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( 57 ) ABSTRACT 
An apparatus for monitoring rod rotation in a rod lift system . 
The apparatus comprises one or more sensors that reside on 
the rod string of the rod lift system . The sensor is configured 
via a processor to generate a signal indicative of radial 
position of the sensor relative to an external frame of 
reference . The signal may be sent to a wireless I / O module , 
with the signals being indicative of at least partial rotation 
or , alternatively , a lack of rotation , of the rod - string . The 
processor is configured to generate an alarm if an absence of 
rod rotation is detected while the rod lift system is running 
and transmit this signal to the nearby wireless I / O module . 
A method for monitoring a reciprocating rod lift system is 
also provided . 
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APPARATUS AND METHOD FOR 
DETECTING THE ROTATION OF A 
ROD - STRING IN A WELLBORE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001 ] This application claims the benefit of U . S . Ser . No . 
62 / 612 , 503 filed Dec . 31 , 2017 . That application is entitled 
“ Rod Rotation Detection , " and is incorporated herein in its 
entirety by reference . 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[ 0002 ] Not applicable . 
THE NAMES OF THE PARTIES TO A JOINT 

RESEARCH AGREEMENT 

[ 0003 ] Not applicable . 
BACKGROUND OF THE INVENTION 

[ 0004 ] This section is intended to introduce various 
aspects of the art , which may be associated with exemplary 
embodiments of the present disclosure . This discussion is 
believed to assist in providing a framework to facilitate a 
better understanding of particular aspects of the present 
disclosure . Accordingly , it should be understood that this 
section should be read in this light , and not necessarily as 
admissions of prior art . 

Field of the Invention 
[ 0005 ] The present disclosure relates to the field of hydro 
carbon recovery operations . More specifically , the present 
invention relates to the production of fluids from a wellbore 
using artificial lift . The invention also relates to an apparatus 
for detecting the mechanical rotation of a rod - string during 
operation of a surface pumping unit . 

rod ” pump is a bit of a misnomer as these pumps do not 
actually operate on suction ; rather , they 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 production tubing 
to incrementally lift production fluids from a subsurface 
formation up to the surface . 
[ 0010 ] 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 . 
Those of ordinary skill in the art will understand that most 
wells are not perfectly vertical but can have path deviations . 
Such deviations may be in the form of a gentle cork screw 
created as a largely unavoidable result of forming the 
wellbore using a rotating drill pipe and bit . Other such 
deviations may be intentional to reach reservoirs from a 
specific surface location . Directional wells are increasingly 
common and present difficulties when producing via a rod 
pump . 
[ 0011 ] The presence of wellbore deviations can 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 accom 
plished by using a slow moving gear , actuated through a 
ratchet mechanism by the stroking motion of the pumping 
unit . 
[ 0012 ] In modern installations , a rotator arm is provided 
near the top of the rod - string . The rotator arm is actuated by 
a cable that extends upwards to a fixed portion on the surface 
pumping unit , preferably the Sampson post or walking 
beam . As the pumping unit reciprocates , the walking beam 
pulls on the cable and urges the rotator arm upward . An 
example of such an arrangement is seen in FIG . 1 described 
below . 
[ 0013 ] Because the rotation is very slow , it is difficult for 
the operator to visually observe rotation at the well head . For 
this reason , a failed rotation mechanism can go undetected 
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 . 
[ 00141 . Adverse downhole conditions can prevent the rota 
tional motion of the rotator from transferring torque to the 
rod - string . Examples of such conditions include the pres 
ence 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 , on - site obser 
vation as they are transient in nature . 
[ 0015 ] In an attempt to detect rod rotator failure , a rod 
rotation monitoring system was developed by Weatherford 
International PLC . The monitoring system utilizes a mag 
netic strip or , alternatively , an RFID tag , placed on a tubular 

b ody to be rotated . Movement of the tubular body is then 
detected by a sensor that is distal from the magnetic strip ( or 

Technology in the Field of the Invention 
[ 0006 ] To prepare a wellbore for the production of hydro 
carbon fluids , a string of production tubing is run into the 
casing . The production tubing serves as a conduit for car 
rying production 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 . 
[ 0007 ] In order to carry the hydrocarbon fluids to the 
surface , a pump may be placed at a lower end of the 
production tubing . This is known as " artificial lift . ” In some 
cases , the pump may be a progressing cavity pump , or PCP . 
PCP pumps use a rod - string to rotationally drive a helical 
rotor in a stator to move fluid into the production tubing and 
up to surface . 
[ 0008 ] More conventionally , 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 . This is known as 
“ positive displacement . " In some designs such as that dis 
closed in U . S . Pat . No . 7 , 445 , 435 , the pump may be able to 
both capture fluid and lift fluid on each of the downstroke 
and the upstroke . ( See also U . S . Pat . No . 1 , 549 , 175 . ) 
10009 ] Mechanically actuated downhole pumps are some 
times referred to as “ sucker rod ” pumps . The term “ sucker 
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the RFID tag ) . In the Weatherford system , signals indicative ti?ti?m?ti? / ?Â§Â§Â?Ò?Â§Â§Â§ \ ? \ \ ? \ ? \ / ti??????? \ \ ? \ §Â??titi? 
of rotation ( by inferring proximity of the magnetic strip or present disclosure , the magnetometer provides data indica 
the RFID tag ) are sent to a separate controller ( such as the tive of absolute rotation . 
pump - off controller ) which then records complete revolu [ 0023 ] The sensing components may also include a 
tions over a given period of time . If the rod - string ( or other barometer , accelerometer and / or a gyroscope . These com 
tubular body ) does not meet an expected rotation value ponents may be used to detect vertical motion , indicative of 
determined by the rotational angle associated with each stroking . The processor generates an alarm if the rod lift 
stroke of the pumping unit , then an alarm is sent . system is running ( or " stroking " ) but no rotation of the 
[ 0016 ] The rod rotation monitoring system of Weatherford polished rod is detected . Optionally , the processor is further 
is described in U . S . Pat . No . 9 , 140 , 113 , issued in 2015 . The configured to receive confirmation signals from a rod pump 
’ 113 patent was assigned to Weatherford Technology Hold controller located at the well advising ( or confirming ) as to 
ings , LLC of Houston , Tex . A shortcoming of the Weather whether the rod lift system is running , though this is not the 
ford rod rotation monitoring system is that it requires a preferred arrangement . 
sensor separate from the tag ( or magnet ) . Specifically , a 10024 ] The apparatus optionally also includes a receiver . 
dedicated sensor must be placed within a component of the The receiver may be referred to herein as a " wireless I / O 
tubing head or rod rotator to sense rotation . Furthermore , module . ” The wireless I / O module is located remote from 
because this system incorporates two distinct components to the well head and is configured to receive pre - processed 
achieve sensing , proper installation and alignment is signals from the sensing device ( via a transmitter associated 
required . with the processor ) that are indicative of rotational state of 
[ 0017 ] A need exists for a rod rotation monitoring system the rod - string . The wireless I / O module converts the digital 
that places a single sensor on the polished rod ( or rod - string ) alarm signal received from the processor into an electrical 
itself , without need of placing a separate stationary sensor output that can be relayed or connected to a rod pump 
internal to the rod rotator . A need further exists for such a controller as a generic switch input indicating the presence 
system that is capable of detecting an absence of rod rotation of rotation , or as an analog signal indicating direction , total 
without complete revolutions of the rod - string . Still further , rotation count , or effectiveness of rotation . 
a need exists for a rod rotation detection system that can [ 0025 ] It is noted that the area near a wellhead is a sense “ ineffective ” rod rotations caused by the rod - string classified hazardous environment and electrical connections becoming temporarily bound up at some point down - hole can pose a safety concern . By utilizing a secondary wireless 
from the rotation source , and then uncoiling . I / O module located outside of this environment , the sensing 

device can be constructed in a self - contained , intrinsically BRIEF SUMMARY OF THE INVENTION safe manor . 
[ 0018 ] An apparatus for monitoring a reciprocating rod lift [ 0026 ] In one aspect , the processor is further configured to 
system is provided herein . The apparatus is designed to generate the alarm if a minimum number of revolutions of 
detect rotation of a polished rod associated with a wellbore . the polished rod over a given period of time is not achieved . 
Preferably , the polished rod is connected to a traditional Because the sensing components are capable of measuring a 
rod - string or a continuous rod - string that extends from a range of readings , corresponding to a compass heading , the 
well head into the wellbore . The polished - rod and rod string processor is able to determine a rate of rotation at any given 
are rotated using any known rod rotation mechanism . point . If this rate effectively falls to zero , the processor can 
[ 0019 ] The apparatus first comprises a sensor . The sensor determine this lack of rotation without knowledge of the 
resides on the polished rod ( or any part of a reciprocating associated angle per stroke . Rod rotation fails either com 
string below the polished - rod ) of a pumping unit . The sensor pletely through a mechanical failure , or intermittently 
is configured to generate a signal indicative of absolute through loss of frictional contact . Both of these conditions 
radial position , or of heading direction , of the polished rod can be determined by observing the zero or non - zero rate of 
during rotation . Preferably , the sensor is attached to the rotation . In still another aspect , the processor is configured 
polished rod using a clamp or a strap . to only generate the alarm during periods where the unit is 
[ 0020 ] In one aspect , the sensor is also configured to stroking and rotation is not present . Rotation during idle 
determine vertical motion . This indicates whether the rod lift periods is not expected and therefore does not need to be 
system is stroking or whether it has stopped . The sensor considered . Indicating non - rotation during idle periods 
generates an alarm if the rod lift system is running but no would be considered a false alarm as the functionality of the 
rotation of the polished rod is detected during a given period rotation system is indeterminate during that period . 
of time . [ 0027 ] In one embodiment , the sensing components of the 
[ 0021 ] The apparatus also includes a processor . Prefer sensing device comprise a barometer . A barometer may be 
ably , the processor is integrated with the sensor within a used to read pressure and can determine elevation from the 
housing to form an integral sensing device . The sensing surrounding air pressure . In the present application , the 
device may contain various individual sensing components . barometer is configured to determine cyclic vertical motion 
The processor is configured to receive signals from the of the sensing device , indicating the unit is actively stroking 
sensing components that are indicative of at least partial and rotation is to be expected . Stroking action can be 
radial position of the rod - string , or changing vertical posi indicated by the barometer , accelerometer , or magnetometer 
tion that is indicative of stroking action . individually , or these sensor readings can be combined to 
[ 0022 ] Preferably , the sensing components of the sensing more accurately indicate the operational state of the pump 
device comprise a magnetometer . The magnetometer is ing unit . 
effectively a compass that identifies a radial orientation of [ 0028 ] In one embodiment , the sensor is placed along the 
the sensor relative to a fixed external location such as rotationally constrained bridle assembly of the rod lift 
magnetic north . Magnetometers operate by reading the system . The bridle assembly is located over and is opera 
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tively connected to the polished rod . The polished rod , in 
turn , is mechanically connected to the rod - string . 
10029 ] . In this arrangement , the sensor comprises one or 
more sensing components . The sensing components may 
comprise a magnetometer , accelerometer and / or a gyro 
scope . 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 . This is different from the overall 
rotation of the rod string which happens at a much slower 
rate . Furthermore the magnetometer , being rotationally con 
strained on the bridle assembly , although still susceptible to 
torque induced deflection , can measure the absolute radial 
deflection imparted by the torque present in the rod string . 
[ 0030 ] In this arrangement , a processor is also provided . 
The processor is configured to receive signals from the 
sensing components indicative of instantaneous torque 
induced rotational 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 . In this instance , the processor may operate 
to quantify the effectiveness of down - hole rotation of the 
rod - string relative to the surface rotation of the polished rod . 
[ 0031 ] An alternate embodiment for an apparatus for 
monitoring a rod lift system is also provided . In this embodi 
ment , the apparatus comprises : 

[ 0032 ] a sensor placed on the rod lift system , wherein 
the sensor is configured to generate a signal indicative 
of radial orientation of a rod - string extending down into 
the well ; and 

[ 0033 ] a processor configured to : 
[ 0034 ] receive electrical signals from the sensor 

indicative of the rate of rotation of the rod - string ; and 
[ 0035 ] generate an alarm if the rod lift system is 

operational but invalid rotation of the polished rod is 
detected 

[ 0036 ] A method for monitoring a reciprocating rod lift 
system is also provided . The method first includes placing a 
sensor onto a polished rod of a rod lift system . Using a 
transmitter associated with a processor , the sensor generates 
signals indicative of radial position of the sensor relative to 
a fixed external location or frame of reference . An example 
of such an external location is magnetic north . 
[ 0037 ] The polished rod is connected to a rod - string that 
extends down into an associated wellbore . Rotation of the 
polished rod transmits rotational torque to the rod - string 
down - hole , which in turn rotates unless restricted by some 
external down - hole frictional force . 
[ 0038 ] . The method also comprises using a processor to 
receive signals from the sensor indicative of rotational state 
of the rod - string . In one aspect , the processor determines 
from various individual component sensors , whether the rod 
lift system is activated , or " stroking . ” Further , the sensor and 
processor ( together , the sensing device ) also determine if the 
sensing device is “ rotating ” during periods of expected 
rotation . 
[ 0039 ] The method additionally includes generating an 
alarm ( only ) if the rod lift system is activated but no rotation 
of the polished rod is detected . 
[ 0040 ] Generally , the processor is configured to determine 
a change in absolute , or relative orientation of the rod - string 
( or absence of such a change ) , and then send a signal as the 
alarm to a wireless I / O module . The rod - string may be a 
traditional sucker rod - string or it may be a continuous 

rod - string . Note also that the present method is applicable to 
both rod pumps and rotational progressing cavity pumps . 
[ 0041 ] Beneficially , the processor is not required to deter 
mine rod rotation speed , but only to detect if rod rotation is 
actually taking place during periods of expected rotation , 
namely , when the rod lift system is stroking . Thus , a 
calculation of revolutions over a given period of time is not 
necessarily conducted . Furthermore , no prior knowledge of 
rotations per stroke , or angle per stroke , is required ( al 
though a general “ zero ” or “ non - zero ” rotation rate can be 
derived from the rotation itself , without knowledge of the 
number of strokes ) . 
[ 0042 ] In one aspect , the method further comprises plac 
ing an accelerometer and a gyroscope on the polished rod as 
part of the sensing device . The accelerometer and gyroscope 
determine rotational deflection of the bridle assembly during 
the course of a single stroke . The accelerometer and the 
gyroscope are calibrated to provide consistent and accurate 
readings . 
[ 0043 ] In one embodiment , the sensor is placed onto the 
bridle assembly of the rod lift system . The processor peri 
odically receives signals from a magnetometer , accelerom 
eter and / or gyroscope , and processes those signals to detect 
intra - stroke torsional deflection . A change in intra - stroke 
torsional deflection over many strokes , followed by a rapid 
reduction , indicates a buildup of torque in the rod - string due 
to frictional resistance down - hole , followed by a sharp 
reduction in deflection when the rotational resistance is 
overcome and applied torque is lost . 
[ 0044 ] The primary application of this is in rod pumped 
wells , but concepts herein are also applicable to progressing 
cavity pumps with minimal adjustments for rotational speed . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0045 ] So that the manner in which the present inventions 
can be better understood , certain illustrations , charts and / or 
flow charts are appended hereto . It is to be noted , however , 
that the drawings illustrate only selected embodiments of the 
inventions and are therefore not to be considered limiting of 
scope , for the inventions may admit to other equally effec 
tive embodiments and applications . 
100461 . FIG . 1 is a schematic view of a known mechanical 
rod pumping system . The system includes a polished rod and 
connected rod - string . A downhole pump is connected to the 
lower end of the rod - string within a wellbore . 
[ 0047 ] FIG . 2 is a somewhat schematic , cross - sectional 
view of a rod rotation system mounted onto a polished rod . 
A sensor is attached to the polished rod . 
[ 0048 ] FIG . 3 is an illustration showing a multi - axis 
sensing device relative to an external field . The external field 
may be , for example , gravity or the earth ’ s magnetic field . 
[ 0049 ] FIG . 4 is a schematic view demonstrating the 
earth ' s magnetic field . 
[ 0050 ] FIG . 5 is a schematic illustration of the rod rotation 
monitoring apparatus of the present invention , specifically 
illustrating a downhole frictional resistance and resulting 
torque buildup in the rod - string , in one embodiment . 
10051 ] FIG . 6 is an algorithm for operating the rod rotation 
monitoring apparatus of the present invention , in one 
embodiment . 
[ 0052 ] FIG . 7 is a flow chart showing steps for performing 
the method of the present invention , in one embodiment . 
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circular cross section , or other cross - sectional shape . The 
term “ well , ” when referring to an opening in the formation , 
may be used interchangeably with the term " wellbore . " 

[ 0053 ] FIG . 8 is an illustration of magnetic field distor 
tions at various elevations through the path of the sensor 
during pumping operations . 
[ 0054 ] FIG . 9 illustrates the various components consti 
tuting the sensing device and the wireless I / O module , in one 
embodiment . 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS 

Definitions 
[ 0055 ] For purposes of the present application , it will be 
understood that the term “ hydrocarbon ” refers to an organic 
compound that includes primarily , if not exclusively , the 
elements hydrogen and carbon . Hydrocarbons may also 
include other elements , such as , but not limited to , halogens , 
metallic elements , nitrogen , carbon dioxide , and / or sulfuric 
components such as hydrogen sulfide . 
[ 0056 ] As used herein , the term “ hydrocarbon fluids ” 
refers to a hydrocarbon or mixtures of hydrocarbons that are 
gases or liquids . For example , hydrocarbon fluids may 
include a hydrocarbon or mixtures of hydrocarbons that are 
gases or liquids at formation conditions or at surface con 
dition . Hydrocarbon fluids may include , for example , oil , 
natural gas , coalbed methane , shale oil , pyrolysis oil , pyroly 
sis gas , a pyrolysis product of coal , and other hydrocarbons 
that are in a gaseous or liquid state . 
[ 0057 ] As used herein , the term “ rod - string ” includes all 
components that rotate together relative to a wellbore , 
including the polished rod and joints or sections of steel 
rods . 
[ 0058 ] As used herein , the terms “ produced fluids , " " res 
ervoir fluids ” and “ production fluids ” refer to liquids and / or 
gases removed from a subsurface formation , including , for 
example , an organic - rich rock formation . Produced fluids 
may include both hydrocarbon fluids and non - hydrocarbon 
fluids . Production fluids may include , but are not limited to , 
oil , natural gas , pyrolyzed shale oil , synthesis gas , a pyroly 
sis product of coal , nitrogen , carbon dioxide , hydrogen 
sulfide and water . 
[ 0059 ] As used herein , the term “ fluid ” refers to gases , 
liquids , and combinations of gases and liquids , as well as to 
combinations of gases and solids , combinations of liquids 
and solids , and combinations of gases , liquids , and solids . 
[ 0060 ] As used herein , the term " wellbore fluids ” means 
water , hydrocarbon fluids , formation fluids , or any other 
fluids that may be within a wellbore during a production 
operation . 
[ 0061 ] As used herein , the term " gas ” refers to a fluid that 
is in its vapor phase . “ Gas ” may be referred to as a 
compressible fluid . 
[ 0062 ] As used herein , the term “ subsurface ” refers to 
geologic strata occurring below the earth ' s surface . 
[ 0063 ] As used herein , the term " formation ” refers to any 
definable subsurface region regardless of size . The forma 
tion may contain one or more hydrocarbon - containing lay 
ers , one or more non - hydrocarbon containing layers , an 
overburden , and / or an underburden of any geologic forma 
tion . A formation can refer to a single set of related geologic 
strata of a specific rock type , or to a set of geologic strata of 
different rock types . 
[ 0064 ] As used herein , the term “ wellbore ” refers to a hole 
in the subsurface made by drilling or insertion of a conduit 
into the subsurface . A wellbore may have a substantially 

Description of Selected Specific Embodiments 
[ 0065 ] FIG . 1 provides a cross - sectional view of a rod 
pumping system 100 . The rod pumping system 100 presents 
a known mechanical pumping unit 110 . The pumping unit 
110 includes a base 112 , one or more support arms 114 
extending up from the base 112 , and a walking beam 116 . 
The walking beam 116 supports a so - called horse head 115 
that reciprocates up and down over a well head 130 . 
10066 ] To create the reciprocating rocking movement of 
the horse head 115 , a prime mover 118 is employed . The 
prime mover 118 may utilize an internal combustion engine 
to drive a shaft . Alternatively , the prime mover 118 may be 
an electric motor . In either instance , the prime mover causes 
a crank arm 111 to rotate via a gear reduction 119 . The crank 
arms 111 utilize counterweights to provide the mechanical , 
counter - balancing force needed to cause the walking beam 
116 to reciprocate . 
[ 0067 ] It is noted that the walking beam 116 pivots over a 
fulcrum known as a saddle bearing 117 at an upper end of 
the support arms 114 . The support arms 114 , in turn , are 
colloquially known as the Sampson post . 
10068 ] . It is understood that the mechanical rod pumping 
system 100 of FIG . 1 is merely illustrative . Other rod lift 
systems may be employed for the inventions herein includ 
ing long - stroke mechanical units , pneumatic units or 
hydraulic pumping units . Furthermore , as noted above the 
system 100 can also be applied to progressing cavity pump 
applications , which is also considered to be a rod driven lift 
system . 
[ 0069 ] FIG . 1 also demonstrates a wellbore 150 . The 
wellbore 150 extends below the well head 130 down to a 
subsurface formation 155 . As shown in the drawing , the 
wellbore 150 is completed vertically . However , the inven 
tions herein may be used in connection with wellbores that 
have a deviated portion . 
[ 0070 ] An enlarged , cross - sectional portion of the well 
bore 150 is shown at 1A . Here it can be seen that the 
wellbore 150 includes a string of casing 122 . The casing 122 
is cemented into place with a surrounding column of cement 
120 . The casing 122 and cement 120 together isolate the 
wellbore 150 from the surrounding rock formations and any 
near - surface aquifers . It is understood that most wellbores 
are completed with a series of casing strings having pro 
gressively smaller outer diameters . For illustrative purposes 
only a single casing string is shown in FIG . 1 . 
f0071 ] The wellbore 150 also includes a string of produc 
tion tubing 124 . The production tubing 124 is suspended 
from the well head 130 using a tubing hanger ( not shown ) . 
The tubing hanger resides within and is a part of the well 
head 130 . The production tubing 124 extends into the 
wellbore 150 and is generally concentric within the casing 
string 122 . Production fluids are produced from the forma 
tion 155 up to the well head 130 through the production 
tubing 124 . 
[ 0072 ] Finally , a rod - string 104 is provided within the 
wellbore 150 . The rod - string 104 extends from the well head 
130 down through the production tubing 124 . An upper end 
of the rod - string 104 is operatively connected to a polished 
rod 101 . The polished rod 101 reciprocates up and down into 
the well head 130 in response to movement of the horse head 
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as 

115 . Note that the polished rod 101 is connected to the horse 
head 115 by means of bridle cables 102 and a carrier bar 
( shown in FIG . 2 at 209 ) , together referred to as the bridle 
assembly 240 . 
[ 0073 ] A pump 135 is provided proximate the bottom of 
the wellbore 150 . An enlarged view of the pump 135 is 
presented at 1B . The pump 135 resides at the bottom of the 
rod - string 104 . In view 105 the traveling valve portion of the 
pump 135 is moving upward within the pump barrel while 
in view 106 the traveling valve portion of the pump 135 is 
falling downward . This reciprocating movement causes pro 
duction fluids to be lifted to the surface . 
10074 ] The well head 130 of FIG . 1 also includes a rod 
rotator system 200 . FIG . 2 is an enlarged , cross - sectional 
view of the rod rotator system 200 . The rod rotator system 
200 is the means by which the polished rod is rotated about 
its longitudinal axis . In the view of FIG . 2 , the polished rod 
is shown at 101 . The polished rod 101 extends through the 
center of the rod rotator ratchet mechanism 207 . The pol 
ished rod 101 and connected rod - string 104 are together 
rotated according to arrows 203 , indicated by “ R ” in FIG . 1 . 
[ 0075 ] The rod rotator system 200 includes a ratchet 
mechanism that is frictionally engaged with the polished rod 
101 , via a force imparted by gravity on the polished rod 
clamp 204 , causing the polished rod 101 and connected 
rod - string 104 to slowly rotate . Cable 103 is used to actuate 
the ratchet mechanism ( shown at 207 in FIG . 2 ) within the 
rod rotator system 200 . Arrow “ R ” illustrates the rotational 
motion of the polished rod 101 as imparted by the rod rotator 
table 205 . 
[ 0076 ] The rod rotator system 200 includes one or more 
clamps 204 . The clamps 204 are installed on the polished rod 
101 . The polished rod clamp ( s ) 204 transfer the load from 
the polished rod 101 on to the ratchet mechanism 207 via 
frictional contact , and down to a rotationally constrained 
carrier bar 209 . 
[ 0077 ] The ratchet mechanism 207 is actuated by means of 
a lever arm 206 . The ratchet mechanism 207 converts the 
cyclic stroking action of the horse head 115 into a uni 
directional , low - speed , rotational motion through a series of 
gears ( not shown ) . A frictional interface between the pol 
ished rod clamp ( s ) 204 and the ratcheting mechanism 207 
via the rod rotator table 205 transfers torque to the polished 
rod 101 and then down along the length of the rod - string 
104 . In a typical system , rotation of the polished rod 101 is 
clockwise when viewed from above . This works best with 
the threaded connections between the joints of the rod - string 
104 . 
10078 ] Of importance , a rotational sensing device 201 is 
attached ( or otherwise operatively connected ) to the pol - 
ished rod 101 . In this illustration , the sensing device 201 is 
located above the ratcheting mechanism 207 . However , the 
sensing device 201 may alternatively be located below the 
carrier bar 209 , or anywhere along the rod - string 104 . For 
purposes of the present disclosure , the uppermost joint of the 
rod - string 104 or any connecting pup joint is considered to 
be part of the “ polished rod . ” The sensor may alternatively 
reside anywhere on the rotationally constrained bridle 
assembly 240 to provide torque buildup indication , inde 
pendent from absolute rotation of the rod string . 
[ 0079 ] In practice , the sensing device 201 is clamped , 
bolted or strapped onto ( or otherwise adhered to ) the pol 
ished rod 101 above the ratcheting mechanism 207 . The 
region above the top polished rod clamp 204 is the least 

obtrusive , and therefore is the optimal location for the 
sensing device 201 . In addition , size and environmental 
restrictions make it preferable for the sensing device 201 to 
be placed on the polished rod 101 at the surface and above 
the well head 130 . The sensing device 201 could , however , 
be placed anywhere along the rotating assembly or on the 
rotationally constrained bridle assembly 240 . 
[ 0080 ] In the case of detecting torque build - up ( or relative 
deflection ) , the sensing device 201 may reside on the carrier 
bar 209 , on the bridle cables 102 , or anywhere on the larger 
bridle assembly 240 . 
[ 0081 ] The sensing device 201 comprises a sensor . For 
example , the sensor may be a magnetometer that senses 
magnetic field . Magnetometers operate by reading the 
strength of a magnetic field in a given direction . The 
magnetometer is effectively a compass that identifies a radial 
orientation of the polished rod relative to a fixed external 
location such as magnetic north . In the present context , the 
magnetometer is used to detect a change in radial orientation 
of the polished rod . After calibration , a three - axis magne 
tometer can determine direction , or compass heading , of 
polished rod within the magnetic field . 
[ 0082 ] The sensor may further comprise an accelerometer , 
a gyroscope or a barometer . An accelerometer can be used 
to detect the accelerations imparted by the directional rever 
sals caused by stroking action . A 3 - axis gyroscope is similar 
to a 3 - axis accelerometer , except the frame of reference is a 
static inertial frame . A barometer can measure changing air 
pressure indicating the rise and fall of the sensing device . 
These sensors aid in identifying vertical , cyclic motion of 
the polished rod 101 , and thus indicate that the pumping unit 
is stroking and rotation is accordingly expected . The mag 
netometer experiences a range of field distortions as the 
sensor moves closer and further from steel objects in the 
pumping system . Short term variation in the magnetometer 
readings can therefore also be indicative of stroking action . 
[ 0083 ] The sensor ( or collection of sensing components ) 
works in conjunction with a processor . Preferably , the pro 
cessor is integrated with the sensor within the same housing 
to form the sensing device 201 . The processor receives 
signals from the sensor indicative of rotational location or 
vertical motion , and processes them . 
[ 0084 ] The sensing device 201 optionally works in con 
junction with a wireless I / O module 250 . The wireless I / O 
module 250 resides at a stationary location with external 
power , and is located remote from the well where it may 
receive wireless signals from a transmitter associated with 
the processor . The wireless I / O module 250 serves as a 
receiver , and may be placed within the housing of a pump 
off controller at the well site where it can be directly 
connected to a general purpose I / O of the pump - off control 
ler . Alternatively , in the absence of a pump - off controller or 
other SCADA system , the wireless I / O module 250 can be 
connected to a light bulb for stand - alone rotation indication . 
Recall that the rotation of the rod - string 104 is very slow , 
and is subject to intermittent failure . The persistent visual 
indication by the wireless I / O module 250 aids in identifying 
these conditions . 
10085 ] Those of ordinary skill in the art will know that 
many artificial lift units today are controlled by a pump - off 
controller . The pump - off controller starts and stops the pump 
operation based on conditions inferred from the stroke 
dynamics measured through load and position , amperage , 
and optionally other factors . In the presence of a variable 
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speed drive , the pump - off controller adjusts the speed of the 
rod lift system in response to readings from a load cell 207 , 
typically indicative of pump fillage . Pump rate may be 
adjusted by increasing or decreasing power and frequency 
delivered to an electric motor ( such as prime mover 118 ) . 
The pump - off controller may also work in conjunction with 
a timer that determines how many hours an artificial lift 
system 100 will run each cycle . The idle timer is typically set 
by the operator manually based on production records and 
pump fillage . The idle timer is triggered by exceeding the 
operational threshold detected by the pump - off controller . 
[ 0086 ] The processor ( as part of the sensing device 201 ) 
defines a printed circuit board with associated firmware and 
circuitry . The sensing device 201 may compromise a number 
of sensing components such as a barometer , a magnetom 
eter , an accelerometer and / or a gyroscope . A battery and 
enclosure are also provided . A transceiver and associated 
circuitry are provided for connectivity to the wireless I / O 
module 250 . 
[ 0087 ] The processor ( as part of the sensing device 201 ) 
receives signals from the barometer , accelerometer , and / or 
magnetometer . These signals indicate whether the pumping 
unit 110 is running , or " stroking ” by determining vertical 
cyclic motion of the sensing device 201 , and thus the overall 
operation of the pumping system . If the pumping unit 110 is 
running , then the processor knows to expect and detect 
changes in rotational position . It is noted that the direction 
of rotation and the speed of rotation are not critical ; the 
processor ( as part of the sensing device 201 ) is capable of 
determining not only the presence of rotation , but the 
rotational direction and rotational rate without need of 
complete revolutions or knowledge of rotational angle per 
stroke . 
10088 ] As an aside , detecting the direction of rotation in 
the Weatherford system mentioned above is problematic as 
sensing a passing magnet or RFID tag does not provide an 
absolute frame of reference or direction of travel . For the 
detection system of Weatherford ' s ' 113 patent to work , it 
appears that complete revolutions of the body being sensed 
are required . Further , it is believed that the Weatherford 
sensor requires prior knowledge of the rotational angle per 
stroke or the number of strokes per rotation . 
[ 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 then con 
verted 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 . 
[ 0090 ] The processor ( as part of the sensing device 201 ) 
communicates with the wireless I / O module 250 . As with the 
processor , the wireless I / O module 250 defines a printed 
circuit board with associated hardware , firmware and / or 
circuitry . In one aspect , the wireless I / O module 250 
includes a transceiver and microprocessor , along with a 
series of indicator LED ' s and I / O channels . 
[ 0091 ] The wireless I / O module 250 may contain updat 
able firmware that receives signals from a transmitter asso - 
ciated with the sensing device 201 . The signals enable and 
disable I / O channels which can be connected directly to a 
pump - off controller , or a light bulb . The wireless I / O module 

250 may also provide firmware updates to the sensing device 
201 via a wireless connection link 908 . The wireless I / O 
module 250 will also accept connections via Bluetooth , 
Wi - Fi , or other communication channel to enable debug 
ging , troubleshooting , and diagnostics to an operator on - site 
920 . 
[ 0092 ] It is noted here that the wireless I / O module 250 is 
an optional feature . The processor ( as part of sensing device 
201 ) is capable of operating in the absence of the wireless 
I / O module 250 . However , the nature of the sensing device 
201 installation can make cabling problematic . In this 
respect , the sensing device 201 is both rotating and moving 
vertically during rod lift system operation . Furthermore , the 
classified hazardous environment immediately surrounding 
the wellhead makes it desirable to construct any electronics 
in a fully self - contained and intrinsically safe manor . Pro 
viding a separate wireless connectivity module 250 facili 
tates the construction of the sensing device 201 in a fashion 
compatible with the environment surrounding the wellhead , 
and places the outward facing electrical signal connections 
in a safe and convenient location away from the hazardous 
environment . 
[ 0093 ] In practice , the power supplying the wireless I / O 
module 250 may be transient , and so the sensing device 201 
must be capable of providing a fully processed alarm signal 
to the wireless I / O module 250 . The wireless I / O module 250 
may , however , store historical rotation states received from 
the sensing device 201 in non - volatile storage for long - term 
analysis . 
100941 . FIG . 3 illustrates a generic multi - axis sensing 
device 301 . In one aspect , the device 301 is a magnetometer 
and the field 302 is the earth ' s magnetic field . In another 
aspect , the device 301 is an accelerometer and the field 302 
is the earth ' s gravitational field . In still another aspect , the 
device 301 is a gyroscope and the field 302 is at rest , or 
static . A combination of these sensors can provide an abso 
lute orientation of the sensing device 301 and its rate of 
change through the various frames of reference 302 . 
10095 ] The device 301 is designed to sense location or 
position relative to an external field 302 . The external field 
302 may be gravity , it may be the earth ' s magnetic field , or 
it may be any static inertial frame . The illustrated directional 
field lines 302 have both a magnitude and direction , and are 
shown without distortions . An additional discussion of field 
distortions is provided in connection with FIG . 8 , below . 
10096 ] . It is noted that a 3 - axis gyroscope is similar to a 
3 - axis accelerometer , except the frame of reference is a static 
inertial frame . As a result , the indicated field lines 302 would 
not necessarily have a meaning at rest in the context of a 
gyroscope as the magnitude and direction of the gyroscope 
reading measures the change in inertia of the sensor . 
[ 0097 ] The concept of sensor fusion may be invoked when 
more than one sensor is employed . Sensor fusion is the 
process of combining data from multiple sensors to correct 
for deficiencies in the individual sensors . This process can 
provide a more accurate position and orientation for an 
object being sensed . Combining sensor readings can also 
improve the confidence in the desired measurement , such as 
whether the unit is stroking or whether the rods are rotating . 
An example of such sensor fusion would be to observe the 
accelerometer and barometer to see if the peak accelerations 
occur at the same time as the local maximum or local 
minimum pressure . This would strongly indicate the system 
is stroking . Another example may be to observe the wireless 
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receive signal strength indicator ( RSSI ) in conjunction with 
the magnetometer reading . If they are changing over the 
same time period , that adds a level of confidence that the 
sensor is in fact rotating . The individual sensor readings 
indicate rotation , but the combination can help validate that 
conclusion . 
[ 0098 ] It is observed that the polished rod 101 provides a 
simplification to more complex orientation or heading cal 
culations as the polished rod 101 is always perpendicular to 
the earth ' s surface and its motion is bound to two directions , 
to wit , up / down and rotationally about its vertical axis . If , 
however , the polished rod 101 were allowed to move in three 
dimensions , this method would still provide a measure of 
axial rotation . The mathematical calculations would be 
slightly more intensive , but fundamentally the same . 
[ 0099 ] FIG . 4 is a presentation of the earth ' s magnetic 
field . In this view , the earth ' s surface is shown at 401 and the 
sensing device is shown at 403 . The earth ' s magnetic field 
is presented at 402 . The earth ' s magnetic field 402 provides 
a convenient reference frame which is largely perpendicular 
to the orientation of a polished rod 101 in the field . This 
varies greatly with latitude , but should not impact the 
sensing as the magnetometer can provides readings in all 
three dimensions . 
10100 ] A similar scenario exists for the earth ' s gravity , 
which is generally parallel to the axis of rotation for the 
polished rod 101 , and for a stationary inertial reference 
frame , which is relative to the device 403 itself . 
[ 0101 ] By utilizing 3 - axis sensors 403 , and by combining 
the accelerometer and the magnetometer , the reference 
frame can be adjusted to compensate for the field direction 
at any given position on the earth ' s surface 401 . The sensing 
device 403 experiences this magnetic field and its orienta 
tion within the field at any given point in time . The perma 
nent installation on a rod pumped well 100 means that the 
location on the earth 401 is fixed for the duration of the 
operation and , thus , the overall magnetic field is static at that 
location . 
[ 0102 ] When placed onto a polished rod , the sensor 403 is 
not dependent on any other components . Thus , the sensing 
device 201 may be installed anywhere along the polished 
rod or even the uppermost joint of the rod - string 104 so long 
as a position signal can be sent from the sensing device 201 
residing along the rod string to the wireless I / O module 250 . 
[ 0103 ] Referring again to FIG . 2 , torque is applied via the 
lever arm 206 to the ratchet mechanism contained in the 
rotator assembly 207 . An anti - rotational device 208 installed 
on the rod rotator assembly 207 keeps the assembly station 
ary with respect to the carrier bar 209 . 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 . This is critical for sensing instantaneous deflection , 
while attached to a very slowly rotating member . 
[ 0104 ] It is observed that the rod - string in a rotating 
application resembles a torsion bar . A torque is applied at 
surface and travels along the length of the sucker rods . In the 
absence of friction , the rods simply turn in accordance with 
the torque applied by the rod rotation mechanism 207 
through the polished rod 101 . In practice , however , friction 
at some distance from the surface will attempt to resist the 
free rotation of the rod - string 104 . The steel or fiberglass 
rods 104 will then flex , or twist , rotationally until torque 

builds up enough to overcome the down - hole frictional 
resistance to the rotation . This build - up of torque can be 
released rapidly and , in some cases , can over - travel and 
unthread the rod connections . At the very least , this results 
in uneven wear distribution along the rod - string . 
[ 0105 ] FIG . 5 presents a schematic view of a rod - string 
104 undergoing torque buildup . Torque 502 is applied using 
a rod rotator system 503 at the surface , with torque 502 
being imparted down the length of the rod - string 104 . The 
rod string 104 is undergoing torque as indicated by arrow 
501 due to a downhole rotational restriction located at 510 . 
10106 ] In FIG . 5 a down - hole friction resistance has been 
encountered along the rod - string 104 . This is illustrated 
schematically at 510 as a side load . The resistance 510 
represents a point at which the rod - string 104 is wearing 
against the surrounding production tubing . As a result , rod 
rotation is ineffectively distributing wear along the rod 
string . The frictional resistance 510 prevents the free rota 
tion of the rods 104 at a distance from the source 503 of the 
rotational force . The rod section between the rotational 
source 503 and resistance 510 is illustrated by 506 . The 
upper sections of 508 rotate , but the torque build up in the 
rods reduces the effective rotations in the lower sections 509 . 
[ 0107 ] Of interest , rod locations at 505 and 507 do not 
experience torque as they are above the source of rotation , 
and below the frictional resistance , respectively . In the 
absence of a rotational resistance , all sections 505 - 509 
would all rotate evenly and smoothly . 
[ 0108 ] Although the polished rod 101 is rotating at the 
source 503 at a constant rate , the rod sections farther 
down - hole experience periods of increasing torque but no 
rotation due to the friction resistance 506 . Once enough 
torque is applied , illustrated by the rotational twisting stripe 
along the rod - string 104 and the arrows shown as 501 , the 
static friction 510 is overcome and the rods unwind in a short 
period of time . Although the same overall number of total 
rotations may be achieved throughout the rod - string , sec 
tions of rod downhole 507 and 509 ( just above and friction 
point 510 ) will have spent a greater amount of time wearing 
on one side . Once the rods have managed to wear one side , 
the rods will tend to return to this same rotational position 
because of the eccentric wear . 
[ 0109 ] The effective rotation of the downhole section of 
rods 507 and 509 , with respect to wear distribution , is low 
compared to the upper section of rods 508 . In effect , the rod 
sections 507 below friction point 510 experience the same 
total number of absolute rotations as the joints 505 at 
surface , but the rotational restriction causes the lower sec 
tion of rods to spend more time wearing on one side . This is 
detrimental to the longevity of the rod - string 104 and defeats 
the purpose of the rod rotation system . Once the wear 
becomes uneven , it further increases the torque 502 required 
to rotate and overcome the rotational friction 510 , which in 
turn further increases the wear on that side of the rods . Early 
detection of this condition can prescribe treatment and 
mitigation actions . 
[ 0110 ] It has been realized herein that effective rotation 
can be detected using an inertial reference frame at the 
surface ( the polished rod 101 or upper rod - string 505 ) . The 
rod lift system 100 experiences a cyclical tensile loading as 
the fluid load is transferred on and off of the rod - string 104 . 
This differential , longitudinal loading affects the torque 
induced rotational displacement of the polished rod 101 at 
the surface , illustrated by arrow 504 . The magnitude of the 
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rotational acceleration , velocity , and finally displacement 
can be measured through the use of an accelerometer and a 
gyroscope over a single stroke . These measurements , in turn , 
can be compared over many strokes to establish a torque 
buildup and release period and magnitude . 
[ 0111 ] It is proposed herein to utilize one or more sensing 
components on a rotationally limited member such as the 
carrier bar 209 , bridle cables 102 , or larger bridle assembly 
240 . In this approach , the absolute direction of the bridle 
assembly 240 can be measured over time , rather than the 
delta of rotation change during a given stroke utilizing 
inertial sensors . Either method can be accomplished using 
the presented apparatus . 
[ 0112 ] Over time , the torque build - up and release will 
change the magnitude of the rotational oscillations 504 
during a single stroke . As the absolute rod rotation generated 
by a rod rotator 205 is slow relative to the stroke rate , the 
polished rod 201 , rotator 205 , carrier bar 209 and bridle 
cables 102 , together referred to as the bridle assembly 240 , 
all act as a single mass for a given stroke . 
[ 0113 ] As the cyclic fluid load is applied to the rod - string 
104 by the down - hole pump ( seen at 135 in FIG . 1 ) , the 
rod - string 104 will exhibit a small rotational oscillation at 
the surface as the applied tensile load changes . This oscil 
lation is illustrated by arrow 504 . The oscillation occurs 
because the connection from the polished rod 101 to the 
pumping unit 110 is via flexible steel cables 102 . 
[ 0114 ] As the torque builds up , this oscillation 504 will 
change and is detectable using the inertial sensors . When the 
downhole torque is released , i . e . the torque has built up 
enough to overcome the frictional resistance 510 , the tensile 
load induced oscillations 504 will change significantly . This 
is also detectable when monitoring the oscillations 504 over 
time , or by observing an absolute direction change relative 
to the twisted member . From that trend , one can infer the 
severity of the down - hole friction and quantify the “ effec 
tive ” down - hole rotations relative to the absolute number of 
surface rotations . 
[ 0115 ] By observing the magnitude of this intra - stroke 
oscillation 504 in the form of acceleration , rotational veloc 
ity , and rotational displacement derived from the acceler 
ometer and gyroscope , one can determine the severity of the 
down - hole frictional resistance to the rotation . Furthermore , 
this frictional resistance can be correlated to other sources of 
wear data such as deviation surveys and historical failure 
reports . The location of the frictional resistance 510 can then 
be estimated from rod material properties and torque 
buildup . In short , the number of absolute rotations before a 
release can help quantify the torque that was applied . In a 
more practical sense , the trend of torque build - up and release 
over time can help indicate excessive or uneven down - hole 
wear as it develops . Furthermore , the effectiveness of pre 
scribed mitigation actions can be monitored and quantified . 
[ 0116 ] The detection of intra - stroke oscillations 504 can 
be done anywhere on the bridle assembly 240 illustrated in 
200 , not necessarily on the polished rod 101 itself . Although 
the polished rod 101 is rotating within the rod rotation 
assembly 200 , it is doing so extremely slowly . The stroke 
induced rotational deflection 504 occurs fairly rapidly , on 
the order of seconds , while the polished rod 101 rotates in 
terms of minutes or hours . 
[ 0117 ] For convenience of installation , it is desirable to 
combine the instantaneous deflection sensing with the over - 
all rotational sensing into one sensor device . This results in 

a significantly more complex implementation because the 
sensing device 201 itself is rotating . The sensing device 201 
has knowledge of the absolute orientation , but not relative 
orientation related to the rotationally limited bridle assembly 
240 . The processor in the sensing device 201 must then 
determine a dynamic change in deflection 504 , caused by the 
tensile load changes , using inertia rather than an absolute 
deflection . 
[ 0118 ] If the sensing device 201 were located at a rota 
tionally limited location on the carrier bar 209 or the bridle 
cables 102 , then a less complex method of detecting absolute 
deflection may be used . For example , if the sensing device 
201 is fixed to a non - rotating component , the magnetometer 
alone could be used to measure absolute direction ( corre 
sponding to torque induced deflection ) , which could be 
observed over time . This absolute deflection , in and of itself , 
is indicative “ active ” rotation , but only in the presence of 
some varying down - hole rotational resistance that would 
impart a torque on the bridle assembly 240 . 
[ 0119 ] Optionally , when placed on the polished rod , an 
external reference point tied to the bridle assembly 240 
could be used to trigger a magnetometer reading on the 
sensing device at a consistent location relative to the bridle 
assembly . This would allow the sensor to determine the 
absolute orientation of the bridle assembly while the sensor 
itself is rotating independently of the bridle assembly on the 
polished rod . Through a fixed external reference , relative to 
the bridle assembly , the sensing device would then be able 
to observe changes in absolute orientation of the bridle 
assembly that are likely due to torque induced deflection . 
Examples of such reference tied to the bridle assembly could 
be a switch embedded in the sensor that is triggered as the 
sensor passes the bridle cable . The trigger could also take the 
form of reading the magnetic field distortions as the sensor 
nears an external steel component such as a bar attached to 
the bridle cable , the purpose of which is solely to orient the 
sensor relative to the bridle assembly for the purpose of 
measuring absolute bridle deflection while the sensing 
device is rotating independently . This is not necessary if the 
sensing device is placed directly on the bridle assembly , but 
then the ability to detect absolute rotation of the polished rod 
is lost . 
[ 0120 ] An “ effective ” down - hole rotation is defined as a 
rotation that distributes wear over an extended time period 
and evenly over the entire circumference of the rods . Mul 
tiple instantaneous rotations would not be considered “ effec 
tive ” rotations since the frictional force held the rods rota 
tionally stationary during the torque build - up . Quantifying 
“ effective ” down - hole rotations can indicate the effective 
ness of the frictional wear distribution and identify trends 
that could result in premature well failure . 
[ 0121 ] The present rod rotation monitoring apparatus can 
be used to determine the effective , down - hole rotations . In 
this respect , the cyclic loading of the down - hole plunger 
imparts a changing tensile load on the torqued sucker rods , 
which results in a small but visible rotational oscillation 504 
on each pump stroke . In other words , the relative rotational 
displacement at surface changes over a stroke because the 
applied tensile load changes as the fluid load is transferred 
on and off the rod - string due to the down - hole pumping 
action . 
[ 0122 ] Rotational deflection also changes due to the vary 
ing length of bridle cable 102 extended during the stroke of 
the surface unit . This alone is not necessarily an indication 
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of torque induced deflection and must be accounted for . 
Similar to the necessity of measuring the magnetometer at a 
consistent position , discussed further below , the measure 
ment of the rotational deflection change should occur at a 
consistent location during the stroke . Because the rotational 
deflection changes with applied load , the optimal location of 
measurement is near the top or bottom of stroke . The 
rotational displacement oscillates between a relative mini 
mum and relative maximum . From this , one can dynami 
cally quantify the applied torque and identify if , and how 
severe , the down - hole frictional resistance may be . Further 
more , by observing the peak applied torque before a release , 
one can quantify the “ effective ” down - hole rotation count 
relative to the surface rotations . 
[ 0123 ] A magnetometer alone , if properly calibrated , 
could indicate the magnitude of torque induced deflection . 
This approach alone is not strictly possible when the sensor 
is located on the rotating member because the heading is 
changing with rotation . When placed on the rotating mem 
ber , the sensor only has context of absolute orientation , and 
not specifically the relative orientation related to the bridle 
assembly 240 . Therefore , the inertial reference frame is used 
to detect dynamic change in orientation during a given 
stroke . Absolute orientation can only be used , to detect 
torque deflection , relative to the bridle , not relative to the 
rotating polished rod . 
101241 Incidentally , a similar application can be found in 
progressing cavity pumps , which utilize the rotation of the 
rods to drive a down - hole stator element . This method and 
apparatus can be applied to progressing cavity pumps to 
determine varying rotational speed and / or torque build - up 
and release , known as stick - slip . Although the rotational 
rates are much faster in a progressing cavity pump applica 
tion , the inertial rotational and torque measuring concepts 
are virtually identical . Typically , this rotational monitoring 
is accomplished by other means , such as " average ” motor 
RPM ( rather than instantaneous rate of angular velocity ) , 
and is more straightforward in a PC pump application as the 
drive head is stationary while the rods are turning . In the rod 
pump application , the rods are moving up and down in 
addition to rotating . The ability to detect the instantaneous 
angular momentum change , rather than an overall rotational 
speed or average torque , can uncover adverse downhole 
conditions in either lift method . 
[ 0125 ) FIG . 6 shows a process 600 for detecting rotation 
of a rod - string 104 downhole . The detection of rotation 
depends on the stroking state of the surface unit 110 . If the 
surface unit 110 is not stroking , the polished rod 101 will not 
be rotating . For this reason , detection of non - rotation alone 
is not necessarily an indication of a failure of the ratchet 
mechanism 207 . If , however , the surface unit 110 is stroking 
and the polished rod 101 is not rotating , then this is a 
condition to be alarmed . 
[ 0126 ] The process 600 starts with a calibration step . This 
is shown at Block 601 . The purpose of the calibration step 
601 is to ensure that the selected sensor is functioning 
properly . Where more than one sensor is used , then each 
sensor will need testing and set - up . This can be performed 
automatically in some cases , such as the magnetometer . 
[ 0127 ] Calibration of the magnetometer presents a signifi 
cant challenge and differs from traditional operational states 
and applications of magnetometers . Magnetometers are sub 
ject to distortions in the earth ' s magnetic field due to ferrous 
and / or magnetic material near the sensor . These are so - called 

soft and hard iron distortions . In a traditional automotive or 
aviation application of a magnetometer the sensor is cali 
brated in the vehicle with all of the distortion causing 
materials in place . This calibration process generally 
involves rotating the magnetometer through the range of 
directions , recording the readings , and then deriving correc 
tion factors to effectively adjust future readings . Typically 
the field distortions caused by the vehicle do not change , nor 
does the magnetometer come into close proximity to unex 
pected external field distortions . In typical magnetometer 
applications , the field distortions a sensor sees due to sur 
rounding ferrous metal are mostly static for the period of 
observation . This is not the case in the reciprocating rod 
pump application as the sensor travels through a substan 
tially distorted magnetic field . 
[ 0128 ] FIG . 8 illustrates a pumping system . A series of 
magnetic field lines are overlaid at various elevations ( 805 
813 ) and are only shown at distances close to the vertical 
path of the sensor located at 803 . Magnetic field lines are an 
abstract concept and difficult to visualize in three dimen 
sions . FIG . 3 attempts to show this in a greatly simplified 
form , and the field lines 302 are shown without distortion 
effects . 
[ 0129 ] FIG . 8 attempts to illustrate that the field lines are 
distorted by various components , such as the wellhead 801 
and the horsehead 804 . 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 
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 . As 
a result , the sensor cannot simply be calibrated at any single 
elevation ( 805 - 813 ) , unless every subsequent reading is 
taken precisely at that exact same elevation which the sensor 
was calibrated . A dynamic calibration must be performed to 
handle the rapidly changing field conditions , which can 
dominate the desired field readings . 
[ 0130 ] The polished rod and wellhead present a much 
different environment than a typical magnetometer applica 
tion , and bring distinct calibration challenges . First , the 
sensor is attached directly to a large steel bar 802 which 
itself significantly distorts the magnetic field , and can con 
duct or amplify distant field distortions . Typical magnetom 
eter applications recommend isolating the sensor as much as 
possible from surrounding ferrous metals . The field distor 
tions experienced at the polished rod alone are not 
adequately shown in FIG . 8 . In the shown stroke position , 
the field lines at elevation 808 and 809 are in fact distorted 
near the polished rod 802 . FIG . 8 is attempting to show the 
dynamic field variations over the course of a stroke . 
[ 0131 ] It is not practical to manually calibrate the mag 
netometer through traditional orientation ranges as the pol 
ished rod cannot easily be manipulated . But , the nature of 
the system inherently provides rotation , from which the 
sensor can be calibrated . As the sensor only rotates through 
two of the three sensing dimensions , this is an incomplete 
calibration . Fortunately only two of the axes are required for 
calculating the compass heading , and so calibration through 
only the normal operational rotation is acceptable . The 
inherent rotation of the system also presents an opportunity 
to automatically calibrate the sensor . The challenge is to 
determine if the sensor is rotating initially in order to start 
this process . This can be done from an unknown state by 
observing historical readings and detecting changes in the 
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variation of the historical magnetometer samples . In some 
respects , this alone may be sufficient to detect the presence 
of rotation . It is however incomplete and subject to false 
positives as the magnetic field in this application is highly 
dynamic and depends on the location of the sensor relative 
to the various steel components of the pumping system . 
[ 0132 ] The second , and more significant , challenge in 
using a magnetometer directly on the polished rod comes 
from the large distortions in the magnetic field during the 
course of a stroke . Magnetic distortions are present through 
out the stroke and the magnetometer , shown as 803 moves 
through these distortions , as illustrated in FIG . 8 . As a result , 
the calibration of the magnetometer at rest is much different 
from that in motion . 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 posi 
tions during the motion of the sensor . Magnetic field lines 
are shown at various elevations ( 805 - 813 ) along the vertical 
path of the sensor 803 . It can be seen that the magnetic field 
observed by the sensor can be substantially different in both 
direction and magnitude depending on the location of the 
sensor along its path of travel . This can yield significantly 
erroneous readings if not properly addressed through cali 
bration . 

[ 0133 ] Since the polished rod 101 is in motion through 
these various distortions , it is virtually impossible to cali 
brate the magnetometer using a traditional static approach . 
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 . In order 
to dynamically calibrate the sensor , the magnetometer can 
be observed at high frequency during operational conditions 
of one or more strokes . The minimum field reading during 
this operation yields the measure least likely to be distorted , 
and thus is repeatable . The resulting measure is similar to 
attempting to read a single value at the exact same position , 
specifically the one that is least subject to distortions . The 
method of reading the minimum value can however be 
impacted in a stopped state , if for example , the sensor stops 
in any position other than that of the minimum reading . The 
case of no vertical motion can be detected through other 
means , or by looking at the variation in magnetic field 
during the period of high frequency observations . The sensor 
must then eliminate these stopped readings from the cali 
bration phase . Conveniently , a stopped unit inherently 
means there is no rotation , so the sensor does not need to be 
calibrated in a stopped state , only when it is both stroking 
and rotating . Furthermore , the sensing device may incorpo 
rate a number of other sensors that can help identify whether 
the unit is stroking . 
[ 0134 ] Returning to FIG . 6 , once calibrated , the sensor and 
associated processor determines if the sensor and attached 
rod - string are rotating . This is shown in the Query 602 . 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 . Detecting if the unit is stroking requires observ 
ing the vertical motion of the sensor over a shorter time 
period , but at a much higher sample frequency . 
[ 0135 ] If the processor determines that the polished rod is 
rotating , then the process 600 continues to operate . As 

shown in Box 603 , the state is set to “ Rotating . ” The process 
600 then returns to the Query 602 per Line 613 for a next test 
for rotation . 
[ 0136 ] As implied above , when the rods are rotating it is 
not necessary to check for stroking state . This is because the 
rod rotator assembly is dependent on the stroking action of 
the pumping unit ; rotation will only be present when the unit 
is actually pumping . On the other hand , if the processor 
determines that the polished rod is not rotating , then the 
process 600 inquires as to whether the surface unit is 
stroking . This is presented in Query 604 . Without this test 
for unit stroking state , an indication for lack of rotation alone 
might result in a false alarm . 
[ 0137 ] If the processor determines that the surface unit is 
not stroking , then the process 600 moves to Box 606 
according to Line 614 . Box 606 provides that the processor 
shall remain in its last known state . If the rods are not 
rotating and the unit is not stroking , then the current rotating 
state is indeterminate and the last known state 606 should be 
carried forward . The process 600 then moves back to the 
Query 602 per Line 616 . At this point , no alarm is generated 
as the processor is not expecting the ratcheting mechanism 
to be functioning when the surface unit is not stroking . This 
allows for retaining the fault condition notification until it 
has been resolved through the detection of rotation per 
Query 602 . It is preferred to maintain the last known state of 
rotation to prevent false alarms . 
[ 0138 ] . If the processor determines that the rods are strok 
ing , then the process 600 moves to Box 605 . Here , the 
processor moves the set state to Stop . This is considered to 
be a fault condition . An alarm is generated and relayed to the 
operator through the wireless I / O module indicating that the 
ratchet mechanism is not rotating properly . The processor 
600 may then return to the Query 602 per Line 615 for a next 
test for rotation or the processor may be temporarily turned 
off . 
( 0139 ] A calibration step can be periodically preformed 
during rotation and is indicated by 601 . This calibration does 
not detract from the remaining states , as it is performed in 
parallel and can be used for future measurements . As indi 
cated , the calibration step does not take place when the unit 
is not stroking as this could yield skewed , distorted mea 
surements . Further , calibration is not undertaken when the 
sensor is not determined to be rotating as there is no new 
measurements to contribute to the calibration . 
[ 0140 ] A method for monitoring a reciprocating rod lift 
system is also provided herein . FIG . 7 is a flow chart for the 
method 700 . 
[ 0141 ] The method 700 first includes attaching a magne 
tometer to a polished rod . This is shown in Box 710 . The 
attaching may be done by using a clamp , a strap , a bolt or 
perhaps an adhesive . The magnetometer may alternatively 
reside along the bridle assembly 240 . 
[ 0142 ] The method 700 also includes the optional step of 
attaching a barometer , an accelerometer and / or a gyroscope 
to the polished rod . This is provided in Box 720 . Attaching 
the barometer , the accelerometer and / or the gyroscope may 
include attaching these sensors to the polished rod using a 
clamp . In one aspect , the barometer , the accelerometer , the 
gyroscope and the magnetometer are all housed together in 
a single case . 
0143 ] The method 700 further includes calibrating the 
sensor . This is indicated at Box 730 . Calibrating the sensor 
may include making sure each sensor is turned on and is 
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properly working . In the case of the magnetometer , the 
sensor is exposed to a range of orientations and the calibra 
tion measurements are subsequently used to scale future 
readings . In the case of an accelerometer , the sensor must be 
calibrated to true vertical , which also involves exposing the 
sensor to a range of orientations and observing the magni 
tude and direction of the force imparted by gravity . Subse 
quent readings are then adjusted according to the calibration 
offset and scale . 
[ 0144 ] . The method 700 additionally includes providing a 
processor . This is seen in Box 740 . The processor is con 
figured to receive signals from the magnetometer . Where the 
barometer , accelerometer and gyroscope are used , the pro 
cessor is further configured to receive signals from these 
sensors . The processor analyzes the signals , such as in 
accordance with the steps and features outlined above in 
connection with FIGS . 6 and 7 . 
[ 0145 ] The method 700 also includes determining a 
change in radial orientation of the polished rod . This is 
provided in Box 750 . The step 750 is conducted using the 
processor , preferably in accordance with the process of FIG . 
[ 0146 ] Finally , the method 700 comprises generating an 
alarm . This is seen in Box 760 . The alarm is generated in the 
event that the processor determines that rotation of the 
polished rod is not taking place . This alarm is generated only 
when rotation is expected , i . e . , the surface unit is stroking . 
The signal is then relayed electronically to the wireless I / O 
module located near the well for visual or electronic indi 
cation and alarming . 
[ 0147 ] Beneficially , the wireless I / O module may include 
a secondary , or multipurpose , transceiver that sends wireless 
signals to a user device on location such as a phone or tablet . 
Such signals may include the alarm status , rotational or 
torque histories , and sensor battery status . The processor 
preferably resides in the same housing as the sensor along 
the polished rod . The wireless I / O module preferably resides 
near the well , and may be further integrated with on - site 
control equipment . 
10148 ] FIG . 9 illustrates the overall architecture of a rod 
rotation detection system 900 , in one embodiment . The 
system 900 generally includes the sensing device 201 , the 
wireless I / O module 250 , the pump - off controller 915 and , 
optionally , a user display 920 . 
[ 0149 ) First , the sensing device 201 is constructed in 
accordance with the sensing device 201 described above in 
its various embodiments . The sensing device 201 is com 
pletely self - contained and can operate entirely in the absence 
of the remaining components . The sensing device 201 
comprises one or more sensing components such as the 
magnetometer 904 , the barometer 905 , the accelerometer 
906 and / or the gyroscope 907 . 
[ 0150 ] The sensing device 201 includes the associated 
processor 901 . A battery 903 is provided , but could alter 
natively be powered by an external source . The sensing 
device further includes a transceiver 902 for wireless con 
nectivity to the wireless I / O module 250 . The data connec 
tivity path is shown by 908 , which illustrated as a wireless 
link between the sensing device 201 and wireless I / O 
module 250 . Again , this connectivity could be accomplished 
by a hardwire connection directly to the sensor residing on 
the moving equipment . 
0151 ] The wireless I / O module 250 provides connectivity 

to the sensing device 201 , but this could also be accom 

plished with a hardwire connection direct to the sensing 
device 201 . The wireless I / O module 250 may contain a 
series of on - board visual indicators 913 such as LED ' s or 
other on - board display . The transceiver 912 receives mes 
sages from the sensing device , which are then handled by a 
processor 911 . The processor 911 does not necessarily 
modify the content of the messages received from the 
sensing device 201 , but is required to convert the digital 
messages to the appropriate I / O signals 910 , which can then 
be connected to an external device such as a light bulb 914 , 
or an industrial controller 915 associated with the well . 
[ 0152 ] Finally , the wireless I / O module 250 may imple 
ment a multi - protocol transceiver 912 , or a secondary trans 
ceiver for connectivity to a user device 920 such as a phone 
or tablet . This is purely for a diagnostic and troubleshooting 
capability and is not required for the operation of the system 
in general . The wireless link 916 is preferably Bluetooth or 
Wi - Fi . Alternatively , the sensor could provide this link 
directly , bypassing the wireless I / O module 250 . It is pre 
ferred to keep the sensor asleep as much as possible to 
conserve battery life . As a result , the sensor may not be 
available instantaneously to accept incoming connections 
from a user device . The intermediary wireless I / O module 
250 provides an " always available " connection option to 
accept connections from the sensing device or user device . 
[ 0153 ] The nature of the communication link 908 between 
the sensing device 201 and wireless I / O module 250 pro 
vides an additional indication of rotation . The signal strength 
of the radio transmission , known as the Receive Signal 
Strength Indicator ( RSSI ) varies as the transmission path 
becomes obscured by the polished rod during a rotation . The 
sensing device is closely attached to the polished rod and as 
such , the transmit antenna is also located near the steel 
polished rod . The wireless I / O module is presumably located 
at a fixed position making the signal path between the two 
devices relatively stable . The variation in RSSI is then 
dominated by the position of the sensing device ' s antenna 
relative to the polished rod as the polished rod may partially 
block the transmission path 908 from the sensor to the 
wireless I / O module . Cyclic dips in the RSSI can indicate 
rotation , or can be used to double - check the rotational 
indicator derived from the individual sensors on the sensing 
device . Furthermore , correlating the RSSI to the sensing 
device direction can optimize the transmission scheduling 
such as correlating transmissions with a rotational orienta 
tion associated with the best signal . In other words , transmit 
at a given angle that is known to have good signal quality . 
[ 0154 ] As can be seen , an improved apparatus and method 
for detecting rotation of a polished rod is provided . The 
apparatus detects the absolute device orientation relative to 
the earth and , thus , does not require a secondary element to 
detect rotation . As the device orientation changes , the com 
pass heading , gravity , or inertial vectors will indicate both 
the direction and magnitude of the rotational motion over 
time . 
[ 0155 ] The sensor of the present apparatus need only be 
attached to the rotating element ; no separate external sensing 
component is required . This is because the device senses its 
own orientation within a pervasive gravity force , magnetic 
field , or inertial reference frame , and not the proximity to 
another element . 
[ 0156 ] As designed , the apparatus is immune to problems 
associated with rod float . During operation , the rod rotating 
mechanism is not positively attached to the polished rod ; 
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rather , the ratcheting mechanism relies on a frictional inter 
face with the polished rod and gravity to transfer the 
rotational motion to the rod - string . As a result , rotation of the 
ratcheting mechanism does not necessarily indicate that the 
rod - string itself is also rotating . A condition known as rod 
float occurs when the rods fall slower than the down - stroke 
of the surface unit . Under this condition , the frictional 
contact is lost and torque is not transferred from the ratch 
eting mechanism to the rod - string . 
[ 0157 ] Other dynamic and less visible conditions can also 
cause the rotator system and rod - string to become briefly 
separated and torque lost . By attaching the sensor directly to 
the polished rod , rotational motion is positively identified . 
Furthermore , since the sensor does not require any external 
device alignment , it will continue to function even as the 
rod - string floats vertically relative to the rod rotator system 
itself . Detecting proximity to an external device , as with the 
’ 113 patent , could provide a false positive in this condition . 
[ 0158 ] By sensing rod position relative to the earth ' s 
magnetic and / or gravitational field , absolute orientation of 
the polished rod can be determined at any given point 
through the rotation . Partial or incomplete rotations can be 
detected , and the trend in the orientation change over time 
can uncover transient issues . Total number of rotations and 
the rate at which the device is rotating can easily be 
determined and subsequently indicated through visual or 
electronic means should the operator so desire . However , 
this is not necessary to detect whether the ratcheting mecha 
nism is operating properly . 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 . 
[ 0159 ] 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 irrespec 
tive of any external positioning . This can be optimized to 
historical rotational rates , deducting idle periods to help 
conserve battery life . 
[ 0160 ] Further , variations of the rod rotation detection 
apparatus and method may fall within the spirit of the 
claims , below . It will be appreciated that the inventions are 
susceptible to other modifications , variations and changes 
without departing from the spirit thereof . 

I claim : 
1 . An apparatus for monitoring a rod lift system at a well , 

comprising : 
a sensor placed on the rod lift system , wherein the sensor 

is configured to generate a signal indicative of radial 
orientation of a rod - string extending down into the 
well ; and 

a processor configured to : 
receive electrical signals from the sensor indicative of the 

rate of rotation of the rod - string ; and 
generate an alarm if the rod lift system is operational but 

invalid rotation of the polished rod is detected . 
2 . The apparatus of claim 1 , wherein the sensor and the 

processor are located together in a housing , serving as an 
integrated sensing device . 

3 . The apparatus of claim 1 , further comprising : 
an I / O module located remote from a wellhead associated 

with the well , wherein the I / O module is in electrical 
communication with the processor . 

4 . The apparatus of claim 3 , wherein the processor is in 
electrical communication with the I / O module by means of 
( i ) a wired connection , or ( ii ) a wireless communication link . 

5 . The apparatus of claim 4 , wherein : 
the I / O module is located proximate a pump - off controller 

associated with the well ; and 
the processor is configured to determine an absence of 

change in orientation of the polished rod over a period 
of time , and send a signal as the alarm to the pump - off 
controller located proximate the well . 

6 . The apparatus of claim 3 , wherein : 
the processor is in electrical communication with the I / O 
module by means of a wireless communication link ; 
and 

is configured to monitor a signal strength of the commu 
nication link , and identify rotation of the polished rod 
by virtue of signal strength being obscured as the 
sensor rotates around a distal side of the polished rod . 

7 . The apparatus of claim 1 , wherein the radial position of 
the rod - string is either absolute radial position or relative 
radial displacement . 

8 . The apparatus of claim 7 , wherein : 
the sensor is positioned ( i ) on a rod - string of the rod lift 

system , or ( ii ) or a bridle assembly of the rod lift 
system ; and 

the sensor comprises a magnetometer . 
9 . The apparatus of claim 8 , wherein the processor is 

further configured to : 
generate the alarm if rotational travel of the polished rod 
over a given period of time is different than an expected 
value . 

10 . The apparatus of claim 9 , wherein the expected value 
is based on a historic rotation rate during periods of active 
rotation . 

11 . The apparatus of claim 8 , wherein the processor is 
further configured to : 

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 . 

12 . The apparatus of claim 8 , wherein the sensor further 
comprises an accelerometer , a barometer , a gyroscope , or 
combinations thereof . 

13 . The apparatus of claim 12 , wherein : 
the processor is further configured to receive signals 

advising as to whether the rod lift system is stroking 
14 . The apparatus of claim 13 , wherein the barometer , the 

accelerometer , or the magnetometer sends signals to the 
processor indicative of linear position of the polished rod 
and inferred periods where rotation is expected . 

15 . The apparatus of claim 12 , wherein : 
the sensing device resides on the bridle assembly ; and 
the bridle assembly is located over and operatively con 

nected to a polished rod ; 
the polished rod is mechanically connected to a rod string ; 
and 

the processor is configured to receive signals from the 
sensor indicative of instantaneous rotational deflection 
of the bridal assembly during stroking , and process 



US 2019 / 0203579 A1 Jul . 4 , 2019 
13 

those signals to detect intra - stroke torsional deflection 
over time , indicating a buildup of torque in the rod 
string . 

16 . The apparatus of claim 15 , wherein the processor is 
further configured to : 

generate the alarm if torque induced deflection is detected 
17 . The apparatus of claim 1 , wherein the processor is 

further configured to : 
determine torque buildup and release ; and 
generate the alarm if torque buildup and release is 

detected 
18 . A method for monitoring a rod lift system , compris 

ing : 
placing a sensing device onto a rod lift system of a well , 

the sensing device comprising at least one sensor ; 
generating signals from the at least one sensor indicative 

of radial orientation of a rod - string extending down into 
the well ; 

receiving electrical signals at the processor indicative of 
rotational rate of the rod - string ; 

further receiving signals at the processor advising as to 
whether the rod lift system is operational ; and 

using the processor , generating an alarm signal if the rod 
lift system is operational but invalid rotation of the 
polished rod is detected . 

19 . The method of claim 18 , wherein the sensor and the 
processor are located together in a housing , serving as an 
integrated sensing device . 

20 . The method of claim 19 , wherein : 
the processor is in electrical communication with a wire 

less I / O module ; and 
the wireless I / O module is located remote from a wellhead 

associated with the well . 
21 . The method of claim 20 , wherein the processor is in 

electrical communication with the I / O module by means of 
( i ) a wired connection , or ( ii ) a wireless communication link . 

22 . The method of claim 21 , wherein : 
the I / O module is located proximate a pump - off controller 

associated with the well ; and 
the processor is configured to determine an absence of 

change in orientation of the polished rod over a period 
of time , and send a signal as the alarm to the pump - off 
controller located proximate the well . 

23 . The method of claim 21 wherein 
the processor is in electrical communication with the I / O 
module by means of a wireless communication link ; 
and 

is configured to monitor a signal strength of the commu 
nication link , and identify rotation of the polished rod 
by virtue of signal strength being obscured as the 
sensor rotates around a distal side of the polished rod . 

24 . The method of claim 18 , wherein the radial position 
of the rod - string is either absolute radial position or relative 
radial displacement . 

25 . The method of claim 24 , wherein : 
the sensor is positioned ( i ) on a rod - string of the rod lift 

system , or ( ii ) or a bridle assembly of the rod lift 
system ; and 

the sensor comprises a magnetometer . 
26 . The method of claim 25 . wherein the processor is 

further configured to : 

generate the alarm if rotational travel of the polished rod 
over a given period of time is different than an expected 
value . 

27 . The method of claim 26 , wherein the expected value 
is based on a historic rotation rate during periods of active 
rotation . 

28 . The method of claim 27 , wherein the processor is 
further configured to : 

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 . 

29 . The method of claim 25 , wherein the sensor further 
comprises an accelerometer , a barometer , a gyroscope , or 
combinations thereof as sensing components 

30 . The method of claim 29 , wherein : 
the processor is further configured to receive signals 

advising as to whether the rod lift system is stroking 
31 . The method of claim 30 , wherein ; the barometer , the 

accelerometer , or the magnetometer sends signals to the 
processor indicative of linear position of the polished rod 
and inferred periods where rotation is expected . 

32 . The method of claim 29 , wherein : 
the sensing device resides on the bridle assembly ; and 
the bridle assembly is located over and operatively con 

nected to a polished rod ; 
the polished rod is mechanically connected to a rod string ; 

and 
the processor is configured to receive signals from the 

sensor indicative of instantaneous rotational deflection 
of the bridal assembly during stroking , and process 
those signals to detect intra - stroke torsional deflection 
over time , indicating a buildup of torque in the rod 
string . 

33 . The method of claim 32 , wherein the processor is 
further configured to : 

generate the alarm if torque induced deflection is detected 
34 . The method of claim 25 , further comprising : 
calibrating the magnetometer during periods of active 

rotation 
35 . An apparatus for monitoring a rod lift system at a well , 

comprising : 
a sensor placed on a rod - string of the rod lift system , 

wherein the sensor generates a signal indicative of 
radial position of the rod - string ; and 

a processor configured to : 
receive signals from the sensor indicative of at least 

partial rotation of the rod - string ; and 
generate an alarm if the rod lift system is stroking but 
no rotation of the polished rod is detected ; 

wherein the sensor and the processor are located together 
in a housing , serving as an integrated sensing device . 

36 . The apparatus of claim 35 , wherein the radial position 
of the rod - string is either absolute radial position or relative 
radial displacement . 

37 . The apparatus of claim 36 , wherein the rod lift system 
is a rotating rod lift system that employs a progressing cavity 
pump below the rod string downhole . 

38 . The apparatus of claim 36 , wherein the rod lift system 
is a reciprocating rod lift system that employs a positive 
displacement pump below the rod string downhole . 

* * * * * 


