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FIG. 1

conductor (37) and an armor strip (45) wrapped in helical turns around the conductor. The armor strip has
a steel layer (47) and a first polymer layer (49) bonded to a first side of the steel layer. Each of the helical
turns of the armor strip overlaps with another of the helical turns, causing the first polymer layer of each of
the helical turns to form a seal with of a next one of the helical turns. A second polymer layer (53) may be
bonded to a second side of the steel layer. The second polymer layer of each of the helical turns overlies in
sealing contact with the first polymer layer of the next one of the helical turns.
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Field of the Disclosure:

[0002] This disclosure relates in general to power cables for electrical submersible pumps
(ESP) for wells and in particular to having an outer armor strip wrapped helically around the
power cable, the outer armor strip having a steel layer sandwiched between inner and outer

polymer layers that are bonded to the steel layer.
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Background:

[0003] Electrical submersible pumps (ESP) are often used to pump fluids from hydrocarbon
wells. An ESP normally includes a motor, a pump, and a pressure equalizer or seal section that
reduces a pressure differential between well fluid on the exterior and dielectric lubricant in the
motor interior. A power cable extends from the wellhead to the motor to supply power. The
power cable may be strapped to production tubing that supports the ESP, or it may be located
within coiled tubing that supports the ESP.

[0004] A typical power cable has three copper conductors, each conductor surrounded by
one or more layers of insulation, including heat resistant EPDM insulation. A jacket of oil
resistant EPDM may encase the three conductors. An armor of galvanized or stainless steel
formed in a strip wraps helically around the jacket.

[0005] If the power cable is to be used in wells that produce hydrogen sulfide gas, each
conductor may have a sheath of lead. Each lead sheath serves as a barrier layer to prevent
hydrogen sulfide gas from permeating under pressure through the insulation layers into contact
with the copper conductors. If the gas reaches the copper conductors, it can corrode them.
Also, when retrieving the ESP, if hydrogen sulfide gas has permeated through the insulation
layers, the rapid decrease in well pressure can cause explosive decompression damage. While
lead sheaths work well, they add weight to the power cable and cause environmental concerns

during manufacturing.
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Summary

[0006] A power cable for an electrical submersible well pump has at least one insulated
conductor. An armor strip is wrapped in helical turns around the insulated conductor. The
armor strip has a steel layer and a first polymer layer bonded to a first side of the steel layer.
Each of the helical turns of the armor strip overlaps with another of the helical turns, causing the
first polymer layer of each of the helical turns to form a seal with of a next one of the helical
turns.

[0007] In one embodiment, a layer of adhesive that bonds the first polymer layer to the first
side of the steel layer.

[0008] A second polymer layer may be bonded to a second side of the steel layer. The
second polymer layer of each of the helical turns overlies in sealing contact with the first
polymer layer of the next one of the helical turns. A second adhesive layer may be used to bond
the second polymer layer to the second side of the steel layer.

[0009] In the embodiments shown, the power cable has three insulated conductors. Each of
the helical turns of the armor strip wraps around all three of the insulated conductors. An
elastomeric jacket encases the three insulated conductors. Each of the helical turns of the armor
strip wraps around the jacket.

[00010] The polymer layer or layers may comprise a fluoropolymer.

[00011] In one embodiment, the steel layer has a thickness in the range from 0.015 inch to
0.034 inch, and the thickness of the polymer layer is in the range from 0.010 inch to 0.025 inch.
[00012] If only one polymer layer is employed, the polymer layer of each of the helical turns

is in contact with and forms a seal with the steel layer of a next one of the helical turns.
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Brief Description of the Drawings:

[00013] So that the manner in which the features, advantages and objects of the disclosure, as
well as others which will become apparent, are attained and can be understood in more detail,
more particular description of the disclosure briefly summarized above may be had by reference
to the embodiment thereof which is illustrated in the appended drawings, which drawings form a
part of this specification. It is to be noted, however, that the drawings illustrate only a preferred
embodiment of the disclosure and is therefore not to be considered limiting of its scope as the
disclosure may admit to other equally effective embodiments.

[00014] Fig. 1 is a schematic view of an ESP installation with a power cable in accordance
with this disclosure.

[00015] Fig. 2 is a transverse sectional view of the power cable of Fig. 1.

[00016] Fig. 3 is a side view of a portion of the power cable of Fig. 2, illustrating an outer
armor strip wrapped helically around an elastomeric jacket of the power cable.

[00017] Fig. 4 is an enlarged sectional view of an overlapping portion of the outer armor strip.
[00018] Fig. S is an schematic view illustrating steel and polymer sheets used to manufacture
the outer armor strip.

[00019] Fig. 6 is an enlarged sectional view of an overlapping portion of an alternate

embodiment of an outer armor strip.
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Detailed Description of the Disclosure:

[00020] The methods and systems of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown. The
methods and systems of the present disclosure may be in many different forms and should not be
construed as limited to the illustrated embodiments set forth herein; rather, these embodiments
are provided so that this disclosure will be thorough and complete, and will fully convey its
scope to those skilled in the art. Like numbers refer to like elements throughout.

[00021] Tt is to be further understood that the scope of the present disclosure is not limited to
the exact details of construction, operation, exact materials, or embodiments shown and
described, as modifications and equivalents will be apparent to one skilled in the art. In the
drawings and specification, there have been disclosed illustrative embodiments and, although
specific terms are employed, they are used in a generic and descriptive sense only and not for the
purpose of limitation.

[00022] Referring to Fig. 1, a well 11 has casing 13 that is perforated or has other openings to
admit well fluid. An electrical submersible pump (“ESP”) 15 is illustrated as being supported on
production tubing 17 extending into well 11. Alternately, ESP 15 could be supported by other
structure, such as coiled tubing. Although shown installed vertically, ESP 15 could be located
within an inclined or horizontal section of well 11. The terms “upper”, “lower” and the like are
used herein only for convenience, because ESP 15 can be operated in inclined or horizontal
sections of a well.

[00023] ESP 15 has several modules, including a motor 19, normally a three-phase electrical

motor. A motor protector or seal section 21 connects to motor 19 and has flexible components,
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such as a bladder, for reducing a pressure differential between lubricant in motor 19 and the
hydrostatic pressure of well fluid. Seal section 21 may be mounted to an upper end of motor 19
or alternately to a lower end. An optional gas separator 23 connects to the upper end of seal
section 21 in this example.

[00024] A pump 25 connects to gas separator 23 if one is employed; if a gas separator is not
used, pump 25 may connect to seal section 21, as shown, or to motor 19. Pump 25 has a well
fluid intake 27 that will be in gas separator 23 if one is used, and if not, at a base of pump 25.
Pump 25 is normally a rotary pump, such as a centrifugal or progressing cavity pump, but it
could be a reciprocating pump. The connections between the modules of ESP 15 are shown as
bolted flanges, but they could be threaded connections.

[00025] A power cable 29 extends from a wellhead (not shown) alongside tubing 17 for
supplying power to motor 19. Spaced apart clamps 31 (only one shown) secure power cable 29
to production tubing 17. A motor lead 33, which may be considered to be a lower part of power
cable 29, connects to a lower end of power cable 29 by a splice 35 in this example. Motor lead
33 extends alongside ESP 15 and has an electrical connector 37 on its lower end that secures to a
receptacle at the upper end of motor 19. Splice 35 is illustrated at the upper end of pump 25, but
it could be a considerable distance above pump 25. Motor lead 33 often has a length from 80 to
90 feet. If the ESP is suspended on coiled tubing, the power cable would extend through the
coiled tubing, and the motor would normally be at the upper end of the ESP.

[00026] Referring to Fig. 2, in this example, power cable 29 has a circular shape in transverse
cross section. Power cable 29 has three copper conductors 39 for supplying electrical power to

motor 19 (Fig. 1). Additional wires could also be located in power cable 29 for conveying
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signals to and from sensors of ESP 15. Further, capillary tubes for conveying fluid could be
within power cable 29.

[00027] Conductors 39 are spaced 120 degrees apart from each other. If power cable 29 is
flat, such as in motor lead 33, insulated conductors 39 would be side by side, with their
centerlines in a single plane. Each conductor 39 has one or more insulation layers 41, which
could be different conventional materials, including heat resistant EPDM (ethylene propylene
diene monomer) rubber. In this example, a jacket 43 is extruded over the three insulated
conductors 29. Jacket 43 could be of different conventional materials, such as an oil resistant
EPDM.

[00028]  An outer armor strip 45 wraps tightly around the cylindrical exterior of jacket 43. As
shown in Fig. 3, outer armor strip 45 wraps helically around jacket 43 (Fig. 2). Each turn T1,
T2, T3 overlaps with the turn previously wrapped around jacket 43, creating an overlapped area
48 at each turn, as indicated by the dotted lines in Fig. 3. Turn T1 overlaps with turn T2, and
turn T2 overlaps with turn T3. The width of overlapped area 48 can vary, but may be about 40%
of the width 46 of outer armor strip 45. A typical width 46 is constant and about ¥z inch.
[00029] Fig. 4 schematically illustrates overlapped area 48 between turn T1 and turn T2. The
thickness of outer armor strip 45 is greatly exaggerated. Prior to wrapping outer armor strip 45
around jacket 43, outer armor strip 45 may be flat when viewed in a transverse sectional plane,
having no outward or inward turned side edges or lips. As outer armor strip 45 wraps around
jacket 43, it will deflect and curve because of overlapped area 48 of each turn.

[00030] Outer armor strip 45 includes a steel layer 47, typically galvanized or stainless steel.
An inner polymer layer 49 is bonded to the inner side of steel layer 47, such as by an inner

adhesive layer 51.  An outer polymer layer 53 is bonded to the outer side of steel layer 47, such
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as by an outer adhesive layer 55. Inner and outer polymer layers 49, 53 may be the same type of
material and are preferably fluoropolymers. Examples of suitable fluoropolymers include:
PTFE (polytetrafluoroethylene); PFA (perfluoroalkoxy alkane); and FEP (fluorinated ethylene
propylene).

[00031] Polymer layers 49, 53 have the same widths as the width of steel layer 47. The
thickness of steel layer 47 may be in the range from 0.015 inch to 0.034 inch, which is typically
the thickness of conventional outer armor strips. The thickness of each polymer layer 49, 51
may be in the range from 0.010 inch to 0.025 inch.

[00032] When turn T2 wraps over turn T1, inner polymer layer 49 of turn T2 will be in tight
flush contact with outer polymer layer 53 of turn T1 in the overlapped area 48. In part of the
non-overlapped portion, inner polymer layer 49 of turn T2 will be in contact with elastomeric
jacket 43. The tight contact between inner and outer polymer layers 49, 53 in the overlapped
area 48 forms a seal that prevents the ingression of well fluid, including hydrogen sulfide gas.
Hydrogen sulfide gas can permeate through inner and outer polymer layers 49, 53, but not
through steel layer 47. Optionally, inner and outer polymer layers 49, 53 could have adhesive on
their outer surfaces that would cause bonding to each other in the overlapped areas. The gasket
formed by inner and outer polymer layers 49, 53 may eliminate the need for lead sheaths around
insulated conductors 39 (Fig. 2).

[00033] Fig. S illustrates one example of manufacturing outer armor strip 45. First, one side
of each fluoropolymer sheet 59, 61 is chemically etched so that it is bondable to a steel sheet 57
by the use of an adhesive. Then steel sheet 57 is sandwiched and laminated between the two
adhesive-coated fluoropolymer sheets 59, 61. The composite sheet is then sliced to the desired

width for armor strip 45. An exterior layer (not shown) of adhesive could be applied to the
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exterior side, which is the side not in contact with steel sheet 57, of one or both of the
fluoropolymer sheets 59, 61.

[00034] Fig. 7 schematically illustrates an alternate embodiment of an outer armor strip 63.
Steel layer 65 and polymer layer 67 may be the same materials as in the first embodiment, and
polymer layer 67 may be bonded to steel layer 65 in the same manner as in the first embodiment.
In the second embodiment, there is only one polymer layer 67 bonded to steel layer 65. Polymer
layer 67 is illustrated as being on the inner side of steel layer 47, but it could be on the outer side.
Wrapping outer armor strip 63 in a turn T1 places polymer layer 67 in tight sealing contact with
jacket 43 in overlapped area 48. The second turn T2 places polymer layer 67 of turn T2 in tight
sealing contact with the outer side of steel layer 65 of turn T1. The contact of polymer layer 67
of turn T2 with steel layer 65 of turn T1 creates a seal to prevent the ingression of well fluid into
contact with jacket 43.

[00035] While this disclosure has been shown in only two of its forms, it should be apparent
to those skilled in the art that it is not so limited, but is susceptible to various changes without

departing from the scope of the claims.
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Claims:

1. A power cable (29) for an electrical submersible well pump (15), comprising:

at least one insulated conductor (37);

an armor strip (45) wrapped in helical turns (T1, T2, T3) around the at least one insulated

conductor; characterized by:

the armor strip having a steel layer (47) and a first polymer layer (49) bonded to a first

side of the steel layer; and wherein

each of the helical turns of the armor strip overlaps with another of the helical turns,
causing the first polymer layer of each of the helical turns to form a seal with of a next one of

the helical turns.

2. The power cable according to claim 1, further comprising:

a layer of adhesive (51) that bonds the first polymer layer to the first side of the steel

layer.

3. The power cable according to claim 1, further comprising:

a second polymer layer (53) bonded to a second side of the steel layer; and wherein

the second polymer layer of each of the helical turns overlies in sealing contact with the

first polymer layer of the next one of the helical turns.

4. The power cable according to claim 3, further comprising:

-11-
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a first adhesive layer (51) that bonds the first polymer layer to the first side of the steel

layer; and

a second adhesive layer (55) that bonds the second polymer layer to the second side of

the steel layer.

5. The power cable according to claim 1, wherein:

said at least one insulated conductor comprises three insulated conductors; and

each of the helical turns of the armor strip wraps around all three of the insulated

conductors.

6. The power cable according to claim 5, further comprising;

an elastomeric jacket (43) encasing the three insulated conductors; and wherein

each of the helical turns of the armor strip wraps around the jacket.

7. The power cable according to claim 1, wherein the first polymer layer comprises a

fluoropolymer.

8. The power cable according to claim 1, wherein the steel layer has a thickness in the range
from 0.015 inch to 0.034 inch, and the thickness of the first polymer layer is in the range from

0.010 inch to 0.025 inch.

9. The power cable according to claim 1, wherein the first polymer layer of each of the helical

turns is in contact with and forms a seal with the steel layer of a next one of the helical turns.

-12-
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10. The power cable according to claim 3, wherein the first and second polymer layers each

comprise a fluoropolymer.
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PCT/US2019/028759

WO 2019/209852

1/3

X
_

FIG. 2

|

|

[

o))

N
¥ K 11

/
/ /
/ /
/ /
/ /
/ /
/ /

/ /
/ L1

/

/

—

2

T2~

(O)]
~—

|

46—

Y

SN NN NN NN NIN N NN N NN N NIN N NN

DN N N NN NN NIN N NN NN NN N

\

\

¥

|

\

==

|

™

NN N ONIN N N NANIN N NN NN

SN N N NN NN NN NN NN NN NN NN NN N N N N NN N N N N N N N NN N

2

)
£

M
M

\

N
N

_

N
M

FIG. 3

FIG. 1



PCT/US2019/028759

WO 2019/209852

AN
S

CXS

2 Y

(L

-
299N S




WO 2019/209852 PCT/US2019/028759

_1L—59
FIG. 5
63~ 65 T2
T1 M
N N 67
K gy

FIG. 6



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2019/028759

A. CLASSIFICATION OF SUBJECT MATTER
HO01B 7/22(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1B 7/22; C09J 7/04, E21B 17/20; E21B 43/12; F16G 13/16; F16L 11/08; F16L 11/24, HO1B 11/06, HO1B 7/00; HO2G 11/00

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: cable, steel, polymer, strip, turn, helical, overlap

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See the whole document .

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2016-0047210 A1 (BAKER HUGHES INCORPORATED) 18 February 2016 1-10
See paragraphs 28-30, and figures 2-3.
Y US 4125739 A (KENNETH E. BOW) 14 November 1978 1-10
See column 5, line 25 - column 7, line 16, and figure 5.
A WO 2014-130961 A1 (GENERAL CABLE TECHNOLOGIES CORPORATION) 28 August 2014 1-10
See paragraphs 13-18, and figures 1-3.
A US 2013-0273333 A1l (THORSTEN MEIER et al.) 17 October 2013 1-10
See the whole document .
A WO 2008-125807 Al (C.S. TECHNICAL SERVICES LIMITED et al.) 23 October 2008 1-10

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

g

o

nQon

npn

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ngn

Date of the actual completion of the international search
02 September 2019 (02.09.2019)

Date of mailing of the international search report

03 September 2019 (03.09.2019)

Name and mailing address of the [SA/KR
) International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

,
v
2
enidd
Iy
i
% %

Kim, Yeonkyung

,,,,,
o
%

554
7
St
S

s

%

%
Y
AT

7
z
i
o
s

Telephone No. +82-42-481-3325

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2019/028759
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016-0047210 Al 18/02/2016 US 9725997 B2 08/08/2017
WO 2016-025810 Al 18/02/2016
US 4125739 A 14/11/1978 CA 1107628 A 25/08/1981
CA 1121303 A 06/04/1982
JP 52-151882 A 16/12/1977
JP 59-052488 B 20/12/1984
JP 60-095813 A 29/05/1985
JP 61-042367 B 20/09/1986
US 4292463 A 29/09/1981
US 4322574 A 30/03/1982
WO 2014-130961 Al 28/08/2014 AR 096285 Al 23/12/2015
US 2014-0238718 Al 28/08/2014
US 2013-0273333 Al 17/10/2013 BR 112013008904 A2 28/06/2016
CN 103153710 A 12/06/2013
DE 202010014239 Ul 30/12/2010
EP 2627539 Al 21/08/2013
EP 2627539 Bl 14/12/2016
WO 2012-048912 Al 19/04/2012
WO 2008-125807 Al 23/10/2008 GB 2461482 A 06/01/2010
GB 2461482 B 29/02/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

