aW‘m%WWJM/&WWﬁW.

grants to the person(s) having title to this patent the right to exclude others from making,
using, offering for sale, or selling the invention throughout the United States of America or

importing the invention into the United States of America, and if the invention is a process,

of the right to exclude others from using, offering for sale or selling throughout the United

States of America, products made by that process, for the term set forth in 35 U.s.c. 154(a)(2)
or (c)(1), subject to the payment of maintenance fees as provided by 35 U.s.C. 41(b). See the

Maintenance Fee Notice on the inside of the cover.

DirecTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE




(12) United States Patent
Sengul et al.

(54) WELL PUMP DIAGNOSTICS USING
MULTI-PHYSICS SENSOR DATA

(71) Applicant: Noven, Inc., Houston, TX (US)

(72) Inventors: Mahmut Sengul, Houston, X (US);
Mario Ruscev, Houston, TX (US);
Karim Boudah, Houston, TX (US);

Juan Felipe Arjona, Houston, TX (US)

(73) Assignee: NOVEN, INC., Houston, TX (US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 114 days.

(21) Appl. No.: 16/898,639
(22) Filed: Jun. 11, 2020

(65) Prior Publication Data

US 2020/0392834 Al Dec. 17, 2020

Related U.S. Application Data

V0 O 0D 00 A

US011408271B2

10) Patent No.: US 11,408,271 B2
45) Date of Patent: Aug. 9, 2022

(58) Field of Classification Search
GG E21B 47/009; E21B 47/007; E21B 47/06;
E21B 47/12; E21B 47/18
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
3,343,409 A 10/1966 Gibbs
3,464,276 A 9/1969 Leibert
3,635,081 A 1/1972 Gibbs
3,951,209 A 4/1976 Gibbs
4,490,094 A 12/1984 Gibbs
4,509,901 A 4/1985 McTamaney et al.
4,932,253 A 6/1990 McCoy
4989671 A * 2/1991 Lamp .................... E21B 43/121
137/624.2
5.167,490 A 12/1992 McKee et al.
5,252,031 A 10/1993 Gibbs
5,464,058 A 11/1995 McCoy et al.
5,941,305 A 8/1999 Thrasher et al.
6,176,682 Bl 1/2001 Mills
(Continued)
FOREIGN PATENT DOCUMENTS
AU 2004316883 B2 9/2005
EP 3118409 Bl 7/2016
WO 2009/005876 A2 1/2009

Primary Examiner — Franklin D Balseca

(74) Attorney, Agent, or Firm — MH2 Technology Law
Group LLP

) ABSTRACT

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.

15 Claims, 14 Drawing Sheets

SUCKER ROD PUMP
ELL DIAGNOSTICS USIN
ACQUSTIC SENSOR

}802
G b~

806

=)
NO -
OPERATING FAILURE ) @

YES

810 812

) J
OK —
PERFORMANCE NORMAL ) @

,/‘
0 GEAR BOX

UNDERPERFORMING 818

Pt

814

INTEGRITY

(60) Provisional application No. 62/859,979, filed on Jun.
11, 2019, provisional application No. 62/360,038,
filed on Jun. 11, 2019.
(51) Imt. CL
E21IB 47/009 (2012.01)
E21IB 47/06 (2012.01)
E2IB 47/007 (2012.01)
E21IB 47/18 (2012.01)
(52) S.LCL
(L . E21B 47/009 (2020.05); E21B 47/007
(2020.05); E21B 47/06 (2013.01); E2IB 47/18
(2013.01)
800\
:
804
.
COMPILE
SENSOR
:l DATA
816
g
@ MOTOR
ISSUES
8)24

WELL KEAD

M

PUMPFING

SOURCE?
UNI |

-

- ————t)

POLISHED
ROD
SUCKER
ROD




