a power tongs to the
protruding female member of the last-
inserted stand.

At both the male and female ends of the
stand, below the tool joint outer diameter, a
taper portion known as the box end taper
and the pin end taper, respectively, is pro-
vided on the female and male ends of the
stands. Depending upon whether an internal
or external upset is provided, further taper-
ing of the drill pipe stand may occur. The
basic difference between an internal and
external upset pipe stand is illustrated in
Figure 19. Basically, an internally upset pipe
presents a constant outer diameter between
each of the end tapers while an externally
upset pipe exhibits an upset taper on the
exterior of the pipe stand. In order to
accommodate either internally or externally
pipe stands, the joint sensor 1025 embody-
ing the teachings of this invention is opera-
tive to emit a signal when the roller 1208
and arm 1206 thereof comes into abutting
contact with and is deflected by a predeter-
mined location on the box end taper. Of
course, any predetermined location on the
end taper sections, either on the internally
or externally upset pipe stand, may be
detected by a joint sensor 1025 embodying
the teachings of this invention.

Having described a preferred embodi-
ment of the invention, those skilled in the
art may appreciate that modifications may
be imparted thereto yet remain within the
scope of the appended claims.

WHAT WE CLAIMIS:—

1. An automated oil drilling rig compris-
ing; racker means for carrying a pipe stand
between a storage location at the side of the
rig and a location along the vertical axis of
the rig for connection or disconnection to a
drill string; a racker control system con-
trolling the operation of the racker means;
tongs for making and breaking joints bet-
ween a pipe stand carried by the racker
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means and a drill string; a tongs control sys-
tem controlling the operation of the tongs; a
drawworks, including a motor and a brake,
for lifting and lowering a predetermined
length of drill string after a joint therein is
madc or broken by the tongs; a drawworks
control system controlling the operation of
the drawworks; and a general purpose prog-
rammable digital computer associated with
the racker, the tongs and drawworks control
systems for sequentially initiating the opera-
tion of the racker means, tongs and draw-
works.

2. An oil drilling rig according to claim
1, whercin the drawworks control system
includes means for controlling the draw-
works motor to lift a predetermined length
of drill string to a predetermined position
within an oil derrick at a predetermined vel-
ocity, the drawworks motor control means
comprising: a block arrangement connected
to the drawworks motor and adaptable to
support the upper end of a drill string during
lifting thercof; means for outputting a posi-
tion signal functionally related to the eleva-
tion of the block arrangement with respect
to a vertical axis extending through the der-
rick; means for outputting a velocity signal
functionally relatecf) to the velocity of the
block arrangement; means for outputting a
load signal functionally related to the mag-
nitude by which the weight supported by the
block arrangement deviates from a pre-
determined portion of the weight supported
by the block arrangement when it is in a
substantially static condition; mecans for
generating an error signal functionally
related to the difference between the posi-
tion signal and a signal representative of the
predetermined position to the difference
between the velocity signal and a signal rep-
resentative of the predetermined velocity,
and to the load signal; and, means respon-
sive to the error signal for driving the motor
in a manner so as to change the error signal
in a direction such as to reduce the block
velocity otherwise prevailing.

3. An oil drilling rig according to claim
1, wherein the drawworks control system
includes means for controlling the draw-
works brake for lowering a predetermined
length of drill string to a predetermined pos-
ition within an oil derrick at a predetermined
velocity, the drawworks brake control
means comprising: a block arrangement
connected to the drawworks brake and
adaptable to support the upper end of a drill
string during lowering thercof; means for
outputting a position signal functionally
related to the elevation of the block
arrangement with respect to a vertical axis
extending through the derrick; means for
outputting a position signal functionally
related to the velocity of the block arrange-
ment; means for outputting a load signal

functionally related to the magnitude by
which the weight supported by the block
arrangement deviates from a predetermined
portion of the weight supported by the block
arrangement when it is in a substantially sta-
tic condition; means for generating an error
signal functionally related to the difference
between the position signal and a signal rep-
resentative of the predetermined position to
the difference between the velocity signal
and a signal representative of the predeter-
mined velocity, and to the load signal; and,
means responsive to the error signal for
agplying the brake in a manner so as to
change the error signal in a direction such as
to reduce the block velocity otherwise pre-
vailing.

4. An oil drilling rig according to claim
1, wherein the drawworks includes an
elevator arrangement including a travelling
block, and the drawworks control system
includes: means for controlling the draw-
works motor to lift and the drawworks
brake to lower a length of drill string to a
predetermined height at a predetermined
velocity in response to electrical signals rep-
resentative of a command position and a
command velocity input thereto from the
programmable general purpose digital com-
puter operating under control of a program
and in response to electrical signals rep-
resentative of the actual block velocity,
actual block position, actual elevator load-
ing and a predetermined scaled portion of the
initial elevator loading; position indicating
means for generating an electrical signal
functionally related to the actual position of
the travelling block moving under the con-
trol of the drawworks motor and brake;
tachometer means for generating electrical
signals functionally related to the actual
speed and actual direction of motion of the
travelling block moving under the control of
the drawworks motor and brake; sensor
means for generating an electrical signal
functionally relating to the instantaneous
actual net loading on the elevator; and
elevator load control means associated with
the sensor means and responsive to the gen-
eral purpose programmable digital compu-
ter operating under control of a program for
generating an electrical signal representa-
tive of a predetermined scaled portion of the
acceptable loading on the elevator during
lifting and lowering thereof.

5. An oil drilling rig according to claim 4
wherein the drawworks control system
includes: velocity comparison means associ-
ated with the tachometer means for compar-
ing the electrical signals representative of
the actual speed and actual direction of
motion of the block with electrical signals
represcntative of a predetermined max-
imum velocity and a predetermined direc-
tion of motion input thereto from the prog-
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rammable general purpose digital computer
operating under control of a program and
for generating alarm signals if either the
actual speed or actual direction of motion of
5 the block differs from the predetermined
speed or predetermined direction of motion.

6. An oil drilling rig according to claim 4
wherein the drawworks control system
includes: logic means associated with the

10 drawworks motor and brake control means
and responsive to the programmable gen-
eral purpose digital computer for disenabl-
ing the motor control means during lower-
ing of the travelling block from an upper to

15 a Iower height within the drilling rig under
the control of the brake control means.

7. An oil drilling rig according to claim 4
wherein the drawworks control system
includes: logic means associated with the

20 draworks motor and brake control means
and responsive to the grogrammable general
purpose digital computer for enabling the
brake control means and the motor control
means during a predetermined initial por-
tion of a lifting motion of the travelling
block from a first, lower, height to a second,
upper, height and during a predetermined
final portion of the lifting motion when the
block is within a predetermined close dis-
tance of the upper height and for disenabl-
ing the brake control means during the por-
tion of the lifting motion intermediate the
initial and final portions while the travelling
block is lifted under control of the motor
control means.

8. An oil drilling rig according to claim 4
wherein the drawworks motor control
means comprises a closed-loop control
arrangement including: means for generat-
ing a load signal functionally related to the
magnitpde by which the actual elevator
loading deviates from the predetermined
scaled portion of the initial elevator loading;
means for generating an error signal func-
tionally related to the difference between
the command position signal and the actual
block position signal, to the difference bet-
ween the actual block velocity signal and the
command velocity signal, and to the load
signal; and, means responsive to the error
signal for driving the motor in a manner so
as to change the error signal in a direction
such as to reduce the block velocity other-
wise prevailing.

9. An oil drilling rig according to claim 4
wherein the drawworks brake control means
comprises a closed-loop control arrange-
ment including: means for generating a load
signal functionally related to the magnitude
60 by which the actual load supported by the

elevator deviates from the predetermined
scale portion of the initial elevator loading;
means for generating an error signal func-
tionally related to the difference between
65 the actual block position and the command

25

30

35

40

45

50

55

position, to the difference between the
actual block velocity and the command vel-
ocity, and to the load signal; and means
responsive to the error signal for applying
the brake in a manner so as to change the
error signal in a direction such as to reduce
the block velocity otherwise prevailing.

10. An oil drilling rig according to claim
5 wherein the tachometer means outputs a
bipolar electrical signal the magnitude of

70

75

which is functionally related to the actual -

velocity of the block and the polarity of
which is representative of the actual direc-
tion of motion thereof and wherein the vel-
ocity comparison means comprises: a Zero
velocity network for generating an electrical
signal fo the general purpose programmable
digital computer when the magnitude of the
electrical signal representative of the actual
block velocity falls within a predetermined
range of values close to zero velocity; and, a
direction indicating network for outputting
an electrical signal to the general purpose
programmable digital computer when the
electrical signal representative of the actual
direction of motion of the block differs from
a predetermined electrical signal represen-
tative of a desired direction of motion.

11. An oil drilling rig according to claim
10 wherein the dirrection indicating net-
work comprises: a first comparator element
and a second comparator element each
associated with the bipolar electrical signal
from the tachometer means and each opera-
tive to compare the bipolar electrical signal
with a predetermined reference signal and
to generate an electrical alarm signal to the
general purpose programmable digital com-
})uter of the bipolar electrical signal deviates

rom the reference signals by a predeter-
mined magnitude; means responsive to the
general purpose programmable digital com-
puter for enabling a selected one of the first
or second comparator elements.

12. An oil drilling rig according to claim
10 wherein the zero velocity network com-
prises: a first comparator element and a sec-

‘'ond comparator element connected to the

bipolar electrical signal from the tachometer
means at the inverting and non-inverting
inputs, respectively; first potentiometer
means for generating a reference electrical
signal representative of a predetermined
range of velocities close to zero velocity
connected to the first comparator element at
the non-inverting input thereof the first
comparator element operative to output in
electrical signal to the general purpose prog-
rammable digital computer whenever the
downward velocity of the block falls within
the predetermined range of velocities close.
to zero velocity; and, second potentiometer
means for generating a reference electrical
signal representative of a predetermined
range of velocities close to zero velocity
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connected to the second comparator ele-
ment at the inverting input thereof, the sec-
ond comparator element operative to out-
put an electrical signal to the general pur-
5 pose programmable digital computer
whenever the upward velocity of the block
falls within a predetermined range of vel-
ocities close to zero velocity.
13.  An oil drilling rig according to claim
10 4 wherecin the position indicating means
comprises: magnetically responsive means
for gencrating a pulse when a metallic
member associated with the travelling block
passes in proximity therecto; means for
15 counting the number of pulses output from
the magnetically responsive means; and,
means associated with the counting means
for outputting a signal with a predetermined
magnitude functionally related to the output
20 of the counting means and representative of
the actual position of the travelling block.
14. An oil drilling rig according to claim
13 further comprising means for resetting
the counting means to a predetermined
25 value when the travelling block passes a
predetermined elevation within the drilling
rig.
15. An oil drilling rig according to claim
13 further comprising means functionally
30 related to the output of the counting means
"~ during a predetermined unit of time for
gencrating an electrical signal representa-
tive of the velocity of the travelling block.
16. An oil drilling rig according to claim
35 13 further comprising means responsive to
the direction of motion of the travelling
block for outputting a predetermined logic
signal representative thereof, the counting
means being responsive to the predeter-
40 mined logic signal to change the count in a
direction in accordance therewith.
17. An oil drilling rig according to claim
13 further comprising means operatively
associated with the output of the counting
45 means for generating a current signal the
magnitude of which is representative of the
position of the travelling block along a verti-
cal axis through the drilling rig.
18. An oil drilling rig according to claim
50 17 wherein the means associated with the
output of the counting means comprises a
digital-to-analog converter.
19. An oil drilling rig according to claim
13 further comprising: magnetically respon-
55 sive means for generating a series of pulses
of a frequency functionally related to the
velocity at which a metallic member associ-
ated with the travelling block passes in pro-
ximity thereto; and, means resposive to the
60 series of pulses and to the frequency thereof
for outputing a voltage signal the magnitude
of which is representative of the velocity of
the travelling block.
20. An oil drilling rig according to claim
65 19 wherein the means associated with the

output of the magnetically responsive means
comprises a frequency-to-voltage converter.

21.  An oil drilling rig according to claim
14 wherein the resetting means comprises:
first means associated with the counting 70
means for forming a first predetermined vol-
tage pattern representative of a count cor-
responding to a first, upper, height along the
vertical axis through the drilling rig; and,
first switch means responsive to the proxim- 75
ity of a first, upper, target disposed at the
first location along the vertical axis and
associated with the counting means for pre-
setting in the counting means the count cor-
responding to the first, upper, height. 80

2. An oil drilling rig according to claim

21 wherein the resetting means further
comprises: second means associated with
the counting means for forming a second
predetermined voltage pattern representa- 85
tive of a count corresponding to a second,
lower, height along the vertical axis; and,
second switch means responsive to the pro-
ximity of a second, lower, target disposed at
the second height along the vertical axis and 90
associated with the counting means for pre-
setting in the counting means the count cor-
responding to the second, lower, height.

23.  An oil drilling rig according to claim
13 further comprising: means associated 95
with the counting means for resetting the
counting means to a predetermined count a
predetermined delay time after the occurr-
ence of an event; and, means for controlling
the magnitude of the delay time.

24. An oil drilling rig according to claim
5 wherein the position indicating means
also generates an electrical signal tunction-
ally related to the actual velocity of the
travelling block and wherein the velocity 105
comparison means includes means respon-
sive to the actual velocity signal generated
by the position indicating means for compar-
ing that velocity signal with a predetermined
maximum velocity reference signal and for 110
generating an output electrical signal to the
general purpose programmable digital com-
puter representative of the actual velocity
signal from the means exceeding the max-
imum velocity reference signal.

25.  An oil drilling rig according to claim
4 wherein the elevator load control means
comprises: first means responsive to an elec-
trical signal output from the general purpose
programmable digital computer operating 120
under the control of a program for sampling
the signal output from the sensor means at a
predetermined time prior to the elevator
acquiring a load thereon and for generating
the electrical signal functionally related to 125
the instantaneous actual net loading on the
elevator.

26. An oil drilling rig according to claim
25 further comprising: second means
responsive to an electrical signal output by 130
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the general purpose programmable digital
computer operating under the control of a
program for sampling the instantaneous
actual net loading on the elevator at a pre-
5 determined time after the elevator aquires a
load and prior to motion of the elevator
under the control of the motor or brake con-
trol means to generate an electrical signal
functionally related to the initial static load-

10 ing on the elevator.

27. An oil drilling rig according to
claim 26 further comprising: means associ-
ated with the second sampling means for
generating an electrical signal functionally

15 related to a predetermined selectable por-
tion of the initial static load signal to gener-
ate the electrical signal representative of
the predetermined scaled portion of the ini-
tial elevator loading.

20 28. An oil drilling rig according to claim
27 wherein the means includes a series-
connected array of resistors adapted to scale
the initial load by a factor greater than one,
the predetermined scaled portion of the ini-

25 tial elevator load being applied to the motor
control means.

29. An oil drilling rig according to claim
27 . wherein the means includes a series-
connected array of resistors adapted to scale

30 the initial load by a factor between zero and
one and wherein the predetermined scaled
portion of the initial load is applied to the
brake control means.

30. An oil drilling rig according to claim

35 28 further comprising means for comparing
the scaled output with an electrical refer-
ence signal representative of an appropriate
range of load limits imposable on the
elevator during a lowering of the drill string

40 and for outputting an electrical alarm signal
to the general purpose programmable digi-
tal computer if the scaled signal deviates
below the reference signal.

31. An oil drilling rig according to claim

45 29 comprising means for comparing the
scaled output with an electrical reference
signal representative of an appropriate
range of load limits imposable on the
elevator during a lifting operation of the

50 drill string and for outputting an electrical
alarm signal to the general purpose prog-
rammable digital computer if the scaled
signal deviates above the reference signal.

32. An oil drilling rig according to claim

55 4 wherein the elevator load control means
includes means for generating an electrical
signal to the general purpose programmable
digital computer representative of the
acquisition of a load by the elevator.

60 33. An oil drilling rig according to claim
32 further comprising means associated with
the actual instantaneous net load on the
elevator for generating an electrical signal to
the general purpose programmable digital

65 computer representative of the acquisition

of a load by the elevator.

34. An oil drilling rig according to claim
1, wherein the tongs include a backup tong
and a driven tong, each tong having a fluid
line adapted to supply a pressurized driving 70
fluid thereto via a manually operable flow
control device connected within each fluid
line to control the flow of fluid therein to
manually control fluid flow to the backup
tong and the driven tong, the tongs control 75
system including: an electrically responsive
solenoid valve connected into each fluid line
in parallel relationship to the manually
operable valve to control fluid flow therein
in response to predetermined electrical 80
signals; a select valve connected in series to
each of the manually operable valves and
adapted, when energized, to disenable the
fluid flow control capability of the manually
operable valve; a select valve connected in 85
series to each of the electrically responsive
valves and adapted, when energized, to
enable the fluid flow control capability of
the electrically responsive valve, said select
valve disposed in series with the manually 90
operable valve being isolated from said
select valve disposed in series with said elec-
trically responsive valve; and means for
simultaneously energizing all of the select
valves to simultaneously disenable each of 95
the manually operable valves and simul-
taneously enable each of the electrically
responsive valves to thereby render the bac-
kup tong and the driven tong susceptible to
operation in response to predetermined
electrical signals.

35. An oil drilling rig according to claim
34, further including means for lifting the
backup and driven tong, the lift means hav-
ing a fluid line adapted to supply a pressur-
ized driving fluid thereto, a manually oper-
able flow central device connected within
the fluid line to manually control fluid flow
to the lift speed control means, wherein the
tongs control system further comprises: an
electrically responsive solenoid connected
into the fluid line in parallel relationship
with the manually operable valve to control
fluid flow to the lift speed control means in
response to predetermined electrical sign- 115
als; a select valve connected in series with
the manually operable valve and adapted,
when energized, to disenable the fluid flow
capability of the manually operable valve; a
select valve connected in series with the 120
electrically responsive valve and adapted,
when energized, to enable the fluid flow
control capability of the electrically respon-
sive valve, the select valves being isolated
from communication one with the other; 125
and, means for simultaneously energizing
both of the select valves to simultaneously
disenable the manually operable valve and
simultaneously enable the electrically
responsive valve to thereby render the lift 130
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speed control means susceptible to opera-
tion in response to predetermined electrical
signals.

36. An oil drilling rig according to claim

5 35, further including means for controlling

10

15

20

25

the speed at which the backup tong and the
driven tong are lifted by the lift means, the
lift speed control means having a fluid line
adapted to supply a pressurized driving fluid
thercto, a manually operable flow control
device connected within the fluid line to
manually control fluid flow to the left
speed control means, wherein the tongs con-
trol system further comprises: an electrically
responsive solenoid connected into the fluid
line in parallel relationship with the manu-
ally operable valve to control fluid flow to
the lift speed control means in response to
predetermined electrical signals; a select
valve connected in series with the manually
opcrablc valve and adapted, when ener-
gized, to disenable the fluid flow capability
of the manually opcrable valve; a select
valve connected in series with the electrically
responsive valve and adapted, when ener-
gized, to enable the fluid flow control capa-
bility of the electrically responsive valve, the

select valves being isolated from communica-
tion one with the other; and, means for
simultaneously energizing both of the select
valves to simultaneously disenable the man-
ually operable valve and simultaneously
enable the electrically responsive valve to
thereby render the lift speed control means
susceptible to operation in response to pre-
determined electrical signals.

37. An automated oil drilling rig sub-
stantially as hercinbefore described with
reference to the accompanying drawings.

FORRESTER,KETLEY & CO.,
Chartered Patent Agents,
Forrester House,

52 Bounds Green Road,
London N11 2EY.
—and also at —
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148 Edmund St.,
Birmingham B3 2LD.

—and -~
Scottish Provident Building,
29 St. Vincent Place,
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