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CONFIDENTIAL

US Patent 11,408,271 B2
Granted Aug 9, 2022 

Well pump diagnostics using multi-physics sensor data

A method includes receiving acoustic signals from one or more acoustic sensors that are 
coupled to a beam pump unit.  The method also includes identifying a frequency of the beam 
pump unit in the acoustic signals. The method also includes detecting an outlier in the acoustic 
signals based at least partially upon the identified frequency. The outlier represents an 
operational issue with the beam pump unit.

Brief Description of Claim Granted 

Business Relevance 

Beam pumps are used to provide artificial lift in wells, allowing producing of hydrocarbons from 
the wells. The method is popular because of its simplicity, reliability, and applicability to a wide 
range of operating conditions. However, beam pumps are prone to inefficiency from a variety of 
issues that can be difficult to diagnose. 

Well shutdowns caused by delayed equipment diagnostics may result in lost production and 
health, safety, and environmental (HSE) issues. 

The ability to identify beam pumping operating conditions may thus enhance oil well profitability 
over the long-term.
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CONFIDENTIAL

US Patent 11,560,784 B2
Granted Jan 24, 2023 

A method for detecting operational issues in a beam pump unit is disclosed. 
The method includes receiving sensor data representing a position of and a 
load on the beam pump unit using a sensor coupled to the beam pump unit, 
generating a surface Dynacard based on the sensor data, predicting a source 
of inefficiency in the beam pump unit based at least in part on the surface 
Dynacard using a machine learning algorithm, and identifying one or more 
corrective actions to take to address the source of inefficiency.

Brief Description of Claim Granted 

Business Relevance 

Dynamometer Cards considered as gold standard in determining the operating 
health condition of the Surface and subsurface pump. 

Dynamometer measurements are manual operation, and it requires a technician visit 
to wellsite, stopping the pump and acquire test. Test data is not interpreted 
automatically. Often lacking vital inputs related to the well completion, fluid 
composition and production rate. Not reliable 

 Achieving this measurements and diagnosing on the well site automatically 
eliminates human error, reduce windshield time for driving to location. It is available 
any time anywhere,  with the fraction of the cost of conventional Echometer surveys

4



CONFIDENTIAL

US Patent 11,542,809 B2
Granted Jan 3, 2023 

POILISHED ROD LOAD CELL

An apparatus for measuring strain in a polished rod of a beam pump unit includes a 
body having an upper wide section , a lower wide section , and a narrow section 
having a reduced width in comparison to each of the upper and lower wide sections . 
A bore is formed in the narrow section . The apparatus also includes at least two 
connectors configured to connect the body to the rod . The bore is positioned 
between the two connectors in a direction that is parallel to an axis of the rod . The 
apparatus further includes a strain gauge positioned in the bore , to measure strain in 
the rod between the two points of connection .

Brief Description of Claim Granted 

Business Relevance 

Polished Rod Load Cell is the vital component of the beam pumping condition monitoring, 
well production performance monitoring and diagnostics. Conventional technology is using 
either a wired horseshoe type or canister type load cells. Installation require oilfield crane, and 
removal of horse head, labor intensive costly operation. Run life, reliability is low due to 
susceptibility of cable damage, cut.

Noven wireless load cell does not require well intervention. It is easily installed using 
proprietary clamp elements designed for each rod size. Extreme load bearing capability acts 
as secondary safety barrier to prevent rod string to slipped. Low power battery operation 
makes its applicable even in gas powered pump units. 

Noven Load Cell is a combo device including force and position measurements in one sensor. 
Easy to deploy, unlimited Dynacard measurements available remotely. Cost effective and 
smart sensor designed for future proof IIoT technology platform
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CONFIDENTIAL

US Patent 11,572,770 B2
Granted Feb 7, 2023 

An apparatus includes a body first and second clamping mechanisms that are 
configured to grip a tubular member of a beam pump unit at first and second axially-
offset locations along the tubular member, respectively. The body also includes a base 
positioned at least partially between the first and second clamping mechanisms. The 
apparatus also includes a strain gauge coupled to the base and configured to measure 
a strain on the tubular member as the tubular member moves. The apparatus also 
includes an accelerometer configured to measure an acceleration of the beam pump 
unit as the beam pump unit operates.

Brief Description of Claim Granted 

Business Relevance 

Beam pumping is the most widely used type of artificial lift method for oil and gas wells. 
Typical methods for analyzing the performance of the beam pump unit are based on 
Gilbert's development of the beam pump dynamometer. Using those methods, the load on 
the polished rod is recorded graphically as a function of its travel to generate a chart that 
shows the work undertaken at the surface unit for each pump stroke. Old technology

With the advent of high-performance digital data acquisition systems, attention has been 
directed to a more complete analysis of the performance of the beam pump unit. However, 
traditional Supervisory Control And Data Acquisition (SCADA) systems generally have a 
large footprint at the wellsite, and rely on a costly field-level, local telecommunication 
infrastructure. In addition, such SCADA systems are oftentimes not compatible with 
computing systems used at the wellsite. Therefore, it would be beneficial to have an 
improved system and method for analyzing the performance of a beam pump unit. 6



CONFIDENTIAL

US Patent 11,560,045 B2
Granted Nov. 22, 2022 

Two Point Polished Road Load Sensing System
An apparatus includes a first clamping mechanism configured to grip a tubular 
member at a first location along the tubular member. The apparatus also 
includes a second clamping mechanism configured to grip the tubular 
member at a second location along the tubular member that is axially-offset 
from the first location. The apparatus also includes a base positioned between 
the first and second clamping mechanisms. The apparatus also includes a 
strain gauge coupled to the base

Brief Description of Claim Granted 

Business Relevance 

Beam pumping is the most widely used type of artificial lift method for oil and gas 
wells. A beam pump unit typically includes three segments: a surface unit, a rod 
string, and a subsurface pump. Dynamometer surveys are performed to capture 
load measurements on the beam pump unit. 

The load measurements may provide insight into the volumetric efficiency, 
mechanical integrity, and operating efficiency of the beam pump unit. 
Dynamometer surveys are typically performed using either a transducer placed on 
the rod string, or a horseshoe load cell placed between the carrier bar and the 
polished rod clamp. However, installation of such transducers may be expensive 
and labor-intensive, and may involve shutting down the beam pump unit for hours 
or days. Therefore, it would be beneficial to have an improved system and method 
for capturing relative load measurements on a beam pump unit.
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