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force transmitted to It by a back-up wrench. Filters are applied to the data to obtain peak levels of torgue and hydraulic pressure. A

ratio Is generated for each process associated with a rod or other elongated member based on peak torque and hydraulic pressure
levels achieved during the process. The ratio Is stored and compared to historical ratios to determine If the ratio has changed more
than a predetermined amount over time. A similar evaluation can be achieved by comparing speed generated on the elongated
member by the hydraulically driven system to the current level controlling the flow of hydraulic fluid to the hydraulically driven

system.
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ABSTRACT OF THE DISCLOSURE

METHOD AND SYSTEM FOR MONITORING
THE EFFICIENCY AND HEALTH OF A HYDRAULICALLY DRIVEN SYSTEM

Efficiency of a hydraulically driven system i1s evaluated by monitoring the change in
ratio of output torque to input hydraulic pressure. The hydraulic pressure data is received
from a hydraulic sensor. The torque data 1s received from a load cell receiving a force
transmitted to i1t by a back-up wrench. Filters are applied to the data to obtain peak levels of
torque and hydraulic pressure. A ratio is generated for each process associated with a rod or
other elongated member based on peak torque and hydraulic pressure levels achieved
during the process. The ratio is stored and compared to historical ratios to determine 1f the
ratio has changed more than a predetermined amount over time. A similar evaluation can
be achieved by comparing speed generated on the elongated member by the hydraulically
driven system to the current level controlling the flow of hydraulic fluid to the hydraulically

driven system.
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METHOD AND SYSTEM FOR MONITORING
THE EFFICIENCY AND HEALTH OF A HYDRAULICALLY DRIVEN SYSTEM

STATEMENT OF RELATED PATENT APPLICATION
This non-provisional patent application claims priority under 35 U.S.C. §119 to U.S.

Provisional Patent Application No. 61/118,493, titled Method and System for Monitoring
the Health of a Tongs System, filed November 28, 2008. This provisional application 1s

hereby fully incorporated herein by reference.

FIELD OF THE INVENTION

The current invention generally relates to assembling threaded sucker rods and
tubulars of o1l wells and other wells. More specifically, the invention pertains to methods
for monitoring operational aspects of a hydraulically driven system to identify efficiency

losses prior to a system failure.

BACKGROUND OF THE INVENTION

O1l wells and many other types of wells often comprise a well bore lined with a steel
casing. A casing 1s a string of pipes that are threaded at each end to be interconnected by a
series of internally threaded pipe couplings. A lower end of the casing is perforated to
allow o1l, water, gas, or other targeted fluid to enter the interior of the casing.

Disposed within the casing i1s another string of pipes interconnected by a series of
threaded pipe couplings. This internal string of pipes, known as tubing, has a much smaller
diameter than casing. Fluid in the ground passes through the perforations of the casing to
enter an annulus between the inner wall of the casing and the outer wall of the tubing. From
there, the fluid forces itself through openings in the tubing and then up through the tubing to
ground level, provided the fluid 1s under sufficient pressure.

It the natural fluid pressure is insufficient, a reciprocating piston pump is installed at
the bottom of the tubing to force the fluid up the tubing. A reciprocating drive at ground
level 1s coupled to operate the pump’s piston by way of a long string of sucker rods that is

driven up and down within the interior of the tubing. A string of sucker rods is typically
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comprised of individual solid rods that are threaded at each end so they can be
interconnected by threaded couplings.

Since casings, tubing, and sucker rods often extend thousands of feet, so as to extend
the tull depth of the well, 1t i1s imperative that their respective coupling connections be
properly tightened to avoid costly repair and downtime. Couplings for tubulars (1.e.,
couplings for tubing and casings), and couplings for sucker rods (referred to collectively
herein as “rods” or “sucker rods” are usually tightened using a tool known as tongs. Tongs
vary 1n design to suit particular purposes, 1.e., tightening tubulars or rods, however, each
variety of tongs shares a common purpose of torquing one threaded element relative to
another. Tongs typically include a hydraulic motor that delivers a torque to a set of jaws
that grip the element or elements being tightened.

Various control methods have been developed in an attempt to ensure that sucker
rods are properly tightened. However, properly tightened joints can be difficult to
consistently achieve due to numerous rather uncontrollable factors and widely varying
specifications of sucker rods. For instance, tubing, casings and sucker rods each serve a
different purpose, and so they are each designed with different features having different
tightening requirements.

But even within the same family of parts, numerous variations need to be taken into
account. With sucker rods, for example, some have tapered threads, and some have straight
threads. Some are made of fiberglass, and some are made of steel. Some are one-half inch
in diameter, and some are over one inch in diameter. With tubing, some have shoulders,
and some do not. Even supposedly identical tongs of the same make and model may have
ditterent operating characteristics, due to the tongs having varying degrees of wear on their
bearings, gears, or seals. Also, the threads of some sucker rods may be more lubricated
than others. Some threads may be new, and others may be worn. These are just a few of
the many factors that need to be considered when tightening sucker rods and tubulars.

Furthermore, as tongs system components age, their ability to react consistently is
reduced. For example, the amount of energy, in the form of hydraulic pressure, necessary
to generate a specific torque on an elongated member by a tongs drive increases over time.
Also, the amount of speed generated on an elongated member by a tongs drive based on a
constant current level transmitted to the hydraulic valves in the tongs drive system

decreases over time as components wear out. Because the system does not react
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consistently over time, it 1s difficult to develop a static system that can effectively tighten
elongated members over the life of the tongs.

In addition, one main feature of a tongs control system 1s to be able to make up a rod
connection to a specific pre-programmed circumferential displacement based on rod
parameters, such as manufacturer, grade, and size. To have the joint connection stop at
exactly the correct circumferential displacement value, the controller must issue a “stop”
command to the system at a slightly earlier time than desired, to account for the slight delay
in system response (electronic component delay, hydraulic component delays, mechanical
drive train, rotational inertia). The problem is that this time delay between the stop
command being issued and the rod actually stopping is quite short, on the order of 10
milliseconds, and is influenced by changes in temperature. One variation is due to changes
in viscosity of the hydraulic fluid. As temperature of the hydraulic fluid increases, viscosity
decreases, and the tongs motor is less efficient (conveys less torque, or energy for given
tlow and pressure). Higher temperatures result in shorter stopping times than when the
hydraulic fluid 1s cold, viscosity is high, and more “sluggish” behavior 1s seen. Mechanical
triction also varies with temperature. This shows up in the response time of the two spools
in the hydraulic valve, the tongs motor, and drive mechanism. In this case, hotter
temperatures tend to “open up” the devices, and this reduced friction provides faster
response times.

Consequently, a need exists in the art for a system and method for evaluating system
efficiency in order to know when components are not operating up to acceptable levels. In
addition, a need exists in the art for a system and method for monitoring temperature
fluctuations both internal and external to the system and modifying the time delay for
generating stop signals in order to ensure proper tightening of the rod or other elongated
member. Furthermore, a need exists in the art for a system and method for comparing

current connection failure levels to historical connection failure levels to determine if

improvement has been achieved.

SUMMARY OF THE INVENTION
Efficiency of a hydraulically driven system, such as a tongs system, top drive, or
power swivel, can be evaluated over time by monitoring the change in ratio of torque to

hydraulic pressure. The hydraulic pressure data can be received from a hydraulic pressure
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sensor adjacent to the hydraulic motor. The torque data can be determined from a load cell
coupled to the tongs system that receives a force transmitted to it by a back-up wrench.
Filters can be applied to the data to obtains peak levels of torque and hydraulic pressure. A
ratio can be generated for each make-up or breakout of a rod or other elongated member
based on the peak torque and hydraulic pressure levels achieved during the make-up or
breakout process. The ratio is stored and compared to historical ratios to determine if the
ratio has decreased more than a predetermined amount. A similar evaluation can be
achieved by comparing speed of the tongs to the current level controlling the flow of
hydraulic fluid to the tongs drive system.

For one aspect of the present invention, a method of evaluating the efficiency of a
hydraulic system can include receiving multiple hydraulic pressure data points and torque
pressure data points during a process for an elongated member. The method can also
include selecting one of the hydraulic pressure data points and one of the torque data points
generated during the process. A ratio of the selected torque and hydraulic pressure can be
generated at a processor. The process can be repeated during additional processes for
additional elongated members and the most recent ratio can be compared to the historical
rat10s to determine if the change in ratio over time is sufficiently large to warrant generating
an alarm to the operator.

For another aspect of the present invention, a method for monitoring the efficiency
ot a hydraulically driven system can include receiving multiple current level data points and
speed data points during a process. The current level data points can represent an electrical
current level transmitted to a solenoid valve controlling hydraulic pressure generated at the
hydraulically driven system. A ratio can be generated comparing the current levels being
sent to the PWM valve to speed representing a rotational speed generated on the elongated
member. The process can be repeated during additional processes for multiple elongated
members and the most recent ratio can be compared to the historical ratios to determine if
the change in ratio over time is sufficiently large to warrant generating an alarm to the
operator.

In yet another aspect of the present invention, a method for modifying the time delay
of a stop signal for a set of tongs during a make-up process can include accepting a baseline
expected delay time at the processor. Temperature readings for ambient air and the

hydraulic o1l driving a hydraulic motor can be collected and a time compensation value can
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be calculated with the processor based on the temperature readings. The processor can then
adjust the expected delay time by the amount of the time compensation value.

These and other aspects, features, and embodiments of the invention will become
apparent to a person of ordinary skill in the art upon consideration of the following detailed
description of 1llustrated embodiments exemplifying the best mode for carrying out the

invention as presently perceived.

BRIEF DESCRIPTION OF DRAWINGS

For a more complete understanding of the present invention and the advantages
thereof, reference 1s now made to the following description in conjunction with the
accompanying figures in which:

Figure 1 1s a schematic diagram of a system that monitors a set of tongs tightening a
string of elongated members according to one exemplary embodiment of the present
invention;

Figure 1A is a side view of a set of tongs about to tighten two sucker rods into a
coupling according to one exemplary embodiment of the present invention;

Figure 1B 1s a cut-away top view of the tongs according to the exemplary
embodiment of Figure 1A;

Figure 2 1s an exemplary representation of a cut-away schematic diagram of an
alternative tongs system that includes a load cell for measuring torque in accordance with
one exemplary embodiment of the present invention;

Figure 3 1s a flowchart of an exemplary process for receiving and evaluating data to
determine the efficiency of a tongs system by comparing the energy input versus the energy
output in accordance with one exemplary embodiment of the present invention;

Figure 4 1s a flowchart of an exemplary process for receiving and evaluating data to
determine the operational health of a tongs drive by comparing current levels transmitted to
the solenoid valves of the tongs drive to the speed generated by the tongs drive in
accordance with one exemplary embodiment of the present invention; and

Figure 5 1s a flowchart of an exemplary process for evaluating temperature variables
and adjusting system timing for the tongs drive based on those temperature variables in

accordance with one exemplary embodiment of the present invention.
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Many aspects of the invention can be better understood with reference to the above
drawings. The elements and features shown in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the principles of exemplary
embodiments of the present invention. Additionally, certain dimensions may be
exaggerated to help visually convey such principles. In the drawings, reference numerals
designate like or corresponding, but not necessarily identical, elements throughout the

several views.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

The present invention supports a tongs-based system and methods for monitoring
operational aspects of a set of tongs during make-up and breakout to identify efticiency
losses prior to a system failure. The present invention further supports modifying
operational aspects based on temperature variables during a make-up or breakout process
for rods and other elongated members, such at tubulars and other oil well equipment having
threaded connections. Exemplary embodiments of the present invention can be more
readily understood by reference to the accompanying figures. While the exemplary
embodiments described in the figures will be discussed with referent to a make-up process,
the same or substantially similar methods could be used to evaluate system performance and
modify operational aspects during a breakout process for rods and other eclongated
members, and such breakout processes are within the scope and spirit of the present
invention. The detailed description that follows is represented, in part, in terms ot processes
and symbolic representations of operations by conventional computing components,
including processing units, memory storage devices, display devices, and input devices.
These processes and operations may utilize conventional computer components In a
distributed computing environment.

Exemplary embodiments of the present invention can include a computer program
and/or computer hardware or software that embodies the functions described herein and
illustrated in the Figures. It should be apparent that there could be many different ways of
implementing the invention in computer programming, including, but not limited to,
application specific integrated circuits (“ASIC”) and data arrays; however, the invention
should not be construed as limited to any one set of the computer program nstructions.

Furthermore, a skilled programmer would be able to write such a computer program to
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implement a disclosed embodiment of the present invention without difficulty based, for
example, on the Figures and associated description in the application text. Therefore,
disclosure of a particular set of program code instructions or database structure is not
considered necessary for an adequate understanding of how to make and use the present
invention. The inventive functionality will be explained in more detail in the following
description and is disclosed in conjunction with the remaining figures.

Referring now to the drawings, in which like numerals represent like elements
throughout the several figures, aspects of the present invention will be described. Figures 1,
1A and 1B represent a schematic diagram and other views of a system that monitors a set of
tongs tightening a string of elongated members according to one exemplary embodiment of
the present invention. Turning now to Figures 1, 1A, and 1B, the exemplary system
Includes a set of tongs 12. The tongs 12 are schematically illustrated to represent various
types of tongs including, but not limited to, those used for tightening sucker rods, tubing or
casings. In Figure 1, tongs 12 are shown being used in assembling a string of elongated
members 14, which are schematically illustrated to represent any elongated member with
threaded ends for interconnecting members 14 with themselves and/or a series of threaded
couplings 16. Examples of elongated members 14 include, but are not limited to, sucker
rods, tubing, and casings. For ease of reference, the elongated members 14 will be referred
to hereinatter as rods; however, no limitation is intended by the use of the term rod.

Tongs 12 1nclude at least one set of jaws 46 and a back-up wrench 48 for gripping
and rotating one rod 14 relative to another, thereby screwing at least one rod 14 into an
adjacent coupling 16. In one exemplary embodiment, the drive unit 18 is fluidicly coupled
to a hydraulic motor and drives the rotation of the jaws 46 gripping the upper rod 40 while
the back-up wrench 48 grips the lower rod 38. However, the drive unit 18 is schematically
illustrated to represent various types of drive units including those that can move linearly
(e.g., piston/cylinder) or rotationally and can be powered hydraulically, pneumatically, or
clectrically.

In the exemplary embodiment of Figure 1, the tongs 12 are communicably coupled
to an embedded control processor 20, which is communicably coupled to two outputs 21
and four inputs. However, it should be noted that the control processor 20 with fewer
inputs/outputs or with inputs other than those used in this example are well within the scope

and spirit of the invention. The embedded control processor 20 is schematically illustrated
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to represent any circuit adapted to receive a signal through an input and respond through an
output. Examples of the control processor 20 include, but are not limited to, computers,
programmable logic controllers, programmable automation controllers, circuits comprising
discrete electrical components, circuits comprising integrated circuits, and various
combinations thereof. The embedded control processor 20 can be embedded with the tongs
12 or electrically coupled to the tongs 12 and positioned adjacent to or away from it.

The inputs of the embedded control processor 20, according to some embodiments
of the invention, include a first input 22 electrically coupled to a hydraulic pressure sensor
24, a second 1nput 26 electrically coupled to an encoder 28, a third input 41 electrically
coupled to the load cell sensor 205 (which is described in greater detail with reference to
Figure 2 below), a PC 11, and a timer 25. In response to the rotational action of the tongs
12, the encoder 28 provides the input signal 36 to the embedded control processor 20
through the second input 26. The term, “rotational action” refers to any rotational
movement of any element associated with a set of tongs 12. Examples of such an element
include, but are not limited to, gears, jaws, sucker rods, couplings, and tubulars. The term,
“tightening action” refers to an effort applied in tightening a threaded connection. In one
exemplary embodiment, the encoder 28 1s an incremental rotary encoder. This encoder
sensor 1S mounted to the body of the tongs 12 and coupled to the drive mechanism 44 so
that i1t senses rotation in both directions. More specifically, in certain exemplary
embodiments, the encoder 28 1s a BEI model H25E-F45-SS-2000-ABZC-5V/V-SM12-EX-
S. The exemplary encoder 28 generates 2,000 pulses per revolution. The encoder 28 also
has a quadrature output, which means 8,000 pulses per revolution can actually be measured.
The encoder 28 1s mounted in a location which has a drive ratio of 4.833 to the upper jaws
46 holding the sucker rod 14, so 38,666 pulses per rod revolution (or 107 pulses per degree
of rod revolution) are generated by the encoder 28.

Since the encoder 28 is mounted directly on the tongs 12, it must have a hazardous
area classification. Accordingly, the encoder 28 must be built as an intrinsically safe or
explosion proof device to operate in the location of the tongs 12, and monitored through an
electronic 1solation barrier. The (i1solated) encoder pulse signals are measured at the second
input 26 by a digital input electronics module, electrically coupled to the embedded control
processor 20. As rod speed varies from 0 to 150 revolutions per minute (RPMs), the pulse

signals for the encoder 28 vary from 0 to approximately 100,000 pulses per second. To
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read these high speed pulses accurately, the embedded control processor 20 monitors the
digital input signals at 40 MHz frequency. The above measurement using the encoder 28
allows for very precise monitoring of both the position and speed of the rod 14 at all times.
In response to the fluid pressure generated by the hydraulic motor that 1s a part of the tongs
drive 18, the hydraulic pressure sensor 24 provides the input signal 34 to the embedded
control processor 20.

A personal computer (PC) 11, input device 13, and monitor 23 are also
communicably connected to the control processor 20. The input device 13 1is
communicably connectéd to the PC 11 and can include a keyboard, mouse, light pen,
stencil, or other known input device for a PC or touch pad. The monitor 23 is
communicably connected to the PC 11. In one exemplary embodiment, the monitor 23
provides graphic feedback to the operator; however, those of ordinary skill in the art will
recognize that the monitor 23 may include, but not be limited to, a CRT, LCD or touch
screen display, plotter, printer, or other device for generating graphical representations. The
system also includes a timer 25 communicably connected to the control processor 20. In
one exemplary embodiment, the timer 25 can be any device that can be employed with a
computer, programmable logic controller or other control device to determine the elapsed
time from receiving an input. In certain exemplary embodiments, the timer 25 is integral
with the control processor 20 or the PC 11.

The exemplary system further includes an alarm device communicably connected to
the embedded control processor 20, such that the embedded control processor 20 generates
an output 21 to the alarm device. The alarm device is capable of generating an audible
alarm 1n response to the output signal 21 with a speaker, horn, or other noise making device
90. The alarm device 1s also capable of generating a visual alarm at the alarm panel lights
86, 88.

The system further includes a pulse width modulated (PWM) amplifier module 35
communicably coupled to the control processor 20. The PWM amplifier module 35 is also
communicably coupled to an electrical control solenoid valve 37. In one exemplary
embodiment, the PWM amplifier module 35 receives a speed set point value from the
embedded control processor 20 and outputs a PWM control signal to the electrical control

solenoid valve 37 at 12 volts direct current (DC) and 20KHz PWM frequency. The width
of the pulses from the PWM amplifier module 35 to the solenoid valve 37 is modulated
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from 0-100% duty cycle. In one exemplary embodiment, the solenoid valve 37 has a
resistance of approximately seven ohms, so the current varies from 0-170 milliamps (mA),
corresponding to the 0-100% duty cycle. The electrical control solenoid valve 37 1s
communicably connected to a hydraulic spool valve 39. The hydraulic spool valve 39 1s
fluidicly connected to the hydraulic motor 18. In one exemplary embodiment, the current to
the solenoid valve 37 causes changes in the position of the proportional hydraulic spool
valve 39. The spool valve 39 changing position varies the flow rate of the hydraulic fluid to
the hydraulic motor 18 on the tongs 12.

For illustration, the system will be described with reference to a set of sucker rod
tongs 12 used for screwing two sucker rods 38 and 40 into a coupling 42, as shown in
Figures 1A and 1B. However, it should emphasized that inventive system and methods can
be readily used with other types of tongs for tightening other types of elongated members,
as discussed above. In this example, a hydraulic motor 18 is the drive unit of the tongs 12.
Motor 18 drives the rotation of various gears of a drive train 44, which rotates an upper set
of jaws 46 relative to the back-up wrench 48. Upper jaws 46 are adapted to engage flats 50
on sucker rod 40, and the back-up wrench 48 engages the flats 52 on rod 38. So, as the
upper jaws 46 rotate relative to the back-up wrench 48, the upper sucker rod 40 rotates
relative to lower sucker rod 38, which forces both rods 38 and 40 to tightly screw into the
coupling 42.

As discussed above, in the example of Figures 1A and 1B, sensor 24 i1s a
conventional hydraulic pressure sensor in fluid communication with motor 18 to sense the
hydraulic pressure that drives the motor 18. Generally speaking, with reference to the
limitations described above regarding the problems of inferring the relationship between
pressure and torque, an increase in the hydraulic pressure from the motor 18 will typically
increase the amount of torque exerted by the tongs 12 (all other variables being the same),
so the load cell sensor 505 provides an input signal 41 corresponding to a torque level. In
certain exemplary embodiments, the hydraulic supply to the motor 18 also includes a
pressure relief valve 92. The pressure rehef valve 92 limits the pressure that i1s applied
across the motor 18, thus helping to limit the extent to which a connection is tightened. In
one exemplary embodiment, the pressure relief valve 92 1s adjustable by known adjustment
means to be able to vary the amount of hydraulic pressure based on rods and tubes of

varying diameters and grades.
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Figure 2 1s an exemplary representation of a tongs system 200 that includes a load
cell for measuring torque incorporated into the tongs 12 of Figure 1B 1n accordance with
one¢ exemplary embodiment of the present invention. Referring now to Figures 1, 1A, 1B
and 2, the exemplary system 200 includes a load cell 205 coupled along one end to a
mounting block 210 using known coupling means 207 including, but not limited to, bolts
and nuts. The load cell 205 1s typically positioned adjacent the back-up wrench 48. The
load cell 205 1s coupled along an opposing end to a receiver block 225 using known
coupling means 208 including, but not limited to, bolts and nuts. The receiver block 225
constrains the rear end of the back-up wrench so that force is transmitted into the load cell
205. In one exemplary embodiment, the load cell 205 1s a SENSOTEC model 103 2000
kilogram load cell. However, other types of load sensors known to those of ordinary skill in
the art could be used and are within the scope and spirit of this invention.

The system 200 further includes a back-up wrench 48 making contact on a first end
212 with the receiver block 225 and receiving a torque along a second end 48 during rod
make-up or breakout. The back-up wrench 48 is held in position against the receiver block
by a pair of mounting blocks 220 and a retainer pin 213.

In practice, the tongs 12 has a rotating upper jaw 46, driven by the hydraulic motor
18 that turns the flats 50 on the upper rod 40. The flats 52 of the lower rod 38 1n the
connection are held in the back-up wrench 48. This back-up wrench 48 1s held loosely 1n
position using the spring mounted pin 213, so that it can easily be changed as required to fit
differing size rods 14. When torque is applied to the rod connection, the resulting moment
causes the back-up wrench 48 to turn slightly. In conventional tongs the far end of the
back-up wrench comes to rest against a stop which 1s built into the body of the tongs. This
reaction point 1s what has been adapted to monitor the resulting force with the load cell 205.
As the rod 38 receives torque during a make-up or breakout, the back-up wrench 48 1s
moved at its second end 48, causing an opposing movement in the first end 212 of the back-
up wrench 48. Movement of the first end 212 of the back-up wrench 48 causes a
corresponding force 1n the receiver block 225. Since the load cell 205 1s coupled to the
receiver block 225 by way of the bolt 208, the corresponding force in the receiver block 225
is sensed by the load cell 205. The control processor 20 i1s able to calculate the

corresponding torque based on the input signal 41 from the load cell sensor 505. In one

exemplary embodiment, the calculation 1s accomplished by previously placing a calibration
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sensor on the tongs and applying one or more known torques to the calibration sensor. The
known torques are compared to the voltage signal outputs for the load cell 505 and scaling
1s applied to the load cell signal to covert voltage output into foot-pounds of torque.

In one exemplary embodiment, the expected torque generated on make-up is up to
2,000 ft-1b, with breakout torques being even higher, up to 3,000 ft-Ib. This generates loads
in the load cell 205 up to 3,000 lb. The torque signal from the load cell 205 is sampled by
an digital input module 230 communicably coupled to the embedded control processor 20.
In certain exemplary embodiments, the digital input module 230 samples the load cell two
ways — first by time, and second triggered by every pulse from the encoder 28. This gives
an 1mproved calculation of the connection torque as a function of both time and rod
position. In one exemplary embodiment, time-based scanning occurs at a rate of 10,000
samples per second, and the position pulses result in torque data measured between 0 and
100,000 samples per second.

Processes of exemplary embodiments of the present invention will now be discussed
with reference to Figures 3-6. Certain steps in the processes described below must naturally
precede others for the present invention to function as described. However, the present
invention 1s not limited to the order of the steps described 1f such order or sequence does not
alter the functionality of the present invention in an undesirable manner. That 1is, 1t is
recognized that some steps may be performed before or after other steps or in parallel with
other steps without departing from the scope and spirit of the present invention. As an initial
note, while the exemplary embodiments of Figures 3-6 are described with reference to an
evaluation of a set of tongs, whether they be rod tongs, tubing tongs, casing tongs or any
other set of tongs, the methods disclosed herein could also be used to evaluate the efficiency
and operational health of many other hydraulically driven devices and systems and could be
evaluated to modify the timing of commands based on hydraulic oil temperatures and
ambient temperatures in many other devices including, but not limited to, hydraulic top
drives, hydraulic power swivels, hoist drives, and other hydraulically, electrically and
pneumatically driven systems both in and outside of the well service industry. In the
exemplary embodiment involving tubing tongs, the tubing tongs provide a rotational force
on a tubing string made up of tubing. In the exemplary embodiment involving casing tongs,
the casing tongs provide a rotational force on a casing string made up of casings. In the

exemplary embodiment involving a top drive, the top drive provides a rotational force on a

12



10

15

20

25

30

|
CA 02686660 2009-11-27

drill string made up of drilling pipe during a drilling operation. In the exemplary
embodiment involving a power swivel, the power swivel provides a rotational force on a
drill string made up of drilling pipe during a drilling operation. Each of the exemplary top
drive and the power swivel are provided power by a hydraulically driven system similar to
that described with reference to and driving the tongs 12.

Turning now to Figure 3, an exemplary process 300 for receiving and evaluating
data to determine the efficiency of a tongs system by comparing the energy input versus the
energy output as well as evaluating the operational health of the tongs system based on an
evaluation of the change in a ratio of energy input to energy output is shown and described
within the exemplary operating environment of Figures 1, 1A, 1B, and 2. Referring now to
Figures 1, 1A, 1B, 2, and 3, the exemplary method 300 begins at the START step and
proceeds to step 302, where the rod characteristics are input into the input device 13 and
received at the PC 11. In one exemplary embodiment, the rod characteristics include, but
are not limited to, rod manufacturer, rod grade, rod size, single or double coupling, single,
double, or triple rod string, number of threads on a rod end, and whether the rod 1s new or
rerun condition.

In step 304, the PC 11 determines the proper filter parameters based on the rod 40
and/or tongs 12 characteristics. In one exemplary embodiment, the PC 11 uses a software
program and a database of information to determine which filter parameters should be used.
In one exemplary embodiment, multiple filter parameters could be used as part ot the
evaluation. The next sucker rod 40 is retrieved for coupling in step 306 using known
methods and means. In step 308, the sucker rod 40 is positioned into the upper set of jaws
46 on the tongs 12. The rod make-up or breakout process begins in step 310 by attaching
one rod 40 to another rod 38 with the use ot a coupling 42.

In step 312, hydraulic pressure data is received during the make-up or breakout
process at the hydraulic pressure sensor 24 and a signal 34 is transmitted to the first input
22. Those of ordinary skill in the art will recognize that other methods and types of sensors
exist for determining hydraulic pressure being input into a hydraulic motor. Each of these
known methods and sensor types are within the scope and spirit of the present invention.
Once received, the hydraulic pressure signal is transmitted trom the first input 22 to the
embedded control processor 20, which can subsequently transmit the hydraulic pressure

data to the PC 11. The hydraulic pressure data represents the hydraulic tluid pressure that 1s
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the input energy to the hydraulic tongs motor 18. The tongs torque data 1s received during
the make-up or breakout process at the load cell 205 in step 314. Those of ordinary skill in
the art will recognize that other methods and types of sensors exist for determining the
torque being applied by the tongs 12 to the rod 40. Each of these known methods and
sensor types are within the scope and spirit of the present invention. Once received, the
tongs torque data 1s transmitted from the load cell 205 to the embedded control processor 20
and from there transmitted to the PC 11.

In step 316, an inquiry is conducted to determine 1f the make-up or breakout process
for the rod 40 is complete. If the make-up or breakout process 1s not complete, the NO
branch 1s followed back to step 312 to receive additional hydraulic pressure and torque data.
If the make-up or breakout process is complete, the YES branch is followed to step 318,
where the PC 11 applies low pass filters to the hydraulic pressure data and the torque data
and then determines the peak readings. In certain exemplary embodiments, determining the
“peak” reading for each connection requires some filtering of the signals. Since sampling
rates are so high, each individual reading of torque or pressure is not so meaningful in this
context. Low pass filers are applied to the data in software residing or usable by the PC 11
to determine the true peak readings during the make-up or breakout process. In one
exemplary embodiment, filter parameters vary as a function of connection speed, which
varies by rod characteristics, such as rod manufacturer, rod grade, and/or rod size.

Sampling rates vary from 10,000 samples per second to 100,000 samples per second
on the analog input signals from the hydraulic pressure sensor 24 and the load cell 205.
Connection speeds vary from 20 to 40 revolutions per minute (RPMs). In one exemplary
embodiment, the low pass filter parameters are 2" order Butterworth filters, with cutoff
frequencies from 10 to 1,000 Hz.

In other exemplary embodiments, analysis of the peak values at multiple different

filter frequencies can be done to determine if spikes are present in the signals, which could

be due to thread defects, face damage, or problems in the hydraulics, or drive system 44. If
the signal i1s sufficiently smooth, the peak readings will be consistent for all filter
frequencies. If there 1s high speed (high frequency) content in the signals, the peak values
will decrease as filter frequencies are lowered. Generally, 1f this happens on one

connection, 1t 1s probably in the connection itself. If 1t happens consistently, or grows in
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amplitude as time goes by, then the tongs equipment is likely the cause. In both cases,
alarms are generated as discussed below to allow remediation by the operator.

In step 320, the PC 11 applies low pass filters to the torque data. The PC determines
the peak hydraulic pressure for the make-up or breakout process in step 322 and the peak
torque for the make-up or breakout process in step 324. The PC 11 generates a ratio of peak
torque (output of the tongs 12) to peak hydraulic pressure (input to the tongs drive 18) for
the make-up or breakout process of the rod 40 1n step 326. The ratio 1s stored 1n step 328.
In one exemplary embodiment, the PC 11 stores the ratio in a database (not shown) and
each database entry includes an associated time entry designating the time at which the data
was received, the ratio was determined, or the ratio was stored. In one exemplary
embodiment, the ratio 1s stored in a hard drive or other fixed or transportable data storage
device at the PC 11. The data storage devices include, but are not limited to, floppy disks,
compact discs, digital versatile disc (DVD), universal serial bus (USB) flash dnives, or
memory cards. Alternatively, or in addition to the storage of the ratio at the PC 11, the ratio
1s transmitted to a location remote from the tongs and stored electronically at the remote
location. U.S. Patents 6,079,490 and 7,006,920 describe exemplary systems and methods
for transmitting well-service data to a location remote from a well, including the use of
satellite, cellular, and internet-based technology. The information in those patents 1s
incorporated herein by reference.

In step 330, a graphical display of the current and at least a portion of the prior ratios
for the tongs 12 is generated on the monitor 23. In step 332, the current and historical set of
ratios that have been stored for the tongs 12 is evaluated to determine if the ratios have
decreased over time. In step 334, an inquiry 1s conducted to determine 1if the ratio has
decreased more than a predetermined amount. As stated above, in even the best tongs
cequipment, the ratio will decrease over time as wear and other losses occur. A
predetermined value representing the amount of decrease in the ratio 1s stored in the PC 11
and compared by 1t to the actual change in the ratio based on an evaluation of the current
ratio to historical ratios stored in the database. In one exemplary embodiment, the
predetermined amount ranges from 0-90 percent decrease as compared to the historical
ratio. If the ratio has decreased more than a predetermined amount, the YES branch is

followed to step 336, where an alarm signal is generated. In one exemplary embodiment,

the alarm signal 1s generated by the embedded control processor 20 or the PC 11. The
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alarm signal may generate an audible or visual alarm that may occur at the speaker 90,
panel lights 86, 88, or the monitor 23. The process continues from step 336 to step 340.

Returning to step 334, if the ratio has not decreased more than a predetermined
amount, the NO branch is followed to step 338, where the tongs system continues normal
operations. In step 340, an inquiry is conducted to determine if additional rods 14 still need
to be added to the rod string. In one exemplary embodiment, this determination is made by
either the PC 11, the operator, or another person or device. If another rod 14 needs to be
added to the rod string, then the YES branch is followed back to step 306, to retrieve the
next sucker rod 14. On the other hand, if the rod string had been completed, the NO branch
is followed to the END step.

Turning now to Figure 4, an exemplary process 400 for receiving and evaluating
data to determine the operation health of a tongs drive 18 by comparing current levels
transmitted to the solenoid valves 37 of the tongs drive 18 to the speed generated by the
tongs drive 18 is shown and described within the exemplary operating environment of
Figures 1, 1A, 1B, and 2. Now referring to Figures 1, 1A, 1B, 2, and 4, the exemplary
method 400 begins at the START step and proceeds to step 402, where the rod
characteristics are input into the input device 13 and received at the PC 11. In one
exemplary embodiment, the rod characteristics include, but are not limited to, rod
manutacturer, rod grade, rod size, single or double coupling, single, double, or triple rod
string, the number of threads on each rod end, and whether the rod is new or used.

In step 404, the PC 11 determines the proper filter parameters based on the rod 40
and/or tongs 12 characteristics. In one exemplary embodiment, the PC 11 uses a software
program and a database of information to determine which filter parameters should be used.
In one exemplary embodiment, multiple filter parameters could be used as part of the
evaluation. The next sucker rod 40 is retrieved for coupling in step 406 using known
methods and means. In step 408, the sucker rod 40 is positioned into the upper set of jaws
46 on the tongs 12. The rod make-up or breakout process begins in step 410 by attaching
on¢ rod 40 to another rod 38 with the use of a coupling 42.

In step 412, the current levels that are being transmitted to the electrical control
solenoid valve 37 are received during the make-up or breakout process at the PWM
amplifier module 35, or at the embedded control processor 20 and subsequently transmitted

to the PC 11. The current data represents the PWM control signal transmitted to the
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electrical control solenoid valve 37 to generate a change in position of the hydraulic spool
valve 39, which generates a corresponding change in the flow-rate of the hydraulic tiuid to
the hydraulic motor 18.

The encoder speed data is received during the make-up or breakout process at the
encoder 28 in step 414. Those of ordinary skill in the art will recognize that other methods
and types of sensors exist for determining the speed generated on the rod 40 by the tongs
12. Each of these known methods and sensor types are within the scope and spirit of the
present invention. Once received, the speed data is transmitted from the encoder 28 to the
embedded control processor 20, and from there transmitted to the PC 11.

In step 416, an inquiry is conducted to determine if the make-up or breakout process
for the rod 40 is complete. If the make-up or breakout process is not complete, the NO
branch is followed back to step 412 to receive additional current and speed data. If the
make-up or breakout process is complete, the YES branch is followed to step 418, where
the PC 11 calculates the revolutions per minute that the rod 40 is turning based on the speed
data from the encoder 28. Filters can be applied to the current level data and the speed data
in a manner substantially similar to that as described above with reference to Figure 3, it
desired in step 420. In step 422, the PC 11 generates ratios of the current applied to the
electrical control solenoid valve 37 and the RPMs generated on the rod 40 1n response to
that current level. The PC 11 stores the ratios electronically in a database in step 424. In
one exemplary embodiment, the ratios are stored in a database and each database entry
includes an associated time entry designating the time at which the data was received, the
ratio was determined, or the ratio was stored. In one exemplary embodiment, the ratio is
stored in a hard drive or other fixed or transportable data storage device at the PC 11.

Examples of data storage devices include, but are not limited to, floppy disks,
compact discs, DVDs, USB flash drives, or memory cards. Alternatively, or in addition to
the storage of the ratio at the PC 11, the ratio is transmitted to a location remote from the
tongs and stored electronically at the remote location in a manner such as that taught in U.S.
Patents 6,079,490 and 7,006,920, which describe exemplary systems and methods for
transmitting well-service data to a location remote from a well, wherein transmission
includes the use of satellite, cellular, and/or internet-based technology. In addition, a
graphical display of current and historical ratios may be generated by the PC 11 and
displayed on the monitor 23.
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In step 426, the current and historical set of ratios that have been stored for the tongs
12 is evaluated to determine if the ratios have changed over time. In step 428, an inquiry 1s
conducted to determine if there has been a decrease in the RPMs achieved for a given
current output to the electrical coil solenoid (i.e. a decrease in the ratio of RPMs to current
level). In certain exemplary embodiments, a decrease in RPM for a given command signal
(current level sent to the electrical control solenoid valve 37) is due to wear 1n the hydraulic
motor 18 caused by hydraulic leakage, wear, increased mechanical friction in the tongs
drive or lower viscosity hydraulic fluid. Generally, the control current varies from 0-150
mA to the solenoid valve 37. The rotational speed varies from 0-150 RPMs. Very slight
variations typically occur due to rod size, rod string, and even wind loading. However,
these types of variations are not systematic. In one exemplary embodiment, the changes
being monitored in Figure 4 occur over hundreds of connections and several days of
operation. If there has not been a decrease, the NO branch is followed to step 434.
Otherwise, the YES branch is followed to step 430.

In step 430, an inquiry is conducted at the PC 11 to determine if the ratio has
decreased more than a predetermined amount. A predetermined value representing the
amount of decrease in the ratio is stored in the PC 11 and compared by it to the actual
change in the ratio based on an evaluation of the current ratio to historical ratios stored in
the database or other data storage device. In one exemplary embodiment, the predetermined
amount ranges from 0-90 percent decrease as compared to the historical ratio. If the ratio
has decreased more than a predetermined amount, the YES branch 1s followed to step 432,
where an alarm signal is generated. In one exemplary embodiment, the alarm signal 1s
generated by the embedded control processor 20 or the PC 11. The alarm signal generates
an audible or visual alarm that may occur at the speaker 90, panel lights 86, 88, or the
monitor 23. The process continues from step 432 to step 434.

Returning to step 430, if the ratio has not decreased more than a predetermined
amount, the NO branch is followed to step 434. In step 434, an inquiry is conducted to
determine if additional rods 14 still need to be added to the rod string. In one exemplary
embodiment, this determination is made by either the PC 11, the operator, or another person
or device. If another rod 14 needs to be added to the rod string, then the YES branch 1s
followed back to step 406 to retrieve the next sucker rod 14. On the other hand, 1t the rod

string had been completed, the NO branch 1s followed to the END step.
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In an alternative embodiment, the process of Figure 4 is modified to substitute
hydraulic pressure data for speed data throughout the process, wherein the hydraulic
pressure data points comprise a hydraulic pressure sensed by the hydraulic pressure sensor
24 for a hydraulic drive or torque generated on the elongated member by the hydraulically
driven system. In this process, a ratio is generated comparing current level to pressure
achieved at the current level.

Figure 5 is a flowchart of an exemplary process 500 for evaluating temperature
variables and adjusting system timing parameters for the tongs drive 18 based on the
temperature variables within the exemplary operating environment of Figures 1, 1A, 1B,
and 2. Referring now to Figures 1, 1A, 1B, 2, and 5, the exemplary method 500 begins at
the START step and proceeds to step 502, where the rod characteristics are input 1nto the
input device 13 and received at the PC 11. In one exemplary embodiment, the rod
characteristics include, but are not limited to, rod manufacturer, rod grade, rod size, single
or double coupling, single, double, or triple rod string, the number of threads on each rod
end, and whether the rod is new or used. In step 504, the PC 11 determines the target
circumferential displacement (CD) of the rod during make-up and the expected delay time
for transmitting the stop signal based on the rod characteristics. In one exemplary
embodiment, the PC 11 uses a software program and a database of information to determine
the target CD and expected delay time. The PC 11 transfers the target CD and expected
delay time to the embedded control processor 20 1n step 506.

The next sucker rod 40 is retrieved for coupling 1n step 508 using known methods
and means. In step 510, the sucker rod 40 1s positioned into the upper set of jaws 46 on the
tongs 12. The rod make-up process begins in step 512 by attaching one rod 40 to another
rod 38 with the use of a coupling 42. In step 514, the temperature of the hydraulic oil
driving the hydraulic motor 18 is measured. In one exemplary embodiment, the hydraulic
oil temperature is measured by an analog input module communicably coupled to the
embedded control processor 20 at a rate of ten samples per second. However, other types of
known temperature sensors and other sampling rates between less than 1 and 1000 samples
per second are within the scope and spirit of the invention. The hydraulic o1l temperature
data is transmitted from the analog input module to the embedded control processor 20 1n

step S16.
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In step 518, the ambient air temperature is measured. In one exemplary
embodiment, ambient air temperature is measured by an analog input module
communicably connected to the embedded control processor at a rate of ten samples per
second. However, other types of known temperature sensors and other sampling rates,
including rates between less than 1-1000 samples per second are within the scope and spirit
of the present invention. The ambient air temperature data is transmitted from the analog
input module to the embedded control processor 20 in step 520.

In step 522, the embedded control processor 20 calculates averages for the hydraulic
oil temperatures. In one exemplary embodiment, the calculation is an average of each set ot
ten hydraulic oil temperature data points. Averaging the hydraulic oil temperature data
points improves stability and accuracy of the data. In step 524, the embedded control
processor 20 calculates averages for the ambient air temperature. In one exemplary
embodiment, the calculation is an average of each set of ten ambient air temperature data
points. As with the hydraulic oil temperatures, averaging the ambient air temperature data
points improves stability and accuracy of the data.

The embedded control processor 20 calculates the time compensation value based
on the averaged hydraulic oil and ambient air temperature values in step 526. In one
exemplary embodiment, the embedded control processor 20 includes a software algorithm
that calculates the amount of compensation that is required to account for the averaged
temperatures. In step 528, the embedded control processor 20 adjusts the expected delay
time by the time compensation value by adding or subtracting the time compensation value
from the expected delay time. In step 530, an inquiry is conducted to determine 1f 1t 1s time
to issue the stop command based on the adjusted expected delay time. If not, the NO
branch is followed back to step 530 to await the time to issue the stop command. If 1t 1s
time to issue the stop command, the YES branch is followed to step 332, where the
embedded control processor 20 transmits the stop signal to the hydraulic spool valve 39.

The time compensation value and/or the adjusted expected delay time is stored
electronically in step 534. In one exemplary embodiment, the time compensation value
and/or the adjusted expected delay time are stored in a hard drive or other fixed or
transportable data storage device at the PC 11. Examples of data storage devices include,
but are not limited to, floppy disks, compact discs, DVDs, USB flash drives, or memory

cards. Alternatively, or in addition to the storage of the ratio at the PC 11, the time
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compensation value and/or the adjusted expected delay time is transmitted to a location
remote from the tongs and stored electronically at the remote location in a manner such as
that taught in U.S. Patents 6,079,490 and 7,006,920, which describe exemplary systems and
methods for transmitting well-service data to a location remote from a well, wherein
transmission includes the use of satellite, cellular, and/or internet-based technology.

In step 536, an inquiry is conducted to determine if additional rods 14 still need to
be added to the rod string. In one exemplary embodiment, this determination is made by
either the PC 11, the operator, or another person or device. If another rod 14 needs to be
added to the rod string, then the YES branch is followed back to step 508, to retrieve the
next sucker rod. On the other hand, if the rod string had been completed, the NO branch 1s
followed to the END step.

Although the invention is described with reference to preferred embodiments, it
should be appreciated by those skilled in the art that various modifications are well within
the scope of the invention. From the foregoing, it will be appreciated that an embodiment of
the present invention overcomes the limitations of the prior art. Those skilled in the art will
appreciate that the present invention is not limited to any specifically discussed application
and that the embodiments described herein are illustrative and not restrictive. From the
description of the exemplary embodiments, equivalents of the elements shown therein will
suggest themselves to those skilled in the art, and ways of constructing other embodiments
of the present invention will suggest themselves to practitioners of the art. Therefore, the

scope of the present invention is not limited herein.
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CLAIMS
We claim:
1. A method of evaluating the efficiency of a hydraulic system comprising the
steps of:

a. recelving at a processor a plurality of hydraulic pressure data points during a
process for an elongated member;

b. receiving at the processor a plurality of torque data points corresponding to the
hydraulic pressure data points during the process for the elongated member;

c. selecting with the processor one of the hydraulic pressure data points generated
during the process;

d. selecting with the processor one of the torque data points generated during the
process;

e. generating with the processor a ratio of the torque data point to the hydraulic
pressure data point;

repeating steps (a)-(e) for a plurality of processes for a plurality ot elongated
members to generate a plurality of ratios; and

comparing with the processor the plurality of ratios to determine if the ratio changes

more than a predetermined amount over time.

2. The method of Claim 1, wherein the selected hydraulic pressure data point
comprises a maximum hydraulic pressure generated during the process and wherein the
selected toque data point comprises a maximum torque data point generated during the

process.

3. The method of Claim 1, wherein comparing the plurality of ratios to
determine if the ratios change more than a predetermined amount over time comprises:

retrieving the plurality of ratios;

selecting the most recent ratio generated,;

comparing the most recent ratio generated to at least one other of the remaining

plurality of ratios; and
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determining with the processor if the change between the most recent ratio and the

at least one other ratio 1s greater than the predetermined amount.

4, The method of Claim 1, wherein the hydraulic system 1s operably coupled to
a top drive;
wherein the plurality of elongated members comprise drill pipe; and

wherein the process comprises coupling the plurality of drill pipe.

3. The method of Claim 1, wherein the hydraulic system is operably coupled to
a power swivel;
wherein the plurality of elongated members comprise drill pipe; and

wherein the process comprises coupling the plurality of drill pipe.

6. The method of Claim 1, wherein the hydraulic system 1s operably coupled to
a rod tongs;
wherein the process comprises a make-up process;

and wherein the plurality of elongated members comprises rods.

7. The method of Claim 1, wherein the hydraulic system is operably coupled to
a tubing tongs;
wherein the process comprises a make-up process;

and wherein the plurality of elongated members comprises tubing.

8. The method of Claim 1, wherein the hydraulic system 1s operably coupled to
a casing tongs;
wherein the process comprises a make-up process;

and wherein the plurality of elongated members comprises casings.

9. The method of Claim 1, further comprising the steps of:
applying with the processor at least one low pass filter to the hydraulic pressure
data; and

applying with the processor at least one low pass fiiter to the torque data.
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10. The method of Claim 9, further comprising the steps of:

recerving at an input device at least one characteristic associated with the elongated
members used 1n the process;

transmitting the elongated member characteristic to the processor; and

determining with the processor a set of filter parameters for the at least one low pass

filter based at least in part on the elongated member characteristic.

11.  The method of Claim 1, further comprising the step of generated at a display

device a graphical display of a least a portion of the plurality of ratios.

12.  The method of Claim 1, further comprising the step of generated an alarm in
response to a positive determination that the ratio changed more than the predetermined

amount.

13. A method of monitoring the efficiency of a hydraulically driven system
comprising the steps of:

a. receiving at a processor a plurality of current level data points during a process
for an elongated member, wherein the current level data points comprise an electrical
current level transmitted to a solenoid valve controlling flowrate for the hydraulic driven
system;

b. receiving at the processor a plurality of speed data points corresponding to the
current level data points during the process for the elongated member; wherein the speed
data points comprise a rotational speed generated on the elongated member by the
hydraulically driven system;

c. generating a ratio of current level to speed achieved at the current level;

repeating steps (a)-(c¢) for a plurality of processes for a plurality of elongated
members to generate a plurality of ratios; and

comparing with the processor the plurality of ratios to determine if the ratio changes

more than a predetermined amount over time.
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14.  The method of Claim 13, further comprising the steps of:
applying with the processor at least one low pass filter to the plurality of current

level data generated during the process;

applying with the processor at least one low pass filter to the plurality of speed data
generated during the process;

selecting with the processor one of the current level data points from the filtered
current level data; and

selecting with the processor one of the speed data points from the filtered speed

data.

15.  The method of Claim 14, further comprising the steps of:

receiving at an input device at least one characteristic associated with the elongated
members used 1n the process;

transmitting the elongated member characteristic to the processor; and

determining with the processor a set of filter parameters for the at least one low pass

filter based at least in part on the elongated member characteristic.

16.  The method of Claim 14, wherein the selected current level data point is the
maximum current Jevel data point for the process;

wherein the selected speed data point is the maximum speed data point for the
process; and wherein the ratio is generated with the selected current level data point and the

selected speed data point.

17. The method of Claim 13, wherein the plurality of speed data points are

derived based on speed data from an encoder.

18.  The method of Claim 17, further comprising the step of converting with the

processor the speed data {from the encoder into the plurality of speed data points.

19. The method of Claim 18, wherein converting each of the speed data comprises

calculating with the processor the revolutions per minute for the elongated member for each

of the speed data.
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20.  The method of Claim 13, wherein comparing the plurality of ratios to
determine if the ratios change more than a predetermined amount over time comprises:

retrieving the plurality of ratios;

selecting the most recent ratio generated;

comparing the most recent ratio generated to at least one other of the remaining
plurality of ratios; and

determining with the processor if the change between the most recent ratio and the

at least one other ratio is greater than the predetermined amount.

21.  The method of Claim 13, wherein the hydraulically driven system 1s
operably coupled to a top drive;
wherein the plurality of elongated members comprise drill pipe; and

wherein the process comprises coupling the plurality of drill pipe.

22.  The method of Claim 13, wherein the hydraulically driven system 1s

operably coupled to a power swivel,
wherein the plurality of elongated members comprise drill pipe; and

wherein the process comprises coupling the plurality of drill pipe.

73.  The method of Claim 13, wherein the hydraulic system is operably coupled

to a rod tongs;
wherein the process comprises a make-up process;

and wherein the plurality of elongated members comprises rods.

24.  The method of Claim 13, wherein the hydraulic system is operably coupled
to a tubing tongs;
wherein the process comprises a make-up process;

and wherein the plurality of elongated members comprises tubing.
25.  The method of Claim 13, wherein the hydraulic system is operably coupled

to a casing tongs;

wherein the process comprises a make-up process;
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and wherein the plurality of elongated members comprises casings.

26.  The method of Claim 13, further comprising the step of generated an alarm
In response to a positive determination that the ratio changed more than the predetermined

amount.

27. A method for modifying the time delay of a stop signal for a set of tongs
during a make-up process, comprising;

accepting an expected delay time for transmitting the stop signal;

recelving at a processor at least one hydraulic o1l temperature data point;

rece1ving at the processor at least one ambient air temperature data point;

calculating with the processor a time compensation value based on the hydraulic oil
temperature data point and the ambient air temperature data point; and

modifying with the processor the expected delay time by the time compensation

value.

28.  The method of Claim 27, wherein a plurality of hydraulic o1l temperature
data points and a plurality of ambient air temperature data points are received and wherein
the process further comprises:

calculating with the processor an average hydraulic o1l temperature;

calculating with the processor an average ambient air temperature; and

wherein calculating the time compensation value is based on the average hydraulic

o1l temperature and the average ambient air temperature.

29.  The method of Claim 28, wherein the average hydraulic o1l temperature 1s
calculated based on the ten most recent hydraulic o1l temperature data points and wherein
the average ambient air temperature 1s calculated based on the ten most recent ambient air

temperature data points.

30.  The method of Claim 27, further comprising the steps of:
receiving at an input device at least one characteristic associated with a rod used in

the make-up process;
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transmitting the rod characteristic to the processor; and
determining with the processor the expected delay time based at least in part on the

rod characteristic.

31.  The method of Claim 27, wherein the hydraulic o1l temperature data point

and the ambient air temperature data point are collected by an analog input module.

32.  The method of Claim 27, further comprising storing the modified expected

time delay in a data storage device.

33. A method of evaluating the efficiency of a hydraulically driven system
comprising a hydraulic drive comprising the steps of:

a. receiving at a processor a plurality of data points associated with an input for the
hydraulic drive during a process for an elongated member;

b. receiving at the processor a plurality of data points associated with an output of
the hydraulic drive and corresponding to the input data points during the process tor the
elongated member;

c. applying with the processor a low pass filter to the input data points;

d. applying with the processor the low pass filter to the output data points;

e. selecting with the processor one of the filtered input data points generated during
the process;

f. selecting with the processor one of the filtered output data points generated
during the process;

o. generating with the processor a ratio of the filtered input data point to the filtered

output data point;

repeating steps (a)-(g) for a plurality of processes for a plurality of elongated
members to generate a plurality of ratios; and

comparing with the processor the plurality of ratios to determine if the ratio changes

over time.
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34. A method of monitoring the efficiency of a hydraulically driven system
comprising the steps of:

a. receiving at a processor a plurality of current level data points during a process
for an elongated member, wherein the current level data points comprise an electrical
current level transmitted to a solenoid valve controlling pressure for the hydraulic driven
system,;

b. receiving at the processor a plurality of speed data points corresponding to the
current level data points during the process for the elongated member; wherein the pressure
data points comprise a torque generated on the elongated member by the hydraulically
driven system;

c. generating a ratio of current level to pressure achieved at the current level;

repeating steps (a)-(c) for a plurality of processes for a plurality of elongated
members to generate a plurality of ratios; and

comparing with the processor the plurality of ratios to determine 1f the ratio changes more

than a predetermined amount over time.
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