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Regarding Application No. US 17/549,519 
3rd Party Submission Dated: October 29th, 2023 
 

1 
 

3rd Party Submission pursuant to 37 CFR §1.290 
 
This submission is in regard to application US 17/549,519 titled “Devices, systems, and methods 
for detecting the rotation of one or more components for use with a wellbore”, dated December 
13th, 2021. 
 

REMARKS 
 
A description of the cited documents and their relevance is provided. 
A claim chart is also provided to illustrate the prior art regarding the specific claims.  
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Brief description of cited documents: 
The claimed priority date of US 17/549,519 is December 13, 2021. The following documents 
should be considered as prior art. 

• US 9,140,113 Hurst et al. – “Instrumented rod rotator” 
o This is the primary disclosure of the need to monitor rods for rotation in a rod lift 

system. It utilizes a discrete switch to count revolutions. 
o In addition to monitoring the rod-string, this also discloses the monitoring of a 

tubing string. 
• US 16/228,233 Phillips – “Apparatus and Method for Detecting the Rotation of a Rod-

String in a Wellbore” 
o Discloses a rotation sensor for monitoring rotation including a linear component 

and a rotational component. 
o This further discloses utilizing a magnetometer and/or a gyro for the purpose of 

collectively monitoring both linear motion and rotational motion. 
o See Figure 6-9, claims 1, 8-10, 12, and discussion below. 

• US 11,319,794 Fyfe et al. – “Oil-Well Pump Instrumentation Device and Method” 
o Discloses rotation sensing; “rate-gyro sensors to sense rotational accelerations of 

the polished rod 224 resulting from each yank of the handle” col 13, lines 40-42. 
o And determining the ends of the stroke with a magnetic sensor “identifying a 

reference tick in each stroke uses readings of a magnetic sensor of the polished - 
rod dynamometer” col 30, lines 28-30. This discloses the axial motion subsystem, 
as described by US 17/549,519. 

o And discloses the use of a gyro in conjunction with a magnetometer “further 
includes sensing rotation of the polished rod with an accelerometer and a 
gyroscopic sensor in addition to sensing a magnetic field with a magnetometer” col 
32, lines 61-63 

o Further discloses monitoring a tubing rotator. See the sections “Rod Rotator 
Monitor” and “Tubing Rotation Monitoring” (columns 12-14). 

• US 9,903,193 Harding et al. – “Systems and Methods for Sucker Rod Pump Jack 
Visualizations and Analytics” 

o Discloses using a gyro on the polished rod; col 5, line 60-62 “At least one 6-Axis 
IMU (accelerometer plus gyroscope) may be attached to the polished rod and is 
referred to as the bridle sensor.” 

• US 11,339,643 Robison et al. – “Pumping unit inspection sensor assembly, system and 
method” 

o This relates to the vibration monitoring aspects presented in US 17/549,519. 
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o Discloses a gyroscope; col 4, line 19-20 “The gyroscope 68 in this example is a 
sensor configured to measure a rate of rotation about at least one gyroscope axis 
88” in reference to the pumping unit crank. It further discloses a means for detecting 
points within the stroke of the pumping unit; figure 7 shows a 360-degree plot of 
crankarm vs. acceleration. This application discusses rotation, but specifically 
rotation of the crank arm of the pumping unit, not of the rod-string. While these are 
different types of rotation, this disclosure demonstrates that a gyro can be used for 
the purpose of monitoring at least one type of rotation. 

• US 3,343,409 Gibbs – “Method of determining sucker rod pump performance”. 
o Discloses monitoring the rod lift system. Of particular relevance is the linear 

displacement (or “axial motion”). Further it discloses the process of summing 
sensor data. 

• US 11,542,938 Zhao – “Polished Rod Rotation Sensor” 
o This discloses a sensor similar to that of the Hurst disclosure in that it utilizes a 

discrete switch to determine rotation. 
o Further discloses a means to determine position using an accelerometer. 

• US 17/586,292 Navar et al. – “Rotation monitoring assembly for an artificial lift system” 
o This discloses a sensor similar to that of the Hurst disclosure in that it utilizes a 

discrete switch to determine rotation. 
• US 10,167,707 Trapan et al. – “Rod string rotation during well pumping operations” 

o Discusses magnetic sensing of stroke position using a discrete magnet. It is noted 
that the use of a magnet to determine stroke position dates back to US 3,343,409 
Gibbs and is a well-known method of determining position. The use of a continuous 
magnetometer for this purpose was introduced in US 16/228,233. 

• US 11,572,770 Sengul et al. – “System and method for determining load and displacement 
of a polished rod” 

o Discloses a gyroscope coupled to the polished rod. Col 4, lines 50-53 “the 
integrated sensor 200 includes a strain gauge 202, gyroscope 204, and 
accelerometer 206 which may be positioned on the polished rod 124”. 

o See claim 1 “a gyroscope configured to measure an orientation, an angular 
velocity, or both of the beam pump unit as the beam pump unit operates”. 
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Concise description of relevancy: 
 
Claims from US 17/549,519 Discussion and relative citations 
1.  A sensor system for a downhole 
pumping system, comprising: 
a sensor subsystem for detecting 

movement of at least one 
component of the downhole 
pumping system, the sensor 
subsystem comprising: 

 
an axial motion sensor subsystem 

comprising a 
magnetometer, the 
magnetometer to be 
coupled to the at least one 
component of the downhole 
pumping system and to 
detect axial movement of 
the at least one component 
of the downhole pumping 
system based on variations 
in a magnet field detected 
by the magnetometer 
generated by movement of 
the at least one component 
of the downhole pumping 
system; and  

 
a rotation sensor subsystem 

comprising a gyroscope, 
the gyroscope to be 
coupled to the at least one 
component of the downhole 
pumping system and to 
detect rotational movement 
of the at least one 
component of the downhole 
pumping system by 
detecting rotational 
velocity values with the 
gyroscope generated by 
rotation of the at least one 

See US 16/228,233 claim 1: “the sensor is 
configured to generate a signal indicative of 
instantaneous radial orientation of a rod-string 
extending down into the well from a polished rod”. 
 
 
 
 
See US 16/228,233 Claim 1 “generate an alarm 
if the rod lift system is operational but invalid 
rotation of the rod-string is detected”. The term 
“operational” is indicative of linear, or “axial” 
motion of the rod-string. See claim 8 “the sensor 
comprises a magnetometer”.  
 
 
 
 
See US 16/228,233 paragraph [00126]; “As the 
pumping unit strokes, the sensor sees increasing 
field distortions as it nears these components.” 
And “observing historical readings and detecting 
changes in the variation of the historical 
magnetometer samples”. 
 
 
See US 16/228,233 claim 1 “the sensor is 
configured to generate a signal indicative of 
instantaneous radial orientation of a rod-string 
extending down into the well from a polished 
rod”. See claim 12 “the sensor further comprises 
an accelerometer, a barometer, a gyroscope, or 
combinations thereof”. 
 
See US 16/228,233 paragraph [00110] “The 
magnitude of the rotational acceleration, velocity, 
and finally displacement can be measured 
through the use of an accelerometer and a 
gyroscope over a single stroke.” 
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component of the downhole 
pumping system; and 

 
a processor subsystem to receive data 

from the axial motion sensor 
subsystem and the rotation sensor 
subsystem, the processor 
subsystem to: 

 
determine axial movement of the at 

least one component of the 
downhole pumping system 
with the axial motion 
sensor subsystem; and  

 
determine rotational velocity of 

the at least one component 
of the downhole pumping 
system with the rotation 
sensor subsystem by 
sampling rotational 
velocity values generated 
by the rotation of the at 
least one component of the 
downhole pumping system 
with the gyroscope. 

 

 
 
See US 16/228,233 claim 1 “a processor 
configured to: receive electrical signals from the 
sensor”.  
 
US 16/228,233 discloses both “determine axial 
movement” and “determine rotational velocity”. 
See paragraph [0021] “The processor is 
configured to receive signals from the sensing 
components that are indicative of at least partial 
radial position of the rod-string, or changing 
vertical position that is indicative of stroking 
action.” 
 
US 16/228,233 paragraph [0026]: “Rotation 
during idle periods is not expected and therefore 
does not need to be considered. Indicating non-
rotation during idle periods would be considered 
a false alarm as the functionality of the rotation 
system is indeterminate during that period.” 
 
US 16/228,233 paragraph [0029] “The sensing 
components may comprise a magnetometer, 
accelerometer and/or a gyroscope. In this 
instance, the accelerometer and gyroscope are 
configured to determine immediate rotational 
deflection of the bridle assembly during the 
course of a single stroke by way of an inertial 
reference.” 
 
US 11,319,794 (Fyfe) also discloses this claim; 
“In an alternative embodiment, a stand-alone 
wireless polished-rod rotation monitor has at 
least one polished-rod rotation sensor including a 
magnetometer, an accelerometer, or a gyroscopic 
sensor; a processor; a real-time clock; a wireless 
communicator; and a memory” 
 
US 11,572,770 (Sengul) Claim 1: “a gyroscope 
configured to measure an orientation, an angular 
velocity, or both of the beam pump unit as the 
beam pump unit operates” 
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Figure 6 from US 16/228,233 discloses the contents of Claim 1 and is replicated below for 
convenience: 

 

This figure shows there is a “rotating” determination (or “rotation sensor subsystem”) and a 
“stroking” determination (or “axial motion sensor subsystem”). The order of operations is clarified 
in US 16/228,233 paragraph [00134] “The order of detecting rotating and stroking in Query 602 
is not critical, but for power consumption purposes it is preferable to sense rotation first as that is 
a discrete and low frequency operation”. 605 is a fault condition in the rotation status (see 
paragraph [00138]). 

US 11,319,794 (Fyfe) also provides relevant disclosures regarding claim 1. See the section titled 
“Rod Rotator Monitor” beginning at the bottom of column 12. 

Both Fyfe and Phillips provide extensive details regarding how one would process the sensor data, 
and the challenges in determining both rotation and axial position using inertial sensors 
(magnetometer, accelerometer, gyro). 
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2.  The sensor system of claim 1, 
wherein the sensor subsystem is configured 
to detect movement of the at least one 
component of the downhole pumping 
system comprising at least one rod of the 
downhole pumping system extending from 
a surface location into a wellbore. 

See US 16/228,233 claim 1 “rod-string extending 
down into the well from a polished rod”. 

See US 16/228,233 claim 13: “the processor is 
further configured to receive signals advising as 
to whether the rod lift system is stroking”. 

 

3.  The sensor system of claim 2, 
wherein the processor subsystem is 
configured to verify the axial movement of 
the at least one rod before determining the 
rotation. 

See US 16/228,233 (Phillips) paragraph [0027] 
“Stroking action can be indicated by the 
barometer, accelerometer, or magnetometer 
individually”. 

The terms “operational”, “stroking” and “axial 
movement” refer to the same concept. 

Phillips claim 11: “generate the alarm if a 
revolution of the polished rod is not achieved in a 
given period of time, where the time period is 
active only while the rod lift system is stroking”. 

Phillips discloses “before determining the 
rotation”: see paragraph [00134] “The order of 
detecting rotating and stroking in Query 602 is 
not critical, but for power consumption purposes 
it is preferable to sense rotation first as that is a 
discrete and low frequency operation”. Further, 
the flow chart depicted in Figure 6 (Phillips) 
shows a cyclic dependence on the determination 
of rotation and stroking. In otherwards, the two 
determinations alternate, each naturally occurring 
“before” the other in a steady state. 
 

 

4.  The sensor system of claim 2, 
wherein the processor subsystem is 
configured to determine a change in 
direction the at least one rod. 
 

See US 16/228,233 paragraph [0020]; “In one 
aspect, the sensor is also configured to determine 
vertical motion. This indicates whether the rod 
lift system is stroking or whether it has stopped.” 

See US 16/228,233 [00133] “Furthermore, the 
sensing device may incorporate a number of 
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other sensors that can help identify whether the 
unit is stroking”.  

Fyfe discloses using a magnetic sensor to 
determine a change in direction. See col 30, lines 
26-30: “wherein the firmware for identifying a 
reference tick in each stroke uses a magnetic 
sensor of the polished-rod dynamometer.” And 
Fyfe claim 1: “identify, for each polished-rod 
stroke of a plurality of polished-rod strokes, a 
reference tick of said each polished-rod stroke to 
determine a duration of said each polished-rod 
stroke; and estimate polished-rod position 
throughout each polished-rod stroke”. 
 
Further examples of detecting a change in the 
linear direction for the purpose of determining the 
ends of a discrete stroke can also be found in 
Gibbs, Harding, Zhao, Trapan, and Sengul. 

 
5.  The sensor system of claim 4, 
wherein the processor subsystem is 
configured to begin sampling the 
rotational velocity after determining the 
change in direction the at least one rod. 

 

US 11,319,794 (Fyfe) col 7, lines 1-3; “We use 
this tick knowing the polished-rod velocity should 
be the same at the beginning and end of each 
identified stroke”. Velocity at the beginning and 
end of the stroke is known to be zero, indicating a 
change in direction. 

See US 16/228,233 paragraph [0133] (in regards 
to calibrating the sensors); “This could only be 
done if one knew the exact position in the stroke, 
and could ensure the sensor is always read in the 
same position, which is possible but not 
practical”. This paragraph identifies the 
determination of the exact position is possible. 
The term “not practical” in reference to the 
preferred embodiment and the desire to minimize 
power consumption. 

See US 16/228,233 paragraph [0029] “In this 
instance, the accelerometer and gyroscope are 
configured to determine immediate rotational 
deflection of the bridle assembly during the 
course of a single stroke by way of an inertial 
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reference.” Paragraph [0029] describes this as a 
single stroke which is well understood in the field 
of the invention to begin at a change of direction 
of the polished rod. 
 

 
6.  The sensor system of claim 5, 
wherein the processor subsystem is 
configured to continue sampling the 
rotational velocity until another change in 
direction the at least one rod is detected. 

See US 16/228,233 paragraph [00158]; “Also, the 
sensor requires no knowledge of the rotation 
angle per stroke, or likewise strokes per rotation. 
In fact, the sensor can provide these measured 
values.” In other words, US 16/228,233 discloses 
measuring a rotational change during a stroke. 

Fyfe identifies in col 7 lines 43-47: “In an 
alternative embodiment, both minima and 
maxima are identified within each stroke so that 
the stroke is separated into two pieces, such as 
time from minima to maxima and from maxima to 
minima. Scaling is then applied to each half of 
the stroke independently” 
 

 
7.  The sensor system of claim 5, 
wherein the processor subsystem is 
configured to continue sampling the 
rotational velocity along substantially an 
entire stroke of the at least one rod, the 
sampling beginning at a first change of 
direction of the at least one rod, 
continuing through a second change of 
direction of the at least one rod, and 
ceasing at a third change of direction of 
the at least one rod. 

 

See US 16/228,233 [0029]; “In this instance, the 
accelerometer and gyroscope are configured to 
determine immediate rotational deflection of the 
bridle assembly during the course of a single 
stroke by way of an inertial reference.” 

Fyfe col 7 lines 43-47 (discussed above) describe 
splitting the stroke. 

It is well understood in the field of the invention 
that a “stroke” is defined by a “first” (bottom of 
stroke), “second” (top of stroke), and “third” 
(return to bottom of stroke) “change of 
direction”. The stroke could alternatively start at 
the top of stroke and continue to the next top of 
stroke. 

Further, the sampling of sensor data “along 
substantially an entire stroke” is commonly done 
with load and position for the purpose of drawing 
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a dynamometer card. Sampling accelerometer 
data, for example, is commonly performed in this 
manner. Fyfe, Harding, Zhao, and Sengul 
disclose this process. 
 

 
8.  The sensor system of claim 1, 
wherein the sensor subsystem is 
configured to detect movement of the at 
least one component of the downhole 
pumping system comprising a tubing 
rotator of the downhole pumping system. 

 

US 9,140,113 (Hurst) discloses a tubing rotator 
and sensing rotation of the tubing string. See 
Hurst claim 2: “The method of claim 1, wherein 
the monitoring is performed by a mechanism 
incorporated in at least one of a load cell, a rod 
rotator, or a tubing rotator.” 

US 11,319,794 (Fyfe) discloses a tubing rotator 
sensor in addition to sensing using inertial 
sensors. See the section titled “Tubing Rotation 
Monitoring”, column 14. 

 
9.  The sensor system of claim 8, 
wherein the sensor subsystem is 
configured to detect rotation of the tubing 
rotator while detecting axial movement of 
a polished of the downhole pumping 
system. 

 

US 16/228,233 (Phillips) discloses the correlation 
between stroking motion and rotational motion. 
See Figure 6 and claim 1 “generate an alarm if 
the rod lift system is operational but invalid 
rotation”. 

Rod rotators and tubing rotators may be used on 
the same well. The rotational drive mechanism 
is mechanically similar (actuated by the stroking 
action of the pumping unit via a cable and 
ratchet arm mechanism). 

US 11,319,794 (Fyfe) discloses a sensor capable 
of detecting both tubing rotation as well as axial 
motion of the polished rod. Col 5, line 46-47; 
“Sensor 291 may be configured to monitor 
displacement of the polished rod” and the 
section titled “Tubing Rotation Monitoring”, 
column 14. 
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10.  The sensor system of claim 1, 
wherein the processor subsystem is 
configured to determine the rotational 
velocity of the at least one component of 
the downhole pumping system by 
summing both positive and negative 
samples of the rotational velocity values 
sensed by the rotation sensor subsystem. 

 

US 16/228,233 paragraph [0029] discloses “In 
this instance, the accelerometer and gyroscope 
are configured to determine immediate rotational 
deflection of the bridle assembly during the 
course of a single stroke by way of an inertial 
reference.” Velocity and position (or deflection) 
are related in that velocity is a change in position 
over time. 

US 3,343,409 (Gibbs), discloses (col 12, line 40-
42) “The signal generator contains the necessary 
operational amplifiers to both shape the signals 
and sum the signals.” 

The mathematical process of converting 
accelerometer measurements from acceleration to 
velocity to position is common in the field, and 
involves “summing both positive and negative 
samples of the rotational velocity values.” 

See US 11,319,794 (Fyfe) col 6, lines 61-63 “To 
improve position determined by double 
integration from accelerometer readings taken 
within the polished-rod dynamometer”. 

Fyfe col 6, lines 1-2; “gyroscope to measure 
angular velocity and angular acceleration with 
differentiation”. The mathematical terms 
“integration” and “differentiation” are inverse 
operations, both of which involve summation. 

Gyros inherently measure a rotational velocity, 
typically in terms of degrees per second. See US 
9,903,193 (Harding) col 4, lines 41-46: “Time 
series data on the crank angle (theta in radians, θ 
in rad), the crank angular velocity (in rad/sec), 
and the crank angular acceleration (in rad/sec2) 
may be generated, with a corresponding 
timestamp, as the crank's phase “cycle” may be 
estimated using a 6-axis IMU sensor.” The IMU 
contains a gyroscope sensor. 
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11.  The sensor system of claim 10, 
wherein the processor subsystem is 
configured to compare the determined 
rotational velocity of the at least one 
component of the downhole pumping 
system with an expected amount of 
rotational velocity to determine a failure 
in the rotation of the at least one 
component of the downhole pumping 
system. 

See US 16/228,233 claim 1: “generate an alarm 
if the rod lift system is operational but invalid 
rotation of the rod-string is detected” and claim 
10: “The apparatus of claim 9, wherein the 
expected value is based on a historic rotation rate 
during periods of active rotation.” 

Rate and velocity are interchangeable terms in 
this context as velocity is fundamentally a rate of 
change in position over time. 

See US 16/228,233 paragraph [0138] (in regard 
to Figure 6); “This is considered to be a fault 
condition”. 

US 11,319,794 (Fyfe) also discloses “determine a 
failure in the rotation” using a rotational velocity. 
See col 2 line 52-54; “This may include setting an 
alarm when data differs from previously recorded 
data from the same pumpjack by more than a 
configurable threshold.” and col 6, line 1; 
“gyroscope to measure angular velocity”. 
 

 
12.  The sensor system of claim 1, 
further comprising a vibration sensor 
subsystem for monitoring vibration of the 
at least one component of the downhole 
pumping system over a vibrational 
baseline. 

 

US 11,339,643 (Robison) discloses a vibration. 
Robison col 3 line 41-42 “The principles 
described below can be used to monitor vibration 
produced during operation of the pumping unit”. 

US 11,319,794 (Fyfe) discloses a vibration sensor 
placed on the polished rod; col 2 line 14-18 “In 
an embodiment, a polished-rod dynamometer has 
at least one accelerometer adapted to measure 
acceleration and vibration of the polished rod”. 

And further defines vibration relative to a 
baseline; Fyfe col 12, line 65-67: “A change in 
vibration levels or other sensor inputs such as 
flows and pressures may indicate a change of 
state or deterioration in performance” 
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13.  A sensor system for a downhole 
pumping system, comprising: 

a sensor subsystem for detecting 
movement of at least one 
component of the downhole 
pumping system, the sensor 
subsystem comprising: 

an axial motion sensor subsystem 
comprising an axial motion 
sensor, the axial motion 
sensor to be coupled to the 
at least one component of 
the downhole pumping 
system and to detect axial 
movement of the at least 
one component of the 
downhole pumping system 
based on variations 
detected by the axial 
motion sensor generated 
by movement of the at least 
one component of the 
downhole pumping system; 
and  

a rotation sensor subsystem 
comprising a rotational 
sensor, the rotational 
sensor to be coupled to the 
at least one component of 
the downhole pumping 
system and to detect 
rotational movement of the 
at least one component of 
the downhole pumping 
system by sampling 
rotational velocity values 
with the rotational sensor 
generated by rotation of 
the at least one component 
of the downhole pumping 
system; and 

See remarks regarding claim 1 above. 
 

US 3,343,409 Gibbs discloses an axial motion 
sensor to detect axial movement. See Claim 1: 
“(c) measuring and recording the load and 
displacement of the polished rod as functions of 
time”. The term “displacement” here refers to the 
linear position within the stroke, or “axial 
motion”. 

US 16/228,233 paragraph [0077] “Short term 
variation in the magnetometer readings can 
therefore also be indicative of stroking action.”. 
More generally, “variations” in position may be 
used to determine axial motion by other methods:  

Gibbs US 3,343,409: col 2, line 53: “a 
displacement transducer 37”. 
Fyfe US 11,319,794 col 2, lines 17-19: “firmware 
to double-integrate polished-rod acceleration to 
determine polished-rod position in a pumpjack 
cycle”. 
Zhao US 11,542,938 Col 4, lines 58-59: “In an 
example, the position sensor may be circuitry 
including an accelerometer”. 

 
Hurst, Phillips, Fyfe, as well as Zhao and Navar 
disclose a rotational sensor. See claim 1 
discussion above. US 16/228,233 claim 1 “the 
sensor is configured to generate a signal 
indicative of instantaneous radial orientation of a 
rod-string extending down into the well from a 
polished rod”. 

Navar [0023]: “to identify whether the polish rods 
are not rotating or are not rotating at a target 
rate”. 
 
See Fyfe “Rod Rotator Monitor” section, 
columns 12-13. 
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a processor subsystem to receive data 
from the axial motion sensor 
subsystem and the rotation sensor 
subsystem, the processor 
subsystem to: 

verify the axial movement of the at 
least one component of the 
downhole pumping system 
with the axial motion 
sensor subsystem; and  

when the axial movement has been 
verified, determine 
rotational velocity of the at 
least one component of the 
downhole pumping system 
with the rotational velocity 
values detected by the 
rotation sensor subsystem. 

US 16/228,233 discloses both the axial motion 
and rotational sensor subsystems. As does Fyfe. 
See “Rod Rotator Monitor” section (col 12-13) 
and Fyfe claim 1: “estimate polished-rod position 
throughout each polished-rod stroke from 
readings from the accelerometer”. 
 
See US 16/228,233 [0021] “The processor is 
configured to receive signals from the sensing 
components that are indicative of at least partial 
radial position of the rod-string, or changing 
vertical position that is indicative of stroking 
action.” 
 
US 16/228,233 figure 6 illustrates combining 
“verify the axial movement” and “when the axial 
movement has been verified, determine rotational 
velocity”. Further, claim 1 from US 16/228,233: 
“generate an alarm if the rod lift system is 
operational but invalid rotation of the rod-string 
is detected”. 
 

 
14.  The sensor system of claim 13, 
wherein the axial motion sensor 
subsystem comprises a magnetometer and 
the rotation sensor subsystem comprises a 
gyroscope. 

US 16/228,233 discloses both a magnetometer; 
see claim 8 “the sensor comprises a 
magnetometer” and a gyroscope; see claim 12 
“The apparatus of claim 8, wherein the sensor 
further comprises an accelerometer, a barometer, 
a gyroscope, or combinations thereof.”  

Fyfe discloses a magnetometer for “axial 
motion”, see col 6 lines 61-68: “To improve 
position determined by double integration from 
accelerometer … with an external magnet and 
magnetometer”. And further discloses a 
gyroscope, see col 13 lines 38-42 “In an 
alternative embodiment, the polished-rod 
dynamometer 261 includes calibrated rotational 
accelerometers and rate-gyro sensors to sense 
rotational accelerations of the polished rod 224 
resulting from each yank of the handle 219 of the 
rod rotator during each stroke of the polished 
rod”. 
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15.  The sensor system of claim 14, 
wherein the sensor subsystem is 
configured to detect movement of the at 
least one component of the downhole 
pumping system comprising at least one 
rod of the downhole pumping system 
extending from a surface location into a 
wellbore, and wherein the processor 
subsystem is configured to continue 
sampling the rotational velocity values of 
the at least one rod over a stroke of the at 
least one rod. 

 

See US 16/228,233 paragraph [0029]; “In this 
instance, the accelerometer and gyroscope are 
configured to determine immediate rotational 
deflection of the bridle assembly during the 
course of a single stroke by way of an inertial 
reference.” 

Phillips paragraph [0042] “The accelerometer 
and gyroscope determine rotational deflection of 
the bridle assembly during the course of a single 
stroke”. 

Phillips paragraph [00103]: “The anti-rotation 
device 208 makes the entire bridle assembly 240 
act as a single mass for the course of a given 
stroke. The bridle cables 102 are somewhat 
flexible and resist the rotation, but allow for some 
limited rotational deflection during the stroke.” 

Phillips paragraph [00110] “The magnitude of the 
rotational acceleration, velocity, and finally 
displacement can be measured through the use of 
an accelerometer and a gyroscope over a single 
stroke.” 
 

 
16.  A sensor system for a downhole 
pumping system, comprising: 

a sensor subsystem for detecting 
movement of a tubing rotator of 
the downhole pumping system, the 
sensor subsystem comprising a 
rotation sensor subsystem 
comprising a rotational sensor, 
the rotational sensor to be coupled 
to the tubing rotator of the 
downhole pumping system and to 
detect rotational movement of the 
tubing rotator of the downhole 
pumping system by sampling 
rotational velocity values with the 
rotational sensor generated by 

US 9,140,113 (Hurst) discloses a tubing rotator in 
claim 2: “The method of claim 1, wherein the 
monitoring is performed by a mechanism 
incorporated in at least one of a load cell, a rod 
rotator, or a tubing rotator.” 

Fyfe further discloses monitoring a tubing rotator. 
See Fyfe section titled “Tubing Rotation 
Monitoring” on column 14. Fyfe also discloses 
the means to monitor rotation using inertial 
sensors. 

Phillips discloses a processor for the purpose of 
determining rotational velocity. See paragraph 
[0030]; “The processor is configured to receive 
signals from the sensing components indicative of 
instantaneous torque induced rotational 
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rotation of the tubing rotator of 
the downhole pumping system; 
and 

a processor subsystem to receive data 
from the rotation sensor 
subsystem, the processor 
subsystem to determine rotational 
velocity of the tubing rotator of the 
downhole pumping system with the 
rotational velocity values detected 
by the rotation sensor subsystem.  
 

deflection of the bridle assembly during stroking, 
and process those signals to detect intra-stroke 
torsional deflection over time, indicating a 
buildup of torque in the rod-string.” 

Fyfe col 27 lines 15-18; “The same polished-rod 
dynamometer can optionally receive polished rod 
or tubing rotation information from angular 
accelerometers and/or gyroscopes or magnetic 
sensors within the dynamometer” 

 
17.  The sensor system of claim 16, 
wherein the rotation sensor subsystem 
comprises at least one of a gyroscope or 
an accelerometer. 

 

Fyfe (which discloses monitoring both a rod 
rotator and a tubing rotator sensor) col 13, lines 
51-53: “rotation monitor has at least one 
polished-rod rotation sensor including a 
magnetometer, an accelerometer, or a gyroscopic 
sensor; a processor”. 

See US 16/228,233 (Phillips) claim 12 “The 
apparatus of claim 8, wherein the sensor further 
comprises an accelerometer, a barometer, a 
gyroscope, or combinations thereof.” 

Phillips paragraph [0043] clarifies the selection of 
sensors is independent. “The processor 
periodically receives signals from a 
magnetometer, accelerometer and/or gyroscope, 
and processes those signals to detect intra-stroke 
torsional deflection”. 
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18.  The sensor system of claim 16, 
wherein the rotation sensor subsystem is 
configured to monitor the rotation of the 
tubing rotator along a path that extends in 
a direction substantially perpendicular to 
a surface upon which the downhole 
pumping system is positioned. 

 

See US 11,319,794 (Fyfe) col 7 line 66 to col 8 
line 2: “The sensor pod is coupled to monitor 
rotation of the crank of the pumpjack or monitor 
rotation of an output shaft of the gearbox of the 
pumpjack”. While the rotation of the gearbox and 
crank of the pumping unit is a different 
mechanism from a tubing rotator, both drive 
shafts are horizontal. Placing a sensor on the 
crank arm of the pumping unit, to monitor 
rotation in a vertical plane (about a horizontal 
axis), is demonstrated by Fyfe using an 
accelerometer or gyro. 
 

 
19.  A method of detecting motion of at 
least one component of a downhole 
pumping system, the method comprising: 

detecting axial movement of at least one 
component of the downhole 
pumping system based on 
variations detected by an axial 
motion sensor coupled to the at 
least one component of the 
downhole pumping system 
generated by translation of the at 
least one component of the 
downhole pumping system;  

detecting rotational movement of the at 
least one component of the 
downhole pumping system with a 
rotational sensor generated by 
rotation of the at least one 
component of the downhole 
pumping system; and 

verifying axial movement of the at least 
one component of the downhole 
pumping system with the axial 
motion sensor before the detecting 
of the rotational movement of the 

For “variations” in the magnetic field, see US 
16/228,233 paragraph [0077] “Short term 
variation in the magnetometer readings can 
therefore also be indicative of stroking action.”.  
 
For “variations” in linear motion, see Gibbs, 
Zhao, Harding, Sengul. 
 
 
“Stroking”, “linear movement”, “displacement” in 
the cited documents are equivalent terms of 
“translation”. 
 
 
Hurst, Phillips, Fyfe, Navar, and Zhao disclose a 
rotational sensor. 
 
 
 
 
 
 
Phillips and Fyfe disclose the combination of 
both the axial motion and rotational sensor 
subsystems. Figure 6 (Phillips) illustrates the 
combination of both, for the purpose of 
combining “verifying axial movement” and 
“before the detecting of the rotational 
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at least one component of the 
downhole pumping system with the 
rotational sensor. 
 

movement”. See further, US 16/228,233 claim 1: 
“generate an alarm if the rod lift system is 
operational but invalid rotation of the rod-string 
is detected”. 
 

 
20.  The method of claim 19, further 
comprising comparing a rotational 
velocity detected with the rotational 
sensor with a threshold value to determine 
a performance characteristic of the at 
least one component of the downhole 
pumping system.  

 

See US 16/228,233 claim 9: “generate the alarm 
if rotational travel of the polished rod over a 
given period of time is different than an expected 
value.” 

The term “rotational travel” from US 16/228,233 
is “a performance characteristic”. Further 
performance characteristics are provided in, 
paragraph [00158] “the sensor requires no 
knowledge of the rotation angle per stroke, or 
likewise strokes per rotation. In fact, the sensor 
can provide these measured values”. 

Paragraph [0026] “the processor is able to 
determine a rate of rotation at any given point. If 
this rate effectively falls to zero, the processor 
can determine this lack of rotation without 
knowledge of the associated angle per stroke”. 
The threshold value in this case would be any 
value greater than zero. It should be understood 
that other values may be used for this purpose. 

Fyfe col 2 lines 51-54: “This may include setting 
an alarm when data differs from previously 
recorded data from the same pumpjack by more 
than a configurable threshold” 
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Further discussion: 
 
Axial Motion Subsystem: 
Figure 8 (US 16/228,233) is replicated below for convenience. Field variations are illustrated 
along the vertical traveling path. 802 moves up and down. This is “linear motion”, “stroking 
action”, or “axial motion” is relevant to the magnetic field variations discussed in US 
17/549,519 

 

Paragraph [00127] (US 16/228,233) identifies and attributes the magnetic field variations to 
specific components of the pumping system and their location along the stroking path: “The 
magnitude of the distortions can dominate the reading depending on the proximity of the sensor 
to the ferrous material present in the pumping system. The wellhead 801, horsehead 804, 
counterweights 814, etc. all create distortions and act at different longitudinal positions during 
the motion of the sensor.  Magnetic field lines are shown at various elevations (805-813) along 
the vertical path of the sensor 803”. 
 
US 16/228,233, paragraph [00126] discloses how a magnetic field would be interpreted in a 
complex and dynamic environment, for the purpose of determining a location within the stroke: 

In some pumping unit configurations such as a Mark-II unit (not shown), the 
counterweights 814 come very close to the polished rod and can accordingly 
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create a very dynamic field distortion which affects the sensor reading. As the 
pumping unit strokes, the sensor sees increasing field distortions as it nears these 
components. 

 

Rotation sensor subsystem: 

Claim 1 from US 16/228,233 recites “indicative of an instantaneous status of rotation”. A 
gyroscope is a sensor for measuring angular velocity. Velocity is an instantaneous measure of a 
change in position over time, or a rate of change in position. Claim 12 from US 16/228,233 
discloses the use of a gyroscope. 
 
US 16/228,233 discloses the use of an accelerometer or a gyro in paragraph [0029] “The sensing 
components may comprise a magnetometer, accelerometer and/or a gyroscope. In this instance, 
the accelerometer and gyroscope are configured to determine immediate rotational deflection of 
the bridle assembly during the course of a single stroke by way of an inertial reference.” 
 
US 9,903,193 B2, titled “Systems and Methods for Sucker Rod Pump Jack Visualizations and 
Analytics” issued Feb. 27th, 2018, discloses the use of a gyro, primarily on the crank arm to 
determine rotation in terms of an angle and velocity. This disclosure also provides a very specific 
description of a gyroscope placed directly on the polished rod. Relevant lines from US 9,903,193 
B2 are replicated below for convenience. 
 
Column 5, lines 60-62: 

At least one 6-Axis IMU (accelerometer plus gyroscope) may be attached to the 
polished rod and is referred to as the bridle sensor. 

 
Column 9, lines 62-64: 

The final result provides accurate crank angle and crank angle velocity time series 
data, which may be used in further pumping unit analytics. 

 
Additional observations from the specification: 
US 17/549,519, paragraphs [0027], [0037-38] and [0044] discuss wireless communication and a 
battery powered device. This is disclosed in US 16/228,233: 

[0089] The preferred embodiment of the sensing device 201 is a self-contained, 
battery-powered device which is installed on the polished rod. This 
necessarily requires any external signal to be transmitted wirelessly, and 
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then converted to a useable output or to a visual indicator. Thus, in one 
aspect the wireless I/O module 250 provides the output signals in a 
convenient location, preferably with access to external power. This allows 
the sensing device 201 to operate in an extremely low power mode, thus 
conserving battery life. 

 
US 16/228,233 paragraph [00152] “It is preferred to keep the sensor asleep as much as possible 
to conserve battery life.” And: 

]00159] Power consumption of the sensing device is reduced because it does not 
need to be on all the time. Sensing the orientation within a gravity or 
magnetic field can be done independently from any previous state. This 
means the device can be powered down between readings. The readings can 
be scheduled at regular intervals irrespective of any external positioning. 
This can be optimized to historical rotational rates, deducting idle periods 
to help conserve battery life. 

 
US 17/549,519, paragraph [0038] discusses a self-calibrating sensor. This is disclosed in US 
16/228,233 paragraph [00131] “The inherent rotation of the system also presents an opportunity 
to automatically calibrate the sensor.” 
 
 
 

CONCLUSION 
A small entity filing fee of $72 is set forth in accordance with 37 CFR §1.17(o). Should the 
examiner have any questions regarding this submission, please feel free to contact me at 
wp@wansco.com. 
 
 

/Walter Phillips/ 
Walter Phillips 
10/29/2023 
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IN THE CLAIMS: 

All of the pending claims are presented below.  This listing of claims will replace all 

prior versions and listings of claims in the application.  Please enter these claims as amended. 

 

Listing of the Claims: 

 

1. (Currently Amended)  A sensor system for a downhole pumping system, 

comprising: 

a sensor subsystem for detecting movement of at least one component of the downhole pumping 

system, the sensor subsystem comprising: 

an axial motion sensor subsystem comprising a magnetometer, the magnetometer to be 

coupled to the at least one component of the downhole pumping system and to 

detectmeasure axial movement of the at least one component of the downhole 

pumping system based on variations in a magnet field detected by the 

magnetometer generated by movement of the at least one component of the 

downhole pumping system; 

a rotation sensor subsystem comprising a gyroscope, the gyroscope to be coupled to the 

at least one component of the downhole pumping system and to detect rotational 

movement of the at least one component of the downhole pumping system by 

detecting rotational velocity values with the gyroscope generated by rotation of 

the at least one component of the downhole pumping system; and 

a vibration sensor subsystem for monitoring vibration of the at least one component of 

the downhole pumping system in three axes; and 

a processor subsystem to receive data from the axial motion sensor subsystem and the rotation 

sensor subsystem, the processor subsystem to: 

determinemeasure axial movement of the at least one component of the downhole 

pumping system with the magnetometer of the axial motion sensor subsystem; 

determine rotational velocity of the at least one component of the downhole pumping 

system with the rotation sensor subsystem by sampling rotational velocity values 
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generated by the rotation of the at least one component of the downhole pumping 

system with only the gyroscope.   

 

2.  (Original)  The sensor system of claim 1, wherein the sensor subsystem is 

configured to detect movement of the at least one component of the downhole pumping system 

comprising at least one rod of the downhole pumping system extending from a surface location 

into a wellbore. 

 

3.  (Original)  The sensor system of claim 2, wherein the processor subsystem is 

configured to verify the axial movement of the at least one rod before determining the rotation. 

 

4.  (Original)  The sensor system of claim 2, wherein the processor subsystem is 

configured to determine a change in direction the at least one rod. 

 

5.  (Original)  The sensor system of claim 4, wherein the processor subsystem is 

configured to begin sampling the rotational velocity after determining the change in direction the 

at least one rod. 

 

6.  (Original)  The sensor system of claim 5, wherein the processor subsystem is 

configured to continue sampling the rotational velocity until another change in direction the at 

least one rod is detected. 

 

7.  (Original)  The sensor system of claim 5, wherein the processor subsystem is 

configured to continue sampling the rotational velocity along substantially an entire stroke of the 

at least one rod, the sampling beginning at a first change of direction of the at least one rod, 

continuing through a second change of direction of the at least one rod, and ceasing at a third 

change of direction of the at least one rod. 
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8.  (Original)  The sensor system of claim 1, wherein the sensor subsystem is 

configured to detect movement of the at least one component of the downhole pumping system 

comprising a tubing rotator of the downhole pumping system. 

 

9.  (Original)  The sensor system of claim 8, wherein the sensor subsystem is 

configured to detect rotation of the tubing rotator while detecting axial movement of a polished 

of the downhole pumping system. 

 

10.  (Original)  The sensor system of claim 1, wherein the processor subsystem is 

configured to determine the rotational velocity of the at least one component of the downhole 

pumping system by summing both positive and negative samples of the rotational velocity values 

sensed by the rotation sensor subsystem. 

 

11.  (Original)  The sensor system of claim 10, wherein the processor subsystem is 

configured to compare the determined rotational velocity of the at least one component of the 

downhole pumping system with an expected amount of rotational velocity to determine a failure 

in the rotation of the at least one component of the downhole pumping system. 

 

12.  (Currently Amended)  The sensor system of claim 1, further comprising a 

vibration sensor subsystem for monitoring vibration of the at least one component of the 

downhole pumping system in three axes over a vibrational baseline. 

 

13.  (Currently Amended)  A sensor system for a downhole pumping system, 

comprising: 

a sensor subsystem for detecting movement of at least one component of the downhole pumping 

system, the sensor subsystem comprising: 

an axial motion sensor subsystem comprising an axial motion sensor, the axial motion 

sensor to be coupled to the at least one component of the downhole pumping 

system and to detectmeasure axial movement of the at least one component of the 

downhole pumping system based on variations detected by the axial motion 
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sensor generated by movement of the at least one component of the downhole 

pumping system; and  

a rotation sensor subsystem comprising a rotational sensor, the rotational sensor to be 

coupled to the at least one component of the downhole pumping system and to 

detect rotational movement of the at least one component of the downhole 

pumping system by sampling rotational velocity values with the rotational sensor 

generated by rotation of the at least one component of the downhole pumping 

system; and 

a vibration sensor subsystem for monitoring vibration of the at least one component of 

the downhole pumping system in three axes; and 

a processor subsystem to receive data from the axial motion sensor subsystem and the rotation 

sensor subsystem, the processor subsystem to: 

derive a vibrational baseline of the at least one component of the downhole pumping 

system from the vibration sensor subsystem in three axes during normal 

operation; 

verify the axial movement of the at least one component of the downhole pumping 

system with the axial motion sensor subsystem; and  

when the axial movement has been verified, determine rotational velocity of the at least 

one component of the downhole pumping system with the rotational velocity 

values detected by the rotation sensor subsystem.   

 

14. (Original)  The sensor system of claim 13, wherein the axial motion sensor 

subsystem comprises a magnetometer and the rotation sensor subsystem comprises a gyroscope.   

 

15. (Original)  The sensor system of claim 14, wherein the sensor subsystem is 

configured to detect movement of the at least one component of the downhole pumping system 

comprising at least one rod of the downhole pumping system extending from a surface location 

into a wellbore, and wherein the processor subsystem is configured to continue sampling the 

rotational velocity values of the at least one rod over a stroke of the at least one rod. 
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16. (Currently Amended)  A sensor system for a downhole pumping system, 

comprising: 

an axial motion sensor subsystem comprising a magnetometer to measure axial movement of at 

least one component of the downhole pumping system and to determine a change in axial 

direction of the at least one component of the downhole pumping system; 

a sensor subsystem for detecting movement of a tubing rotator of the downhole pumping system, 

the sensor subsystem comprising a rotation sensor subsystem comprising a rotational 

sensor, the rotational sensor to be coupled to the tubing rotator of the downhole pumping 

system and to detect rotational movement of the tubing rotator of the downhole pumping 

system by sampling rotational velocity values with the rotational sensor generated by 

rotation of the tubing rotator of the downhole pumping system; and 

a processor subsystem to receive data from the rotation sensor subsystem, the processor 

subsystem to determine rotational velocity of the tubing rotator of the downhole pumping 

system with the rotational velocity values detected by the rotation sensor subsystem.   

 

17. (Original)  The sensor system of claim 16, wherein the rotation sensor subsystem 

comprises at least one of a gyroscope or an accelerometer. 

 

18. (Original)  The sensor system of claim 16, wherein the rotation sensor subsystem 

is configured to monitor the rotation of the tubing rotator along a path that extends in a direction 

substantially perpendicular to a surface upon which the downhole pumping system is positioned. 

 

19.  (Currently Amended)  A method of detecting motion of at least one component 

of a downhole pumping system, the method comprising: 

detectingaxial movementdetermining a change in axial direction of at least one component of the 

downhole pumping system based on magnetic variations detected by an axial motion 

sensor coupled to the at least one component of the downhole pumping system generated 

by translation of the at least one component of the downhole pumping system;  
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detecting rotational movement of the at least one component of the downhole pumping system 

with a rotational sensor generated by rotation of the at least one component of the 

downhole pumping system; and 

verifying axial movement of the at least one component of the downhole pumping system with 

the axial motion sensor before the detecting of the rotational movement of the at least one 

component of the downhole pumping system with the rotational sensor. 

 

20. (Original)  The method of claim 19, further comprising comparing a rotational 

velocity detected with the rotational sensor with a threshold value to determine a performance 

characteristic of the at least one component of the downhole pumping system.    
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REMARKS 

Status of the Claims 

This amendment is filed in response to the Office Action mailed June 14, 2024. 

Claims 1-20 are pending and stand rejected.   

Claims 1, 12, 13, 16, and 19 are amended.   

Support for the amendments to claims 1, 12, 16, and 19 is found at least at paragraphs 

[0028], and [0051] of the application as filed.  Support for the amendments to claim 13 is found 

at least at paragraphs [0027], [0039], and [0043] of the application as filed.   

No new matter is added.  

For at least the reasons presented below, Applicant respectfully submits that each of the 

pending claims is in condition for allowance. 

 

35 U.S.C. § 102 

Claims 1-7 and 13-15 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by 

Phillips (US 20190203579A1) (hereinafter “Phillips”). 

A claim is anticipated only if each and every element as set forth in the claim is found, 

either expressly or inherently described, in a single prior art reference.  Verdegaal Brothers v. 

Union Oil Co. of California, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987).  The identical invention must 

be shown in as complete detail as is contained in the claim.  Richardson v. Suzuki Motor Co., 9 

USPQ2d 1913, 1920 (Fed. Cir. 1989). 

Unless a single prior art reference describes “all of the limitations claimed” and “all of the 

limitations arranged or combined in the same way as recited in the claim, it cannot be said to prove 

prior invention of the thing claimed and, thus, cannot anticipate under 35 U.S.C. § 102.”  Net 

MoneyIN Inc. v. VeriSign Inc., 545 F.3d 1359, 1371 (Fed. Cir. 2008) (emphasis added).  A single 

prior art reference must “clearly and unequivocally” describe the claimed invention “without any 

need for picking, choosing, and combining various disclosures not directly related to each other 

by the teachings of the cited reference.”  Id. (citing In re Arkley, 455 F.2d 586, 587 (C.C.P.A. 

1972)).     
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Claims 1-7 

 Applicant respectfully asserts that claims 1-7 are not anticipated by Phillips under 35 

U.S.C. § 102(a)(1) at least because Phillips does not describe each and every element of 

independent claim 1, as currently amended.   

 For example, Phillips does not describe a “magnetometer to be coupled to the at least one 

component of the downhole pumping system and to measure axial movement of the at least one 

component of the downhole pumping system based on variations in a magnet field detected by the 

magnetometer” as recited in claim 1. 

 Phillips describes a sensing device that includes a magnetometer and that “[t]he 

magnetometer is effectively a compass that identifies a radial orientation of the sensor relative 

to a fixed external location such as true north.” Phillips, ¶ [0022] (emphasis added).    

 Phillips does not appear to describe, however, that the magnetometer is used to “measure 

axial movement of the at least one component of the downhole pumping system based on 

variations in a magnet field detected by the magnetometer” as recited in claim 1. 

 While Phillips appears to make some contradictory statements regarding movement of 

polished rod, at best, Phillips only appears to be capable of detecting whether the rod is moving 

or not.  However, the configurations of Phillips do not appear to be capable of measuring axial 

movement with the magnetometer.     

 Further, Phillips does not disclose “determin[ing] rotational velocity of the at least one 

component of the downhole pumping system with the rotation sensor subsystem by sampling 

rotational velocity values generated by the rotation of the at least one component of the 

downhole pumping system with only the gyroscope,” as further recited in amended claim 1.   

Thus, claims 1, and claims 2-7 depending therefrom, are believed to be in condition for 

allowance.     
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Claims 13-15 

 Applicant respectfully asserts that claims 13-15 are not anticipated by Phillips under 35 

U.S.C. § 102(a)(1) at least because Phillips does not describe each and every element of 

independent claim 13, as currently amended.   

 For example, Phillips does not describe “a vibration sensor subsystem for monitoring 

vibration of the at least one component of the downhole pumping system in three axes,” or deriving 

“a vibrational baseline of the at least one component of the downhole pumping system from the 

vibration sensor subsystem in three axes during normal operation” as recited in claim 13. 

 As recognized in the Office Action, Phillips fails to teach a vibration sensor subsystem. 

Office Action, page 11. 

Thus, claims 13, and claims 14 and 15 depending therefrom, are believed to be in 

condition for allowance.     

 

35 U.S.C. § 103 

Claims 10 and 11 are rejected under 35 U.S.C. 103 as being unpatentable over Phillips. 

 To establish a prima facie case of obviousness, the prior art reference itself (or references 

when combined) or “the inferences and creative steps that a person of ordinary skill in the art 

would [have] employ[ed]” at the time of the invention must teach or suggest all of the claim 

elements.  K.S.R. Intern. Co. v. Teleflex Inc., 550 U.S. 398, 418, 82 U.S.P.Q.2d 1385 (2007); see 

also M.P.E.P. § 2143.03.  Additionally, the Examiner must determine whether there is “an 

apparent reason to combine the known elements in the fashion claimed by the patent at 

issue.”  Id.   “[A] patent composed of several elements is not proved obvious merely by 

demonstrating that each of its elements was, independently, known in the prior art.”  Id.  Further, 

rejections on obviousness grounds “cannot be sustained by mere conclusory statements; instead, 

there must be some articulated reasoning with some rational underpinning to support the legal 

conclusion of obviousness.” Id. (quoting In re Kahn, 441, F.3d 977, 988 (Fed. Cir. 2006)).  Finally, 

to establish a prima facie case of obviousness there must be a reasonable expectation of success.  In 

re Merck & Co., Inc., 800 F.2d 1091, 1097 (Fed. Cir. 1986).  Furthermore, the reason that would 

have prompted the combination and the reasonable expectation of success must be found in the 
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prior art, common knowledge, or the nature of the problem itself, and not based on the Applicant’s 

disclosure.  DyStar Textilfarben GmbH & Co. Deutschland KG v. C. H. Patrick Co., 464 F.3d 

1356, 1367 (Fed. Cir. 2006); MPEP § 2144.  Underlying the obvious determination is the fact that 

hindsight cannot be used.  KSR, 550 U.S. at 421; DyStar, 464 F.3d at 1367. 

 Applicant respectfully asserts that claims 10 and 11 could not have been obvious to a 

person of ordinary skill in the art at the time the invention was made considering Phillips at least 

because Phillips does not teach or suggest each and every element as recited in independent 

claim 1, as currently amended.   

 For example, Phillips does not teach or suggest a “magnetometer to be coupled to the at 

least one component of the downhole pumping system and to measure axial movement of the at 

least one component of the downhole pumping system based on variations in a magnet field 

detected by the magnetometer” as recited in claim 1. 

 Phillips teaches a sensing device that includes a mangnetometer and that “[t]he 

magnetometer is effectively a compass that identifies a radial orientation of the sensor relative 

to a fixed external location such as true north.” Phillips, ¶ [0022] (emphasis added). Phillips does 

not appear to teach or suggest, however, that the magnetometer is used to “measure axial 

movement of the at least one component of the downhole pumping system based on variations in 

a magnet field detected by the magnetometer” as recited in claim 1. 

 Thus, claim 1, and claims 10 and 11 depending therefrom, are believed to be in condition 

for allowance.  

 

Claims 8, 9, and 16-18 are rejected under 35 U.S.C. 103 as being unpatentable over 

Phillips  in view of Hurst et al. (US9140113B2) (hereinafter “Hurst”). 
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 Applicant respectfully asserts that claims 8, 9, and 16-18 could not have been obvious to a 

person of ordinary skill in the art at the time the invention was made considering Phillips in view 

of Hurst at least because Phillips and Hurst, alone or in combination, do not teach or suggest each 

and every element as recited in independent claims 1 or 16, as currently amended.   

 For example, Phillips and Hurst, alone or in combination, do not teach or suggest 

“magnetometer to be coupled to the at least one component of the downhole pumping system and 

to measure axial movement of the at least one component of the downhole pumping system based 

on variations in a magnet field detected by the magnetometer” as recited in claim 1, or “an axial 

motion sensor subsystem comprising a magnetometer to measure axial movement of at least one 

component of the downhole pumping system and to determine a change in axial direction of the 

at least one component of the downhole pumping system,” as recited in claim 16. 

 Phillips teaches a sensing device that includes a mangnetometer and that “[t]he 

magnetometer is effectively a compass that identifies a radial orientation of the sensor relative 

to a fixed external location such as true north.” Phillips, ¶ [0022] (emphasis added). Phillips does 

not appear to teach or suggest, however, that the magnetometer is used to “measure axial 

movement” as recited in claims 1 and 16, or to “determine a change in axial direction” as 

recited in claim 16. 

 Hurst appears to be relied upon for teachings with regard to a tubing rotator. Office 

Action, page 8. Hurst, however, does not appear to teach or suggest a magnetometer is used to 

“measure axial movement” as recited in claims 1 and 16, or to “determine a change in axial 

direction” as recited in claim 16. 

 

Thus, claims 1 and 16, and claims 8, 9, 17, and 18 depending therefrom, are believed to 

be in condition for allowance.     

 

Claims 12, 19, and 20 are rejected under 35 U.S.C. 103 as being unpatentable over 

Phillips  in view of Fyfe et al. (US 11319794B2) (hereinafter “Fyfe”).  
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Claim 12 

 Applicant respectfully asserts that claim 12 is allowable at least because Fyfe does not cure 

the deficiencies of Phillips with regard to claim 2, from which claim 12 depends. 

 Additionally, claim 12 could not have been obvious to a person of ordinary skill in the art 

at the time the invention was made considering Phillips in view of Fyfe at least because Phillips 

and Fyfe, alone or in combination, do not teach or suggest each and every element as recited in 

claim 12, as currently amended.   

 For example, Phillips and Fyfe, alone or in combination, do not teach or suggest “a 

vibration sensor subsystem for monitoring vibration of the at least one component of the downhole 

pumping system in three axes over a vibrational baseline,” as recited in claim 12. 

 As recognized in the Office Action, Phillips fails to teach a vibration sensor subsystem. 

Office Action, page 11. 

 Fyfe teaches “a polished-rod dynamometer has at least one accelerometer adapted to 

measure acceleration and vibration of the polished rod.” Fyfe, col. 2, ll. 13-15. Fyfe does not appear 

to teach or suggest, however, “a vibration sensor subsystem for monitoring vibration of the at least 

one component of the downhole pumping system in three axes over a vibrational baseline,” as 

recited in claim 12. 

 Thus, claim 12 is believed to be in condition for allowance.     

 

Claims 19 and 20 

 Applicant respectfully asserts that claims 19 and 20 could not have been obvious to a 

person of ordinary skill in the art at the time the invention was made considering Phillips in view 

of Fyfe at least because Phillips and Fyfe, alone or in combination, do not teach or suggest each 

and every element as recited in independent claim 19, as currently amended.   

 For example, Phillips and Fyfe, alone or in combination, do not teach or suggest 

“determining a change in axial direction of at least one component of the downhole pumping 

system based on magnetic variations” as recited in claim 19. 

 Phillips teaches a sensing device that includes a magnetometer and that “[t]he 

magnetometer is effectively a compass that identifies a radial orientation of the sensor relative 

to a fixed external location such as true north.” Phillips, ¶ [0022] (emphasis added). Phillips does 
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not appear to teach or suggest, however, “determining a change in axial direction of at least one 

component of the downhole pumping system based on magnetic variations” as recited in 

claim 19. 

 Fyfe teaches “a polished-rod dynamometer has at least one accelerometer adapted to 

measure acceleration and vibration of the polished rod.” Fyfe, col. 2, ll. 13-15. Fyfe does not 

appear to teach or suggest, however, “determining a change in axial direction of at least one 

component of the downhole pumping system based on magnetic variations” as recited in 

claim 19. 

 Thus, claim 19, and claim 20 depending therefrom, are believed to be in condition for 

allowance.     
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Conclusion 

In view of the foregoing, Applicant believes all claims now pending in this application 

are in condition for allowance.  The issuance of a formal Notice of Allowance at an early date is 

respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of this 

application, please contact the undersigned at (801) 870-4092. 

 

Respectfully submitted, 

 

/Terry S. Jones/ 

 

Terry S. Jones 

Registration No. 62,039 

Attorney for Applicant 

BKRIP 

1240B E Stringham Ave # 1027 

Salt Lake City, Utah  84106 

Telephone:  801-870-4092 

 

Date:  September 17, 2024 
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RCE AMENDMENT 

 

TO THE COMMISSIONER FOR PATENTS: 

In response to the Final Office Action mailed February 4, 2025, please amend the 

above-identified patent application as follows.   

Amendments to the claims are reflected in the Listing of Claims beginning on page 2 of 

this paper. 

Remarks follow the Amendments sections of this paper. 
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IN THE CLAIMS: 

All of the pending claims are presented below.  This listing of claims will replace all 

prior versions and listings of claims in the application.  Please enter these claims as amended. 

 

Listing of the Claims: 

 

1. (Currently Amended)  A sensor system for a downhole pumping system, 

comprising: 

a sensor subsystem for detecting movement of at least one component of the downhole pumping 

system, the sensor subsystem comprising: 

an axial motion sensor subsystem comprising a magnetometer, the magnetometer to be 

coupled to the at least one component of the downhole pumping system and to 

measure axial movement of the at least one component of the downhole pumping 

system based on variations in a magnet field detected by the magnetometer 

generated by movement of the at least one component of the downhole pumping 

system; 

a rotation sensor subsystem comprising a gyroscope, the gyroscope to be coupled to the 

at least one component of the downhole pumping system and to detect rotational 

movement of the at least one component of the downhole pumping system by 

detecting rotational velocity values with the gyroscope generated by rotation of 

the at least one component of the downhole pumping system; and 

a vibration sensor subsystem for monitoring vibration of the at least one component of 

the downhole pumping system in three axes; and 

a processor subsystem to receive data from the axial motion sensor subsystem and the rotation 

sensor subsystem, the processor subsystem to: 

measuredetect axial movement of the at least one component of the downhole pumping 

system with the magnetometer of the axial motion sensor subsystem, the detecting 

axial movement comprising: 

sensing a direction change in the at least one component of the downhole 

pumping system to determine when a stroke of the at least one component 
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of the downhole pumping system has been completed and to determine 

that a new stroke is beginning; and 

after the direction change in the at least one component of the downhole pumping system 

has been detected, begin to determine rotation determine rotational velocityof the 

at least one component of the downhole pumping system with the rotation sensor 

subsystem by sampling rotational velocityvalues generated by the rotation of the 

at least one component of the downhole pumping system, withonlythe 

gyroscopethe determining the rotational values of the at least one component of 

the downhole pumping system comprising: 

continuing sampling the rotational values through a second direction change of 

the at least one component of the downhole pumping system; and 

ceasing sampling the rotational values at a third direction change of the at least 

one component of the downhole pumping system.   

 

2.  (Original)  The sensor system of claim 1, wherein the sensor subsystem is 

configured to detect movement of the at least one component of the downhole pumping system 

comprising at least one rod of the downhole pumping system extending from a surface location 

into a wellbore. 

 

3.  (Currently Amended)  The sensor system of claim 2, wherein the processor 

subsystem is configured to verify the axial movement and the direction change of the at least one 

rod before determining the rotation. 

 

4.  (Currently Amended)  The sensor system of claim 2, wherein the processor 

subsystem is configured to determinea change indirection the direction change of the at least one 

rod to indicate that a previous stoke has been completed and that a new stroke is beginning. 

 

5.  (Currently Amended)  The sensor system of claim 4, wherein the processor 

subsystem is configured to begin sampling the rotational values comprising rotational velocity 

after determining the direction change of the change in directionthe at least one rod. 
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6.  (Currently Amended)  The sensor system of claim5claim 1, wherein the 

processor subsystem is configured receive the rotational values from only a gyroscopeto continue 

sampling the rotational velocity untilanother change in directionthe at least one rod is detected. 

 

7.  (Currently Amended)  The sensor system of claim 5claim 1, wherein the 

processor subsystem is configured to compare the sampled rotational values with previously 

sampled rotational values detected by the rotation sensor subsystem during a previous stroke of 

the downhole pumping system to determine if rotation of the at least one component of the 

downhole pumping system has occurredcontinue sampling the rotational velocity along 

substantially an entire stroke of the at least one rod, the sampling beginning at a first change of 

direction of the at least one rod, continuing through a second change of direction of the at least 

one rod, and ceasing at a third change of direction of the at least one rod. 

 

8.  (Original)  The sensor system of claim 1, wherein the sensor subsystem is 

configured to detect movement of the at least one component of the downhole pumping system 

comprising a tubing rotator of the downhole pumping system. 

 

9.  (Original)  The sensor system of claim 8, wherein the sensor subsystem is 

configured to detect rotation of the tubing rotator while detecting axial movement of a polished 

of the downhole pumping system. 

 

10.  (Currently Amended)  The sensor system of claim 1, wherein the processor 

subsystem is configured to determine the rotational velocityrotational values of the at least one 

component of the downhole pumping system by summing both positive and negative samples of 

the rotational velocityvalues sensed by the rotation sensor subsystem. 

 

11.  (Currently Amended)  The sensor system of claim 10, wherein the processor 

subsystem is configured to compare the determined rotational velocityrotational values of the at 

least one component of the downhole pumping system with an expected amount of rotational 
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velocityrotational values to determine a failure in the rotation of the at least one component of 

the downhole pumping system. 

 

12.  (Previously Presented)  The sensor system of claim 1, further comprising a 

vibration sensor subsystem for monitoring vibration of the at least one component of the 

downhole pumping system in three axes over a vibrational baseline. 

 

13.  (Currently Amended)  A sensor system for a downhole pumping system, 

comprising: 

a sensor subsystem for detecting movement of at least one component of the downhole pumping 

system, the sensor subsystem comprising: 

an axial motion sensor subsystem comprising an axial motion sensor, the axial motion 

sensor to be coupled to the at least one component of the downhole pumping 

system and to measure axial movement of the at least one component of the 

downhole pumping system based on variations detected by the axial motion 

sensor generated by movement of the at least one component of the downhole 

pumping system; and  

a rotation sensor subsystem comprising a rotational sensor, the rotational sensor to be 

coupled to the at least one component of the downhole pumping system and to 

detect rotational movement of the at least one component of the downhole 

pumping system by sampling rotational velocityvalues with the rotational sensor 

generated by rotation of the at least one component of the downhole pumping 

system; and 

a vibration sensor subsystem for monitoring vibration of theat least one component of the 

downhole pumping system in three axes; and 

a processor subsystem to receive data from the axial motion sensor subsystem and the rotation 

sensor subsystem, the processor subsystem to: 

derive a vibrational baseline of the at least one component of the downhole pumping 

system from the vibration sensor subsystem in three axes during normal 

operation; 
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verify the axial movement of the at least one component of the downhole pumping 

system with the axial motion sensor subsystem; [[and]]  

when the axial movement has been verified, determinerotational velocityof the at least 

one component of the downhole pumping system withdetecting the rotational 

velocityvaluesdetected by with the rotation sensor subsystem during a current 

stroke of the downhole pumping system; and 

comparing the rotational values with previously sensed rotational values detected by the 

rotation sensor subsystem during a previous stroke of the downhole pumping 

system to determine if rotation of the at least one component of the downhole 

pumping system has occurred.   

 

14. (Original)  The sensor system of claim 13, wherein the axial motion sensor 

subsystem comprises a magnetometer and the rotation sensor subsystem comprises a gyroscope.   

 

15. (Currently Amended)  The sensor system of claim 14, wherein the sensor 

subsystem is configured to detect movement of the at least one component of the downhole 

pumping system comprising at least one rod of the downhole pumping system extending from a 

surface location into a wellbore, and wherein the processor subsystem is configured to continue 

sampling the rotational velocityvalues of the at least one rod over a stroke of the at least one rod. 

 

16. (Currently Amended)  A sensor system for a downhole pumping system, 

comprising: 

an axial motion sensor subsystem comprising a magnetometer to measure axial movement of at 

least one component of the downhole pumping system and to determine a change in axial 

direction of the at least one component of the downhole pumping system; 

a sensor subsystem for detecting movement of a tubing rotator of the downhole pumping system, 

the sensor subsystem comprising a rotation sensor subsystem comprising a rotational 

sensor, the rotational sensor to be coupled to the tubing rotator of the downhole pumping 

system and to detect rotational movement of the tubing rotator of the downhole pumping 
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system by sampling rotational velocityvalues with the rotational sensor generated by 

rotation of the tubing rotator of the downhole pumping system; and 

a processor subsystem to receive data from the rotation sensor subsystem, the processor 

subsystem to determinerotational velocity rotation of the tubing rotator of the downhole 

pumping system with the rotational velocityvalues detected by the rotation sensor 

subsystem, the processor subsystem configured to: 

detect the axial movement of the at least one component of the downhole pumping 

system with the axial motion sensor subsystem;  

when the axial movement of the at least one component is detected, begin detecting the 

rotational movement of the tubing rotator of the downhole pumping system with 

the rotational sensor;  

continue detecting the rotational movement of the tubing rotator of the downhole 

pumping system through a second direction change of the at least one component 

of the downhole pumping system; and 

cease detecting the rotational movement of the tubing rotator of the downhole pumping 

system after a third direction change of the at least one component of the 

downhole pumping system.   

 

17. (Original)  The sensor system of claim 16, wherein the rotation sensor subsystem 

comprises at least one of a gyroscope or an accelerometer. 

 

18. (Original)  The sensor system of claim 16, wherein the rotation sensor subsystem 

is configured to monitor the rotation of the tubing rotator along a path that extends in a direction 

substantially perpendicular to a surface upon which the downhole pumping system is positioned. 

 

19.  (Currently Amended)  A method of detecting motion of at least one component 

of a downhole pumping system, the method comprising: 

determining a first change in axial direction of at least one component of the downhole pumping 

system based on magnetic variations detected by an axial motion sensor coupled to the at 
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least one component of the downhole pumping system generated by translation of the at 

least one component of the downhole pumping system;  

when detecting no change in the axial direction, ceasing any sensing of rotation movement;  

when verifying the first change in the axial direction:  

begin detecting rotational movement of the at least one component of the downhole 

pumping system with a rotational sensor generated by rotation of the at least one 

component of the downhole pumping system;  

continuing detecting the rotational movement of the at least one component of the 

downhole pumping system through a second direction change of the at least one 

component of the downhole pumping system; and 

ceasing detecting the rotational movement of the at least one component of the downhole 

pumping system after a third direction change of the at least one component of the 

downhole pumping systemand 

verifyingaxial movement of the at least one component of the downhole pumping system with 

the axial motion sensorbefore thedetectingof therotational movement of the at least one 

component of the downhole pumping system withtherotational sensor. 

 

20. (Original)  The method of claim 19, further comprising comparing a rotational 

velocity detected with the rotational sensor with a threshold value to determine a performance 

characteristic of the at least one component of the downhole pumping system.    
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REMARKS 

Status of the Claims 

This amendment is filed in response to the Final Office Action mailed February 4, 2025. 

Claims 1 through 20 are pending and stand rejected.   

Claims 1, 3 through 7, 10, 11, 13, 15, 16, and 19 are amended.   

Support for the amendments in the claims as-filed and paragraphs [0043], [0044], [0052] 

of the application as filed.   

No new matter is added.  

For at least the reasons presented below, Applicant respectfully submits that each of the 

pending claims is in condition for allowance. 

 

35 U.S.C. § 102 

Claims 1 through 7, 19, and 20 are rejected under 35 U.S.C. 102(a)(1) as being 

anticipated by Phillips (US 20190203579A1) (hereinafter “Phillips”). 

 

Claims 1 through 7 

 Applicant respectfully asserts that claims 1 through 7 are not anticipated by Phillips 

under 35 U.S.C. § 102(a)(1) at least because Phillips does not describe each and every element of 

independent claim 1, as currently amended.   

 In particular, Phillips does not describe the sensor system of amended claim 13 including 

a processor subsystem to: 

detect axial movement of the at least one component of the downhole pumping system 

with the magnetometer of the axial motion sensor subsystem, the detecting axial 

movement comprising: 

sensing a direction change in the at least one component of the downhole 

pumping system to determine when a stroke of the at least one 

component of the downhole pumping system has been completed and to 

determine that a new stroke is beginning; and 

after the direction change in the at least one component of the downhole pumping 

system has been detected, begin to determine rotation of the at least one 

component of the downhole pumping system with the rotation sensor subsystem 

by sampling rotational values generated by the rotation of the at least one 

component of the downhole pumping system, the determining the rotational 
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values of the at least one component of the downhole pumping system 

comprising: 

continuing sampling the rotational values through a second direction change of 

the at least one component of the downhole pumping system; and 

ceasing sampling the rotational values at a third direction change of the at least 

one component of the downhole pumping system. 

 

 The Final Office Action points to various generic statements in Phillips references stokes 

and potential differences in sensing rotation and/or axial movement.   

 However, there is no disclosure in Phillips of the particular chain of sensing events, 

including explicitly reciting the conditions for the starting and stopping events of the rotational 

sensing, as detailed in amended claim 1.   

 First, there is no disclosure in Phillips that rotation sensing only occurs once a direction 

change is sensed, indicating that a new stroke is beginning.   

 Second, there is no disclosure in Phillips that the sensing then continues during a second 

change in direction.  

 Finally, there is no disclosure in Phillips of then ceasing the sensing once a third change 

in direction is detected. 

 There appears to be no particulars in Phillips relating to other actions taking during only 

single stroke besides looking to the data from a single stroke.    

Thus, claims 1, and claims 2 through 7 depending therefrom, are believed to be in 

condition for allowance.     

 

Claims 19 and 20 

 Applicant respectfully asserts that claims 19 and 20 are not anticipated by Phillips under 

35 U.S.C. § 102(a)(1) at least because Phillips does not describe each and every element of 

independent claim 19, as currently amended.   

 In particular, Phillips does not describe the method of amended claim 19 including: 

when detecting no change in the axial direction, ceasing any sensing of rotation 

movement;  

when verifying the first change in the axial direction:  
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begin detecting rotational movement of the at least one component of the 

downhole pumping system with a rotational sensor generated by rotation 

of the at least one component of the downhole pumping system;  

continuing detecting the rotational movement of the at least one component of 

the downhole pumping system through a second direction change of the 

at least one component of the downhole pumping system; and 

ceasing detecting the rotational movement of the at least one component of the 

downhole pumping system after a third direction change of the at least 

one component of the downhole pumping system. 

. 

 As above, there is no disclosure in Phillips of the particular chain of sensing events, 

including explicitly reciting the conditions for the starting and stopping events of the rotational 

sensing, as detailed in amended claim 19.   

 Thus, claim 19, and claim 20 depending therefrom, are believed to be in condition for 

allowance.     

 

35 U.S.C. § 103 

Claims 10 and 11 are rejected under 35 U.S.C. 103 as being unpatentable over Phillips. 

 Claims 10 and 11 depend from claim 1 and are allowable for at least some of the reasons 

discussed above.   

 

Claims 8, 9, and 16 through 18 are rejected under 35 U.S.C. 103 as being unpatentable 

over Phillips in view of Hurst et al. (US9140113B2) (hereinafter “Hurst”). 

 

Claims 8 and 9 

 Claims 8 and 9 depend from claim 1 and are allowable for at least some of the reasons 

discussed above.  Hurst does not remedy the deficiencies of Phillips noted above.      

 

Claims 16 through 18 

 Applicant respectfully asserts that claims 16 through 18 would not have been obvious in 

view of Phillips and Hurst at least because Phillips and Hurst do not teach or suggest describe 

each and every element of independent claim 18, as currently amended.   
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 In particular, Phillips and Hurst do not disclose the sensor system of amended claim 16 

including a processor subsystem to: 

detect the axial movement of the at least one component of the downhole pumping 

system with the axial motion sensor subsystem;  

when the axial movement of the at least one component is detected, begin detecting the 

rotational movement of the tubing rotator of the downhole pumping system with 

the rotational sensor;  

continue detecting the rotational movement of the tubing rotator of the downhole 

pumping system through a second direction change of the at least one component 

of the downhole pumping system; and 

cease detecting the rotational movement of the tubing rotator of the downhole pumping 

system after a third direction change of the at least one component of the 

downhole pumping system. 

 

 As above, there is no disclosure in Phillips of the particular chain of sensing events, 

including explicitly reciting the conditions for the starting event of the rotational sensing, as 

detailed in amended claim 16.  

 Hurst does not remedy the deficiencies of Phillips noted above.    

 Thus, claim 16, and claims 17 and 18 depending therefrom, are believed to be in 

condition for allowance.    

 

Claims 12 through 15 are rejected under 35 U.S.C. 103 as being unpatentable over 

Phillips in view of Puwanto (US 20200362686A1) (hereinafter “Puwanto”). 

 

Claim 12 

 Claim 12 depends from claim 1 and is allowable for at least some of the reasons 

discussed above.  Puwanto does not remedy the deficiencies of Phillips noted above.      

 

Claims 13 through 15 

 Applicant respectfully asserts that claims 13 through 15 would not have been obvious in 

view of Phillips and Puwanto at least because Phillips and Puwanto do not teach or suggest 

describe each and every element of independent claim 13, as currently amended.   
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 In particular, Phillips and Puwanto do not disclose the sensor system of amended claim 

13 including a processor subsystem to: 

verify the axial movement of the at least one component of the downhole pumping 

system with the axial motion sensor subsystem;  

when the axial movement has been verified, detecting the rotational values with the 

rotation sensor subsystem during a current stroke of the downhole pumping 

system; and 

comparing the rotational values with previously sensed rotational values detected 

by the rotation sensor subsystem during a previous stroke of the 

downhole pumping system to determine if rotation of the at least one 

component of the downhole pumping system has occurred. 

 

 As above, there is no disclosure in Phillips of the particular chain of sensing events, 

including explicitly reciting the conditions for the starting event of the rotational sensing, as 

detailed in amended claim 13.  

  Further, while Phillips discussed some comparison of values, Phillips does not disclose 

using the value detected during a previous stroke to determine if rotation of the at least one 

component of the downhole pumping system has occurred.  

 Puwanto is cited for a vibration sensor and does not remedy the deficiencies of Phillips 

noted above.   

 Thus, claim 13, and claims 14 and 15 depending therefrom, are believed to be in 

condition for allowance.     
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Conclusion 

In view of the foregoing, Applicant believes all claims now pending in this application 

are in condition for allowance.  The issuance of a formal Notice of Allowance at an early date is 

respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of this 

application, please contact the undersigned at (801) 554-8311. 

 

Respectfully submitted, 

 

/Gregory C. Baker/ 

 

Gregory C. Baker 

Registration No. 61,335 

Attorney for Applicant 

BKRIP LLC  
1240B E Stringham Ave #1027  

Salt Lake City, Utah 84106 

Telephone: 801-554-8311 

 

Date:  May 5, 2025 
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DEVICES, SYSTEMS, AND METHODS FOR

DETECTING THE ROTATION OF ONE OR

MORE COMPONENTS FOR USE WITH A

WELLBORE

TECHNICAL FIELD

The present disclosure relates to the detection of rotation

of one or more components used in the production of fluid

from a wellbore. More specifically, the present disclosure

relates to the production of fluids from a wellbore using

artificial lift and detecting the mechanical rotation of com-

ponents during operation of a surface pumping unit and

related assemblies, apparatuses, systems, and methods.

BACKGROUND

In a wellbore for the production of hydrocarbon fluids, a

string of production tubing is run into the casing. The

production tubing serves as a conduit for carrying produc-

tion fluids to the surface. A packer is optionally set at a lower

end of the production tubing to seal an annular area formed

between the tubing and the surrounding strings of casing. In

order to carry the hydrocarbon fluids to the surface, a pump
may be placed at a lower end of the production tubing in
order to produce the fluids through artificial lift. In some
cases, oil wells undergoing artificial lift use a reciprocating
plunger-type of pump. The pump has one or more valves that
capture fluid on a downstroke, and then lift the fluid up on
the upstroke through positive displacement.

Mechanically actuated downhole pumps generally build
pressure to lift fluid to the surface. Reciprocal movement of
the pump is induced by cycling a rod-string hung within the
production tubing. The rod-string comprises a series of long,
thin joints of steel bar that are threadedly connected through
couplings. The rod-string is pivotally attached to a pumping
unit at the surface. In response to movement of the pumping
unit, the rod-string moves up and down within the produc-
tion tubing to incrementally lift production fluids from a
subsurface formation up to the surface.

The production of hydrocarbon fluids using a sucker rod
pump creates friction and wear as the rods reciprocate up
and down within the production tubing. Wellbore deviations
and other factors may impart a side-load on the rod-string,
resulting in friction and wear at deviation points. To mitigate
this wear, it is desirable to rotate the rods during pumping to
more evenly distribute wear along the circumference of the
rods. This is accomplished by using a slow-moving gear,
actuated through a ratchet mechanism by the stroking
motion of the pumping unit.

Because the rotation is relatively very slow, it is difficult
for the operator to visually observe rotation at the wellhead.
For this reason, a failed rotation mechanism can go unde-
tected for an extended period of time, sometimes weeks. A
failed or otherwise ineffective rod rotator can result in
premature failure due to uneven downhole rod or tubing
wear. Further, adverse downhole conditions can prevent the
rotational motion of the rotator from transferring torque to
the rod string. Examples of such conditions include the
presence of heavy crude, paraffin, or down-hole friction
which may impede the fall of the rod string. This condition
is known as rod float and can cause the polished rod clamp
to briefly lift off the rod rotator table, losing the frictional
contact and associated torque imparted on the rods. Addi-
tionally, dynamic conditions such as pump impact or fluid
pound can cause the rotator and polished rod to briefly

separate and lose the imparted torque. These conditions are

virtually impossible to identify from a brief, onsite obser-

vation as they are transient.

SUMMARY

Embodiments of the instant disclosure may be directed to
a sensor system for a downhole pumping system. The sensor
system including a sensor subsystem for detecting move-
ment of at least one component of the downhole pumping
system. The sensor subsystem including: an axial motion
sensor subsystem including a magnetometer, the magnetom-
eter to be coupled to the at least one component of the
downhole pumping system and to detect axial movement of
the at least one component of the downhole pumping system
based on variations in a magnet field detected by the
magnetometer generated by movement of the at least one
component of the downhole pumping system; and a rotation
sensor subsystem including a gyroscope, the gyroscope to be
coupled to the at least one component of the downhole
pumping system and to detect rotational movement of the at
least one component of the downhole pumping system by
detecting rotational velocity values with the gyroscope gen-
erated by rotation of the at least one component of the
downhole pumping system. The sensor system further
including a processor subsystem to receive data from the
axial motion sensor subsystem and the rotation sensor
subsystem, the processor subsystem to: determine axial
movement of the at least one component of the downhole
pumping system with the axial motion sensor subsystem;
and determine rotational velocity of the at least one com-
ponent of the downhole pumping system with the rotation
sensor subsystem by sampling rotational velocity values
generated by the rotation of the at least one component of the
downhole pumping system with the gyroscope.

In some aspects, embodiments described herein relate to
a sensor system for a downhole pumping system. The sensor
system including: a sensor subsystem for detecting move-
ment of at least one component of the downhole pumping
system, the sensor subsystem including: an axial motion
sensor subsystem including an axial motion sensor, the axial
motion sensor to be coupled to the at least one component
of the downhole pumping system and to detect axial move-
ment of the at least one component of the downhole pump-
ing system based on variations detected by the axial motion
sensor generated by movement of the at least one component
of the downhole pumping system; and a rotation sensor
subsystem including a rotational sensor, the rotational sensor
to be coupled to the at least one component of the downhole
pumping system and to detect rotational movement of the at
least one component of the downhole pumping system by
sampling rotational velocity values with the rotational sen-
sor generated by rotation of the at least one component of the
downhole pumping system. The sensor system further
including a processor subsystem to receive data from the
axial motion sensor subsystem and the rotation sensor
subsystem, the processor subsystem to: verify the axial
movement of the at least one component of the downhole
pumping system with the axial motion sensor subsystem;
and when the axial movement has been verified, determine
rotational velocity of the at least one component of the
downhole pumping system with the rotational velocity val-
ues detected by the rotation sensor subsystem.

In some aspects, embodiments described herein relate to
a sensor system for a downhole pumping system, The sensor
system including: a sensor subsystem for detecting move-
ment of a tubing rotator of the downhole pumping system,
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the sensor subsystem including a rotation sensor subsystem

including a rotational sensor, the rotational sensor to be

coupled to the tubing rotator of the downhole pumping

system and to detect rotational movement of the tubing

rotator of the downhole pumping system by sampling rota-
tional velocity values with the rotational sensor generated by
rotation of the tubing rotator of the downhole pumping
system. The sensor system further including a processor
subsystem to receive data from the rotation sensor subsys-
tem, the processor subsystem to determine rotational veloc-
ity of the tubing rotator of the downhole pumping system
with the rotational velocity values detected by the rotation
sensor subsystem.

In some aspects, embodiments described herein relate to
a method of detecting motion of at least one component of
a downhole pumping system. The method including: detect-
ing axial movement of at least one component of the
downhole pumping system based on variations detected by
an axial motion sensor coupled to the at least one component
of the downhole pumping system generated by translation of
the at least one component of the downhole pumping
system; detecting rotational movement of the at least one
component of the downhole pumping system with a rota-
tional sensor generated by rotation of the at least one
component of the downhole pumping system; and verifying
axial movement of the at least one component of the
downhole pumping system with the axial motion sensor
before the detecting of the rotational movement of the at
least one component of the downhole pumping system with
the rotational sensor.

Features from any of the above-mentioned embodiments
may be used in combination with one another in accordance
with the general principles described herein. These and other
embodiments, features, and advantages will be more fully
understood upon reading the following detailed description
in conjunction with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate a number of exem-
plary embodiments and are a part of the specification.
Together with the following description, these drawings
demonstrate and explain various principles of the instant
disclosure.

FIG. 1 is an elevational view of a pumping system
according to embodiments of the disclosure.

FIG. 2 illustrates a simplified representation of a sensor
system for use in a pumping system to perform a plurality of
functions in accordance with embodiments of the present
disclosure.

FIG. 3 illustrates a flow chart of a method of detecting
motion of at least one component of the downhole pumping
system in accordance with embodiments of the present
disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof, and
in which are shown, by way of illustration, specific example
embodiments in which the present disclosure may be prac-
ticed. These embodiments are described in sufficient detail
to enable a person of ordinary skill in the art to practice the
present disclosure. However, other embodiments may be
utilized, and structural, material, and process changes may
be made without departing from the scope of the disclosure.
The illustrations presented herein are not meant to be actual

views of any particular method, system, device, or structure,
but are merely idealized representations that are employed to
describe the embodiments of the present disclosure. The
drawings presented herein are not necessarily drawn to
scale. Similar structures or components in the various draw-
ings may retain the same or similar numbering for the
convenience of the reader; however, the similarity in num-
bering does not mean that the structures or components are
necessarily identical in size, composition, configuration, or
any other property.

It will be readily understood that the components of the
embodiments as generally described herein and illustrated in
the drawings could be arranged and designed in a wide
variety of different configurations. Thus, the following
description of various embodiments is not intended to limit
the scope of the present disclosure, but is merely represen-
tative of various embodiments. While the various aspects of
the embodiments may be presented in drawings, the draw-
ings are not necessarily drawn to scale unless specifically
indicated.

Furthermore, specific implementations shown and
described are only examples and should not be construed as
the only way to implement the present disclosure unless
specified otherwise herein. Elements, circuits, and functions
may be shown in block diagram form in order not to obscure
the present disclosure in unnecessary detail. Conversely,
specific implementations shown and described are exem-
plary only and should not be construed as the only way to
implement the present disclosure unless specified otherwise
herein. Additionally, block definitions and partitioning of
logic between various blocks is exemplary of a specific
implementation. It will be readily apparent to one of ordi-
nary skill in the art that the present disclosure may be
practiced by numerous other partitioning solutions. For the
most part, details concerning timing considerations and the
like have been omitted where such details are not necessary
to obtain a complete understanding of the present disclosure
and are within the abilities of persons of ordinary skill in the
relevant art.

Those of ordinary skill in the art would understand that
information and signals may be represented using any of a
variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, sensors, and chips that may be refer-
enced throughout this description may be represented by
voltages, currents, electromagnetic waves, magnetic fields
or particles, optical fields or particles, or any combination
thereof. Some drawings may illustrate signals as a single
signal for clarity of presentation and description. It will be
understood by a person of ordinary skill in the art that the
signal may represent a bus of signals, wherein the bus may
have a variety of bit widths and the present disclosure may
be implemented on any number of data signals including a
single data signal.

The various illustrative logical blocks, modules, and
circuits described in connection with the embodiments dis-
closed herein may be implemented or performed with a
general purpose processor, a special purpose processor, a
Digital Signal Processor (DSP), an Application Specific
Integrated Circuit (ASIC), a Field Programmable Gate Array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but in the alternative, the processor may be any con-
ventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a com-
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bination of computing devices, such as a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP
core, or any other such configuration. A general-purpose
computer including a processor is considered a special-
purpose computer while the general-purpose computer is
configured to execute computing instructions (e.g., software
code) related to embodiments of the present disclosure.

Also, it is noted that the embodiments may be described
in terms of a process that is depicted as a flowchart, a flow
diagram, a structure diagram, or a block diagram. Although
a flowchart may describe operational acts as a sequential
process, many of these acts can be performed in another
sequence, in parallel, or substantially concurrently. In addi-
tion, the order of the acts may be rearranged. A process may
correspond to a method, a thread, a function, a procedure, a
subroutine, a subprogram, etc. Furthermore, the methods
disclosed herein may be implemented in hardware, software,
or both. If implemented in software, the functions may be
stored or transmitted as one or more instructions or code on
computer-readable media. Computer-readable media
includes both computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another.

Several aspects of the embodiments disclosed herein may
be implemented as software modules or components. As
used herein, a software module or component may include
any type of computer instruction or computer-executable
code located within a memory device that is operable in
conjunction with appropriate hardware to implement the
programmed instructions. A software module or component
may, for instance, comprise one or more physical or logical
blocks of computer instructions, which may be organized as
a routine, program, object, component, data structure, etc.,
that performs one or more tasks or implements particular
abstract data types.

In certain embodiments, a particular software module or
component may comprise disparate instructions stored in
different locations of a memory device, which together
implement the described functionality of the module.
Indeed, a module or component may comprise a single
instruction or many instructions, and may be distributed
over several different code segments, among different pro-
grams, and across several memory devices. Some embodi-
ments may be practiced in a distributed computing environ-
ment where tasks are performed by a remote processing
device linked through a communications network. In a
distributed computing environment, software modules or
components may be located in local and/or remote memory
storage devices. In addition, data being tied or rendered
together in a database record may be resident in the same
memory device, or across several memory devices, and may
be linked together in fields of a record in a database across
a network.

Embodiments may be provided as a computer program
product including a non-transitory machine-readable
medium having stored thereon instructions that may be used
to program a computer or other electronic device to perform
processes described herein. The non-transitory machine-
readable medium may include, but is not limited to, hard
drives, floppy diskettes, optical disks, CD-ROMs, DVD-
ROMs, ROMs, RAMs, EPROMs, EEPROMs, magnetic or
optical cards, solid-state memory devices, or other types of
media/machine-readable media suitable for storing elec-
tronic instructions.

As used herein, relational terms, such as “first,” “second,”
“top,” “bottom,” etc., are generally used for clarity and

convenience in understanding the disclosure and accompa-
nying drawings and do not connote or depend on any
specific preference, orientation, or order, except where the
context clearly indicates otherwise.

As used herein, the term “and/or” means and includes any
and all combinations of one or more of the associated listed
items.

As used herein, the terms “vertical,” “lateral,” and
“radial” refer to the orientations as depicted in the figures.

Embodiments of the disclosure may include systems
including one or more remote wireless sensors (e.g., an array
of sensors) that are implemented near a wellhead involved in
the production of fluid (e.g., hydrocarbon) from a wellbore.
Such sensors may provide enhancements in detecting and
preventing failures during the production of the fluid. For
example, a rod rotator sensor may be used to detect when the
rod rotator is not functioning properly. Rod rotators that fail
to operate lead to premature failures of rods and tubing. A
wireless sensor may be installed on the rod string above the
rod clamp and/or below a carrier bar. The sensor may
include a rotational sensor (e.g., a gyroscope) to measure
rotational velocity and a magnetometer to measure axial
movement in order to provide detection of proper rotation of
the rods. This detected data may be reported back through
the point of connection at the wellhead and displayed in
associated local or remote software for use and reference for
an operator.

In some embodiments, the sensors may be used to detect
rod string vibration. Such vibration detection may be used to
detect fluid pound/tagging, high friction, and/or other rod
motion anomalies. By tracking accurate rod position, along
with the addition of a force sensor, such as a load cell, may
provide a full load/position sensor. During operation, the
rods generally exhibit vibrational motion as the rods slide up
and down within the tubing. This vibration is amplified by
excessive friction, obstruction, plunger hitting fluid on the
downstroke, and/or other potential failures in the pumping
system. By establishing a vibrational baseline during the
stroke of a unit under normal circumstances, deviation from
this baseline may be monitored and reported to prompt
investigation into the cause of this deviation from baseline.
The vibrational baseline may be derived from the sensor
(e.g., an accelerometer) in three axes during the stroke of the
pumping unit. A configurable limit may be established to
alert the operator when the current vibrations exceed this
limit.

In some embodiments, sensors (e.g., accelerometer and/or
vibration sensor) may be used with other components of the
pumping unit system to facilitate early detection of equip-
ment failure, such as, for example, beams, gearboxes, and/or
other components.

For example, the sensors may be implemented with a
tubing rotator, which serves to reduce wear in the tubing,
similar to how a rod rotator reduces wear in the rods. Tubing
rotators are mechanical devices that are prone to failure
where a sensor may report back the proper functioning of the
rotator. In some embodiments, the tubing rotator sensor may
use similar or the same components as the rod rotator sensor.
However, as the orientation of the rotating shaft is horizontal
(e.g., substantially parallel to the surface of the Earth on
which the pumping system is positioned), the gyro axis may
be aligned to a different plane. In some embodiments, the
tubing rotator sensor may use an accelerometer to measure
the tilt of the sensor as it rotates about the horizontal axis.

The present disclosure relates, in some embodiments, to
gear rod systems used in a reciprocating sucker rod pumping
systems (e.g., pumping system 100) that transport oil from
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oil wells. Such sucker rod pumping systems 100 may
function on the positive displacement principle used by
cylinder and piston pumps. FIG. 1 illustrates the basic
components of a sucker rod pumping system 100. As shown
in FIG. 1, the basic sucker rod pumping system 100 com-
ponents include a motor base 105, a gearbox 110, a walking
beam 115, a horsehead 120, a wellhead 125, a flowline 130,
a polished rod 135, a casing 140, a tubing 145, a rod string
150, a plunger 155, cable 165, Samson beam 170, and a
barrel 160.

The motor base 105 provides the driving power to the
system 100 and can be an electric motor or a gas engine. The
gearbox 110 reduces the high rotational speed of the motor
base 105 into the reciprocating motion required to operate
the downhole pump. The main element of the gearbox 110,
the walking beam 115, functions as a mechanical lever that
adjusts the position of the horsehead 120 that is connected
to the polished rod 135. The Samson beam 170 serves as a
vertical stabilizing leg to hold up the horsehead 120 and the
walking beam 115. The Samson beam 170 can be connected
through a cable 165 to the polished rod. The horsehead 120
translates the rotational motion from the motor base 105 into
the reciprocating motion of the polished rod 135, which
reciprocates through the wellhead 125 and into the oil well.
At the end of the polished rod 135 or a string of sucker rods
is the plunger 155 that is the main mechanical driver of fluid
out of the oil well. Around the polished rod 135 and within
the oil well is a casing 140 that surrounds tubing 145.
Together, the casing 140 and tubing 145 form a casing-
tubing annulus that surrounds the sub-surface pump system
components. Sucker rod string 150, composed of sucker
rods, runs inside the tubing string of the well and provides
the mechanical link between the surface drive and the
subsurface pump. The pump barrel 160 or working barrel is
the stationary part of the subsurface pump that serves as a
stopping point for the plunger 155. The barrel 160 generally
contains a standing valve that acts together with the plunger
155 as a suction valve through which well fluids enter the
pump barrel during an upstroke.

As discussed above, as the sucker rod string 150 recip-
rocates (e.g., translates) within the well, the sucker rod string
150 may asymmetrically wear through rod-on-tubing fric-
tion. This friction may increase in cases with crooked wells,
cases with fluid or gas over-pressurization, and situations
where there is tubing or rod buckling. To help minimize this
uneven wear, the gradual rotation of the polished rod and/or
the tubing in which the rod is translated is used to balance
the wear may be implemented to substantially increase their
operating life.

In order to monitor the rotation of one or more compo-
nents of the pumping system 100 (e.g., the polished rod 135
and/or the tubing 145), a sensor system may be used. For
example, a rod sensor 175 may be secured to a movable
portion of the pumping system 100 (e.g., the polished rod
135). The rod sensor 175 may monitor the rotation of the
polished rod 135 about an axis along which the polished rod
135 extends into the wellbore (e.g., about the longitudinal
axis of the polished rod 135) as a rod rotator 180 gradually
rotates the polished rod 135 during strokes of the sucker rod
string 150. In some embodiments, the rod rotator 180 may
be similar to those disclosed in U.S. Patent Application
Publication No. US 2020/0340309 A1, the disclosure of
which is incorporated herein, in its entirety, by this refer-
ence.

In additional embodiments, a tubing sensor 185 may be
coupled to a portion of a tubing rotator 190. As discussed
above, the tubing rotator 190 may rotate the tubing 145 in

order to spread wear caused by the translation of the
polished rod 135 and the sucker rod string 150 over the inner
surface of the tubing 145. In some embodiments, the tubing
rotator 190 may include a worm drive the interaction with a
worm wheel coupled to the tubing 145. The tubing sensor
185 may be coupled to a portion of the worm drive of the
tubing rotator 190 in order to monitor the rotation of the
tubing rotator 190 directly. The tubing sensor 185 may
monitor the rotation of the tubing rotator 190 (e.g., the worm
drive) about an axis that extends along a surface of the Earth
on which the pumping system 100 is positioned. For
example, the rotational path of the tubing sensor 185 may
extend in a direction (e.g., lie in a plane) that is substantially
perpendicular to a surface upon which the downhole pump-
ing system 100 is positioned.

In additional embodiments, the tubing sensor 185 may be
coupled to a portion of the tubing 145 in order to directly
monitor the rotation of the tubing 145.

The sensor system may include a base unit 195 (e.g., a
stationary point of connection) that communicates (e.g.,
wirelessly communicates via radio waves without the use of
an electrical conductor between two or more components)
with one or more of the sensors (e.g., the rod sensor 175
and/or tubing sensor 185) of the sensor system coupled to
movable components of the pumping system 100. The base
unit 195 may be in communication with additional systems,
such as, operational systems of the overall pumping system
100. For example, an operator of the pumping system 100
may receive data from the wireless the rod sensor 175 and/or
tubing sensor 185 via the base unit 195 as the movable
wireless sensors 175, 185 provide data relating to the
operation of the components on which the wireless sensors
175, 185 are mounted.

FIG. 2 illustrates a simplified representation of a sensor
system 200 for use in a pumping system (e.g., the pumping
system 100 shown in FIG. 1). As shown in FIGS. 1 and 2,
the sensor system 200 may include a sensor subsystem 204
for detecting movement of at least one component of the
downhole pumping system 100. In some embodiments, the
rod sensor 175 and/or tubing sensor 185 may each include
such a sensor subsystem 204. The sensor subsystem 204
may include sensors for sensing various types of motion of
the components of the downhole pumping system 100 as
discussed below. In some embodiments, the sensor subsys-
tem 204 may include sensors that are self-calibrating, wire-
less, and/or independently powered (e.g., battery-powered).
In some embodiments, these sensors or others sensors may
measure conductivity, temperature, humidity, acoustics,
load, etc.

The sensor subsystem 204 may include an axial motion
sensor subsystem 206 including one or more sensors for
detecting linear movement (e.g., a magnetometer, a capaci-
tive sensor, a Hall effect sensor, an optical sensor, etc.). For
example, the axial motion sensor subsystem 206, which may
be contained in the sensors 175, 185 may be coupled to one
or more components (e.g., the polished rod 135) of the
downhole pumping system 100 to detect axial movement of
the polished rod 135 of the downhole pumping system 100.
In embodiments where the axial motion sensor subsystem
206 includes a magnetometer, the axial motion of the
polished rod 135 may be monitored based on variations in a
magnetic field detected by the magnetometer generated by
movement of the polished rod 135 of the downhole pumping
system 100. For example, the magnetic field surrounding the
polished rod 135 and the nearby metallic structures (e.g., the
wellhead 125) may provide a sinusoidal-type waveform in
the magnetometer that can be monitored to determine when
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the polished rod 135 changes axial (e.g., vertical) direction
(e.g., during an up and down stroke of the polished rod 135).

The sensor subsystem 204 may include a rotation sensor
subsystem 208 including a sensor for determining rotational
motion or a component thereof (e.g., a gyroscope, an accel-
erometer, etc.), The rotation sensor subsystem 208 may be
coupled to one or more components (e.g., the polished rod
135 and/or the tubing rotator 190) of the downhole pumping
system 100 to detect rotational movement of the polished
rod 135 and/or the tubing rotator 190 of the downhole
pumping system 100. For example, the rotation sensor
subsystem 208 may be used to determine rotational velocity
(e.g., by the sampling of rotational velocity values) gener-
ated by rotation of the polished rod 135 and/or the tubing
rotator 190 of the downhole pumping system 100. In some
embodiments, the rotation sensor subsystem 208 may com-
prise a gyroscope that monitors movement of the compo-
nents of the downhole pumping system 100 in multiple
degrees of freedom (e.g., nine degrees of freedom).

The sensor system 200 may include a processor subsys-
tem 210 to receive data from the sensor subsystem 204 (e.g.,
the axial motion sensor subsystem 206 and/or the rotation
sensor subsystem 208). The processor subsystem 210 may
include one or more processors 212 for processing the data.
In some embodiments, the processor subsystem 210 may be
part of (e.g., physically located with) the movable sensors
175, 185, may be part of (e.g., physically located with) the
base unit 195, or may be part of both the movable sensors
175, 185 and the base unit 195.

The processor subsystem 210 may determine axial move-
ment of the polished rod 135 and/or the tubing rotator 190
of the downhole pumping system 100 with data from the
axial motion sensor subsystem 204. The processor subsys-
tem 210 may determine rotational velocity of the polished
rod 135 and/or the tubing rotator 190 of the downhole
pumping system 100 with data from the rotation sensor
subsystem 208.

In some embodiments, data from the axial motion sensor
subsystem 206 and the rotation sensor subsystem 208 may
be used together (e.g., interrelated) to determine a condition
of the downhole pumping system 100. For example, the
processor subsystem 210 may use data from the axial motion
sensor subsystem 206 to determine a direction change in the
polished rod 135 (e.g., to determine when one part of a
stroke of the polished rod 135 has been completed and/or to
determine that a new stroke is beginning). Once the change
in direction is noted, the angular velocity data detected the
rotation sensor subsystem 208 may be sampled at relatively
high frequency (e.g., 10 to 10,000 samples per second) to
measure rotational velocity of the polished rod 135. When a
second direction change of the polished rod 135 is deter-
mined, the sampling is continued. When the third direction
change is noted (e.g., noting the completion of a complete up
and down stoke), the sampling may be ceased.

In some embodiments, the sensor system 200 may only
selectively detect the motion of the downhole pumping
system 100 (e.g., in order to conserve battery life of the
sensor system 200). The sensor system 200 may generally
reside in a standby or sleep mode while only waking
occasionally to detect movement of the downhole pumping
system 100. For example, the sensor system 200 may
selectively (e.g., periodically, based on an event, etc.) wake
to detect the motion of the polished rod 135 during an entire
stroke. Once the stroke is completed, the sensor system 200
may return to a sleep or standby mode.

The processor subsystem 210 may sum both positive and
negative angular velocity measurements during the com-

pleted stroke to determine (e.g., to approximate) the overall
net rotation of the polished rod 135 during the completed
stroke. In some embodiments, the processor subsystem 210
may convert the overall net rotation to degrees of rotation
per minute of the polished rod 135. If the angular velocity
calculation yields a value above a preselected limit (e.g., a
minimum amount of expected rotation), then confirmation
of rotation may be indicted by the processor subsystem 210.
Otherwise, rotation a failure in rotation may be noted. As
noted above, similar monitoring and calculation may be
utilized when monitoring rotation of the tubing rotator 190
and/or tubing 145 itself.

In such embodiments, verifying that the polished rod 135
is being moved (e.g., translated) by the downhole pumping
system 100 may be useful to determine that the rod rotator
180 has actually failed to operate. For example, the sensor
system 200 may continue to sample angular velocity only if
it is determined that axial motion exists (e.g., with the axial
motion sensor subsystem 206). Otherwise, the sensor system
200 may recognize no angular velocity or angular velocity
under a certain threshold and incorrectly report that rod
rotation has ceased when the polished rod 135 is not actually
moving in the axial direction. The magnetic change near the
axial motion sensor subsystem 206 will be substantially zero
when there is no vertical motion of the polished rod 135. If
little to no changes are noted in magnetic fields with the
axial motion sensor subsystem 206, the sampling of the
angular velocity may be aborted or discontinued when no
vertical motion is reported.

In some embodiments, through the monitoring and report-
ing of the angular velocity, the number of rotations of the
polished rod 135 during a selected period of time may be
determined and used to evaluate the operation of the rod
rotator 180. Components of the rod rotator 180 may degrade
in performance over time, which often manifests in reduced
velocity and reduced rotation over time. A reduced velocity
of the rod rotator 180 may indicate an improper installation
of the rod rotator 180, where a full stroke of the rotation
mechanism of the rod rotator 180 may not be adequately
occurring because of the installation orientation.

As noted above, velocity data the from rotation sensor
subsystem 208 may be used to determine that the rod rotator
180 or other component is not properly rotating and/or may
also be used to monitor for changes in the velocity data from
a baseline or threshold amount and/or changes over time.
For example, a detected decrease in velocity and/or one or
more detected velocities that are below a selected threshold
may be detected by the sensor system 200. Such data may
be used to determine a performance characteristic of the
downhole pumping system 100, such as, for example, if the
rod rotator 180 is underperforming and/or showing signs of
impending failure.

In some embodiments, the data from the axial motion
sensor subsystem 206 may be used to determine the stroke
period of the polished rod 135. Such a determination may be
used to detect a condition of the well, for example, to detect
a pumped-off condition.

In some embodiments, data from the rotation sensor
subsystem 208 may be used to detect bridal oscillations
caused by a fluid pound condition. The determination of the
fluid pound condition may then be used to estimate the
amount of pump fillage in the pumping operation.

In some embodiments, the sensor system 200 may include
a vibration sensor subsystem 214 (e.g., load sensors, strain
gauges, magnet sensors, accelerometers, gyroscopes, etc.)
used to detect rod string vibration or vibration in other
components of the downhole pumping system 100. As noted
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above, such vibration may be used to detect fluid pound/
tagging, high friction, and/or other rod motion anomalies.
The processor subsystem 210 may be used to establish a
vibrational baseline during the stroke of the polished rod 135
under normal operational conditions. Detected deviation
from this baseline may be monitored and reported to an
operator of the downhole pumping system 100. In some
embodiments, the vibrational baseline may be derived from
the vibration sensor subsystem 214 in more than one axis
(e.g., three axes) during the stroke of the downhole pumping
system 100. A configurable limit may be established to alert
the operator when the current vibrations exceed such a limit.

FIG. 3 illustrates a flow chart of a method 300 of detecting
motion of one or more components of the downhole pump-
ing system (e.g., the polished rod 135 and/or the tubing 145
of the downhole pumping system 100 of FIG. 1). As shown
in FIG. 3, and with further reference to FIG. 1, at act 302,
axial motion of the component (e.g., the polished rod 135)
may be detected based on variations detected by an axial
motion sensor (e.g., rod sensor 175) coupled to the polished
rod 135 of the downhole pumping system 100 generated by
translation of the polished rod 135. At act 304, rotational
movement of the (e.g., the polished rod 135 and/or the
tubing 145) may be detected with a rotational sensor (e.g.,
the rod sensor 175 and/or tubing sensor 185) generated by
rotation of the polished rod 135 and/or the tubing 145. At act
306, axial movement of the polished rod 135 may be verified
with the rod sensor 175 before detecting (e.g., beginning to
detect and/or continuing to detect) the rotational movement
of the polished rod 135 and/or the tubing 145 with the rod
sensor 175 and/or tubing sensor 185.

Terms of degree (e.g., “about,” “substantially,” “gener-
ally,” etc.) indicate structurally or functionally insignificant
variations, such as within acceptable manufacturing toler-
ances. In an example, when the term of degree is included
with a term indicating quantity, the term of degree is
interpreted to mean±10%, ±5%, or ±2% of the term indi-
cating quantity. In an example, when the term of degree is
used to modify a shape, the term of degree indicates that the
shape being modified by the term of degree has the appear-
ance of the disclosed shape. For instance, the term of degree
may be used to indicate that the shape may have rounded
corners instead of sharp corners, curved edges instead of
straight edges, one or more protrusions extending therefrom,
is oblong, is the same as the disclosed shape, et cetera.

While the present disclosure has been described herein
with respect to certain illustrated embodiments, those of
ordinary skill in the art will recognize and appreciate that it
is not so limited. Rather, many additions, deletions, and
modifications to the illustrated embodiments may be made
without departing from the scope of the disclosure as
hereinafter claimed, including legal equivalents thereof.
Further, the words “including,” “having,” and variants
thereof (e.g., “includes” and “has”) as used herein, including
the claims, shall be open-ended and have the same meaning
as the word “comprising” and variants thereof (e.g., “com-
prise” and “comprises”). In addition, features from one
embodiment may be combined with features of another
embodiment while still being encompassed within the scope
of the disclosure as contemplated by the inventors.

What is claimed is:
1. A sensor system for a downhole pumping system,

comprising:
a sensor subsystem for detecting movement of at least one

component of the downhole pumping system, the sen-
sor subsystem comprising:

an axial motion sensor subsystem comprising a mag-

netometer, the magnetometer to be coupled to the at

least one component of the downhole pumping sys-

tem and to measure axial movement of the at least

one component of the downhole pumping system

based on variations in a magnet field detected by the

magnetometer generated by movement of the at least

one component of the downhole pumping system;

a rotation sensor subsystem comprising a gyroscope,

the gyroscope to be coupled to the at least one

component of the downhole pumping system and to

detect rotational movement of the at least one com-

ponent of the downhole pumping system by detect-

ing rotational velocity values with the gyroscope

generated by rotation of the at least one component

of the downhole pumping system; and

a vibration sensor subsystem for monitoring vibration

of the at least one component of the downhole

pumping system in three axes; and

a processor subsystem to receive data from the axial

motion sensor subsystem and the rotation sensor sub-

system, the processor subsystem to:

detect axial movement of the at least one component of

the downhole pumping system with the magnetom-

eter of the axial motion sensor subsystem, the detect-

ing axial movement comprising:

sensing a direction change in the at least one com-

ponent of the downhole pumping system to deter-

mine when a stroke of the at least one component

of the downhole pumping system has been com-

pleted and to determine that a new stroke is

beginning; and

after the direction change in the at least one component

of the downhole pumping system has been detected,

begin to determine rotation of the at least one com-

ponent of the downhole pumping system with the

rotation sensor subsystem by sampling rotational

values generated by the rotation of the at least one

component of the downhole pumping system, the

determining the rotational values of the at least one

component of the downhole pumping system com-
prising:
continuing sampling the rotational values through a

second direction change of the at least one com-
ponent of the downhole pumping system; and

ceasing sampling the rotational values at a third
direction change of the at least one component of
the downhole pumping system.

2. The sensor system of claim 1, wherein the sensor
subsystem is configured to detect movement of the at least
one component of the downhole pumping system compris-
ing at least one rod of the downhole pumping system
extending from a surface location into a wellbore.

3. The sensor system of claim 2, wherein the processor
subsystem is configured to verify the axial movement and
the direction change of the at least one rod before determin-
ing the rotation.

4. The sensor system of claim 2, wherein the processor
subsystem is configured to determine the direction change of
the at least one rod to indicate that a previous stoke has been
completed and that a new stroke is beginning.

5. The sensor system of claim 4, wherein the processor
subsystem is configured to begin sampling the rotational
values comprising rotational velocity after determining the
direction change of the at least one rod.
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6. The sensor system of claim 1, wherein the processor
subsystem is configured receive the rotational values from
only a gyroscope.

7. The sensor system of claim 1, wherein the processor
subsystem is configured to compare the sampled rotational
values with previously sampled rotational values detected by
the rotation sensor subsystem during a previous stroke of the
downhole pumping system to determine if rotation of the at
least one component of the downhole pumping system has
occurred.

8. The sensor system of claim 1, wherein the sensor
subsystem is configured to detect movement of the at least
one component of the downhole pumping system compris-
ing a tubing rotator of the downhole pumping system.

9. The sensor system of claim 8, wherein the sensor
subsystem is configured to detect rotation of the tubing
rotator while detecting axial movement of a polished of the
downhole pumping system.

10. The sensor system of claim 1, wherein the processor
subsystem is configured to determine the rotational values of
the at least one component of the downhole pumping system
by summing both positive and negative samples of the
rotational values sensed by the rotation sensor subsystem.

11. The sensor system of claim 10, wherein the processor
subsystem is configured to compare the determined rota-
tional values of the at least one component of the downhole
pumping system with an expected amount of rotational
values to determine a failure in the rotation of the at least one
component of the downhole pumping system.

12. The sensor system of claim 1, further comprising a
vibration sensor subsystem for monitoring vibration of the at
least one component of the downhole pumping system in
three axes over a vibrational baseline.

13. A sensor system for a downhole pumping system,
comprising:

a sensor subsystem for detecting movement of at least one
component of the downhole pumping system, the sen-
sor subsystem comprising:
an axial motion sensor subsystem comprising an axial

motion sensor, the axial motion sensor to be coupled
to the at least one component of the downhole
pumping system and to measure axial movement of
the at least one component of the downhole pumping
system based on variations detected by the axial
motion sensor generated by movement of the at least
one component of the downhole pumping system;
and

a rotation sensor subsystem comprising a rotational
sensor, the rotational sensor to be coupled to the at
least one component of the downhole pumping sys-
tem and to detect rotational movement of the at least
one component of the downhole pumping system by
sampling rotational values with the rotational sensor
generated by rotation of the at least one component
of the downhole pumping system; and

a processor subsystem to receive data from the axial
motion sensor subsystem and the rotation sensor sub-
system, the processor subsystem to:
verify the axial movement of the at least one compo-

nent of the downhole pumping system with the axial
motion sensor subsystem;

when the axial movement has been verified, detecting
the rotational values with the rotation sensor subsys-
tem during a current stroke of the downhole pumping
system; and

comparing the rotational values with previously sensed
rotational values detected by the rotation sensor

subsystem during a previous stroke of the downhole
pumping system to determine if rotation of the at
least one component of the downhole pumping sys-
tem has occurred.

14. The sensor system of claim 13, wherein the axial
motion sensor subsystem comprises a magnetometer and the
rotation sensor subsystem comprises a gyroscope.

15. The sensor system of claim 14, wherein the sensor
subsystem is configured to detect movement of the at least
one component of the downhole pumping system compris-
ing at least one rod of the downhole pumping system
extending from a surface location into a wellbore, and
wherein the processor subsystem is configured to continue
sampling the rotational values of the at least one rod over a
stroke of the at least one rod.

16. A sensor system for a downhole pumping system,
comprising:

an axial motion sensor subsystem comprising a magne-
tometer to measure axial movement of at least one
component of the downhole pumping system and to
determine a change in axial direction of the at least one
component of the downhole pumping system;

a sensor subsystem for detecting movement of a tubing
rotator of the downhole pumping system, the sensor
subsystem comprising a rotation sensor subsystem
comprising a rotational sensor, the rotational sensor to
be coupled to the tubing rotator of the downhole
pumping system and to detect rotational movement of
the tubing rotator of the downhole pumping system by
sampling rotational values with the rotational sensor
generated by rotation of the tubing rotator of the
downhole pumping system; and

a processor subsystem to receive data from the rotation
sensor subsystem, the processor subsystem to deter-
mine rotation of the tubing rotator of the downhole
pumping system with the rotational values detected by
the rotation sensor subsystem, the processor subsystem
configured to:
detect the axial movement of the at least one compo-

nent of the downhole pumping system with the axial
motion sensor subsystem;

when the axial movement of the at least one component
is detected, begin detecting the rotational movement
of the tubing rotator of the downhole pumping
system with the rotational sensor;

continue detecting the rotational movement of the
tubing rotator of the downhole pumping system
through a second direction change of the at least one
component of the downhole pumping system; and

cease detecting the rotational movement of the tubing
rotator of the downhole pumping system after a third
direction change of the at least one component of the
downhole pumping system.

17. The sensor system of claim 16, wherein the rotation
sensor subsystem comprises at least one of a gyroscope or an
accelerometer.

18. The sensor system of claim 16, wherein the rotation
sensor subsystem is configured to monitor the rotation of the
tubing rotator along a path that extends in a direction
substantially perpendicular to a surface upon which the
downhole pumping system is positioned.

19. A method of detecting motion of at least one compo-
nent of a downhole pumping system, the method compris-
ing:

determining a first change in axial direction of at least one
component of the downhole pumping system based on
magnetic variations detected by an axial motion sensor
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coupled to the at least one component of the downhole
pumping system generated by translation of the at least
one component of the downhole pumping system;

when detecting no change in the axial direction, ceasing
any sensing of rotation movement;

when verifying the first change in the axial direction:
begin detecting rotational movement of the at least one

component of the downhole pumping system with a
rotational sensor generated by rotation of the at least
one component of the downhole pumping system;

continuing detecting the rotational movement of the at
least one component of the downhole pumping sys-
tem through a second direction change of the at least
one component of the downhole pumping system;
and

ceasing detecting the rotational movement of the at
least one component of the downhole pumping sys-
tem after a third direction change of the at least one
component of the downhole pumping system.

20. The method of claim 19, further comprising compar-
ing a rotational velocity detected with the rotational sensor
with a threshold value to determine a performance charac-
teristic of the at least one component of the downhole
pumping system.

∗ ∗ ∗ ∗ ∗
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