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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange|are
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for|the
different types of ISO documents should be noted. This document was drafted in accordance 'with|the
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subjeqt of
patent rights. ISO shall not be held responsible for identifying any or all such patent fights. Details offany
patent rights identified during the development of the document will be in the Introduction and/of on
the ISO list] of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does|not
constitute pn endorsement.

For an explanation on the meaning of ISO specific terms and €xpressions related to conforrhity
assessmenf, as well as information about ISO’s adherence to the WTO principles in the Technical Barrjiers
to Trade (BT), see the following URL: Foreword — Supplementary information.

The commifttee responsible for this documentis ISO/TC 67, Materials, equipment and offshore structureg for
petroleum, petrochemical and natural gas industries, Subgemmittee SC 4, Drilling and production equipment.
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Introduction

This part of ISO 15551 has been developed by users/purchasers and suppliers/manufacturers of electric
submersible pumps and is intended for use in the petroleum and natural gas industry worldwide. This
partofISO 15551 provides requirements and information to both parties in the selection, manufacturing,
testing, and use of electric submersible pumps as defined in the scope. Further, this part of ISO 15551
addresses supplier requirements, which set the minimum parameters for claiming conformity with this
International Standard.

This part of ISO 15551 provides grades of requirements for design validation, quality control, and
funttional evaluations allowing the user/purchaser to select each for a specific applicatien| There are
twd grades of design validation, three grades of quality control, and up to three grades.of| functional
testling, depending on the component. Design validation grade V2 is restricted tolegacy products,
and| the highest grade is V1. Quality control grade 3 is the standard grade and grades 2 and 1 provide
addiitional requirements. Of the three functional evaluation grades, the lowest'grade is the standard
grafle and higher grades provide additional requirements. The user/purchaser{an specify requirements
supplemental to these grades.

Usefs of this International Standard are informed that requirements-above those outliped in this
Intdrnational Standard can be needed for individual applications.(This International Stanflard is not
intgnded to inhibit a supplier/manufacturer from offering, or the user/purchaser from|accepting,
altgrnative equipment or engineering solutions. This can be-particularly applicable whefe there is
innpvative or developing technology.
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Petroleum and natural gas industries — Drilling and
production equipment —

Part 1:
Electric submersible pump systems for artificial lift
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data control, performance ratings, functional evaluations, handling, and stdrage of tubin
trical submersible pump (ESP) systems as defined herein. This part of ISOA5551 is applica
ponents meeting the definition of centrifugal pumps including gas handling devices, disch
chamber sections, intake systems, mechanical gas separators, induction motors (herein m
plings, motor lead extension, pothead, and power cables, as defined herein. Components sup
requirements of this part of ISO 15551 exclude previously used-subcomponents. Additi
rnational Standard provides requirements for assembled ESP<systems.

5 part of ISO 15551 includes normative annexes addressing design validation perform:
1lirements by component, requirements for determining ratings as an assembled system
uation: single component and cable reference information.

5 part of ISO 15551 includes informative annexes addressing functional evaluation gui
bmbled ESP systems, establishing recommended operating range (ROR) of the ESP syste
/purchaser ESP functional specification ferm, considerations for the use of 3-phase low a
age adjustable speed drives for ESP appli¢ations, analysis after ESP use, downhole monitg
embly operation, and information on‘permanent magnet motors for ESP applications.

ipment not covered by this part/of ISO 15551 includes wireline and coiled tubing-de
ems, motor and pump shrotds, electric penetrators and feed-through systems, cable ¢

non-conventionally ¢onfigured ESP systems such as inverted systems. Repair and redress
lirements are not.¢covered in this part of ISO 15551.

terminologies used within this part of ISO 15551 are; “ESP assembly” for a system ¢
bined into-ah operational machine, “component” for individual products such as, pun
mber sections, and “subcomponent” for individual parts or subassemblies that are y
struction of an individual component.
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The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO

9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO 29001, Petroleum, petrochemical and natural gas industries — Sector-specific quality management
systems — Requirements for product and service supply

API

©IS

RP 11S2, Electric Submersible Pump Testing
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API RP 11S7, Recommended Practice of Application and Testing of Electric Submersible Pump Seal
Chamber Section

API RP 11S8, Practice on Electric Submersible Pump System Vibrations

ASTM B3, Standard Specification for Soft or Annealed Copper Wire

ASTM B8, Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or Soft
ASTM B33, Standard Specification for Tin Coated Soft or Annealed Copper Wire for Electrical Purposes

ASTM B189._ Standard ﬁ'pprifirnfinn fnr Lead-Coated and Lead-Alloy-Coated anf Copper Wire for
Electrical Purposes

ASTM B193, Standard Test Method for Resistivity of Electrical Conductor Materials

ASTM B25B, Standard Specification for Standard Nominal Diameters and Cross-Sectional Areas of AWG
Sizes of Solld Round Wires Used as Electrical Conductors

ASTM B49p, Standard Specification for Compact-Round Concentric-Lay-Stranded Copper Conductors
ASTM D47], Rubber Property — Effect of Liquids, Test Method for
ASTM EB8, §tandard Test Methods for Tension Testing of Metallic Materials

NEMA WC b3, Standard Test Methods for Extruded Dielectric Power, Gontrol, Instrumentation and Port@ble
Cables for Test

3 Tern:[ and definitions

For the pulrposes of this document, the following definitions shall apply. For quality system related
terms used in this document and not defined below;see ISO 29001.

31

adapter

device usedl to connect components that are not directly compatible

3.2

adjustable speed drive
device which controls an electric motor’s speed by manipulating the power frequency being supplied to
the motor

Note 1 to enfry: The term/“adjustable speed drive” is interchangeable with other common industry names for|this
device suchfas “variablefrequency drive” or “variable speed drive”.

3.3
ampacity
maximum [cGrrent that can pass through a power cable without exceeding its temperature limit fpr a
specific opéerating environment

34

ampacity coefficient

temperature rise of the power cable divided by the square of the amperage for a specific operating
environment

3.5

armor

outer covering to the power cable that can provide protection from mechanical damage and provides
mechanical constraint against swelling or expansion of underlying materials on exposure to well fluids

2 © IS0 2015 - All rights reserved
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3.6
assembled ESP system

assembly of downhole equipment which includes some or all components as identified in this part of
ISO 15551

3.7

auxiliary equipment

equipment or components that are outside the scope of this part of [SO 15551 and are typically selected
and/or installed by the user/purchaser

EXAMPLE Cable protectors, motor shrouds, by-pass tools, and electrical penetrators.

3.8
axial stage type
typk of stage with inlet and exit flow path essentially parallel to the shaft axis

3.9
bag
blagdder
bellows
flexiible subcomponent of a seal chamber section that functions as, apositive barrier that isolates the
wellbore production fluid from the motor fluid

3.1
bagd chamber
blagdder chamber

bellows chamber
chamber which houses the bag/bladder/bellows

subfomponent of an ESP power cable that'can be applied over the insulated conductors arld provides

valye placed above.a check valve for the purpose of reducing pressure or draining the fluid ffom within

supplementary layer of material used to provide mechanical performance characteristics td the power
cablesystenTsuciras oo p Strengtir for gas deCompression

3.15
bubble point
pressure at which gas begins to break out of under-saturated oil/fluid and form a free gas phase

3.16

by-pass tool

device that is installed into the wellbore along with the ESP assembly that divides the tubing system to
permit the installation of additional tubing string parallel to the ESP

3.17
cable band
metal band which is used to secure ESP power cable to production tubing

© IS0 2015 - All rights reserved 3
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3.18
cable clamp
device, usually of rigid material, for strengthening or supporting power cable to production tubing

3.19

capillary line

independent tubing string commonly used for hydraulic control of safety valves and sliding sleeves or
for chemical injection

Note 1 to entry: This device is also commonly referred to as a chemical injection line or control line.

3.20
casing
pipe extengling from the surface and intended to line the walls of a drilled well

3.21
casing size
nominal c3sing outside diameter (od), mass (weight), inside diameter (id), and/ak drift diametef as
specified i ISO 11960

3.22
centralizers
device usgd to keep the ESP assembly or other downhole equipmefit in the centre of the tubjing,
casing, or wellbore

3.23
centrifugdl pump
componenfofan ESP system that uses rotating impeller(s) toimpartkinetic energy (velocity) by centrifyigal
force to a fluid and stationary diffusers to convert the kinetic energy to potential energy (pressure)

3.24
chamber
subcompoment of the seal chamber section

3.25
check valye
device thaf allows one-directional flew-of fluid when a differential pressure exists

3.26
coefficient of determination
statistic uded to determine th& strength of a fit between a mathematical model and a set of observed
data value;s

Note 1 to enftry: The ceefficient of determination is typically calculated using the following equation:

n

Z(Yi—J’i)z

N n
—\2
Z(J’i —J/i)
i=1
3.27
coiled tubing

pipe typically supplied and installed in one continuous length and wound onto a reel or spool

3.28

coiled tubing deployed ESP

ESP system which is deployed into the wellbore using coiled tubing rather than by other deployment
means such as jointed tubing or wireline

4 © IS0 2015 - All rights reserved
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3.29
common hardware
hardware that does not require traceability and is included as part of an ESP component

EXAMPLE Bolts, washers, screws, and snap rings.

3.30

compact stranded cable

electrical conductor configuration in which a multiple-strand conductor has been compacted to reduce
its circumference while maintaining conductor area

3.3t
compression pump construction
configuration where the impeller is fixed to the shaft to prevent axial movement

3.3
conductor
subfomponent of the power cable that functions to conduct electrical power.

3.38
conductor shield
laydr adjacent to the conductor to distribute voltage stress evenly over the surface of the corjductor

3.3

conffiguration
conjponent designation that identifies the end connection designs for attaching |additional
conpponents in series

EXAMPLE Upper tandem, lower tandem, middle/centre tandem, and single tandem.

3.3p
cornjtraction capacity
volume that a chamber or set of parallel chambers can draw in due to temperature and presfure cycles
without allowing wellbore fluid ingress_through the chamber or causing damage

3.3p
coupling
devfice which connects the shafts of ESP components

3.3

deployment method

conveyance methed

method used todeploy the ESP downhole equipment to its setting location

3.3
desjign validation
profesSof proving a design by testing to demonstrate conformity of the product to design reclluirements

3.39
design verification

process of examining the premise of a given design by calculation, comparison, or investigation, to
substantiate conformity with specified requirements

3.40

deviation survey

measurement of a borehole’s trajectory over the wellbore length for the purposes of ESP design and
application

341

diffuser

stationary stage segment of a centrifugal pump which converts the pumped fluid velocity (kinetic
energy) to a pressure (potential energy)

© IS0 2015 - All rights reserved 5
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3.42
discharge

head

component on the output end of the pump for connecting to the production tubing

3.43

dogleg severity
total angular inclination and azimuth in the wellbore, casing or liner, calculated over a standard length
such as degrees per 30 metres, or degrees per 100 feet

3.44

effective diameter

theoretical minimum diameter through which the assembled ESP system passes including installat

of all required ESP ancillary equipment

3.45
efficiency
output wot

3.46

elastomer
polymer w
high yield ¢

3.47
electric pe
electrical
sealing bat

EXAMPLE

3.48

electric su
electrical ¢
adjustable

3.49

k divided by input work

train

netrator
connector that functions to transition power cable“and/or instrument wires throug
rier

Wellhead, wellbore packer, ESP pod, or canisten
rface control equipment

quipment used to control the operation of the ESP assembly commonly referred to aj
speed drive or switchboard

electromagnetic region

region of a

h induction motor relativeto the cylindrical boundary defined by the outside diameter of

stator laminations, and the axiallength which encompasses all the coiled wire of the stator

3.50

feed-throygh system

fixture wh
seal of gas

3.51

ch allows the passage of electricity from one side of a barrier to another while maintaini
pr liquidsthfough the barrier

floating p
configurat

3.52

—n

on

ith the property of viscoelasticity (elasticity), generally having a low Young’s modulus afpd a

h a

an

the

g a

mp-construction

flowing pressure
pressure in the wellbore at a specific vertical depth at a specific flow rate

3.53

functional evaluation
test(s) performed to confirm ESP component operation or assembled ESP system operation as per design

Note 1 to entry: Occasionally referred to as factory acceptance test in case of ESP component and as string test in
case of assembled ESP system.

© ISO 2015 - All rights reserved
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3.54

gas handler

component of an ESP system that conditions multiphase flow, without gas separation, to decrease the
degradation of pump performance

3.55

gas-oil ratio

produced gas-oil ratio

volumetric ratio of gas to oil at standard conditions

3.56

gas|separator
conjponent of an ESP system that mechanically separates a portion of the free gas from.tlle wellbore
fluils prior to the fluids entering the pump or gas handler

3.5
hedd curve
amount of head generated by the pump as a function of flow rate for a specific)speed

3.58
hoysing pressure rating
valiie of the maximum allowable difference of internal less externatpressure

stage segment rotated by the shaft which adds kinetic enexgy (velocity) to the fluid being pumped

"om a true

mechanical

integral to

brotect the

3.64

insulation
isolates the electrical potential between conductors and other conducting materials and minimizes
leakage current from the conductors

3.65
inversion point
water cut percentage at which the emulsion viscosity is at its maximum

3.66
inverted system
ESP system configured with the pump on the bottom and motor on the top

© IS0 2015 - All rights reserved 7
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3.67
jacket

subcomponent of an ESP power cable that covers the insulated conductors and provides mechanical

protection

3.68

from the downhole environment

labyrinth chamber
chamber which utilizes a vertical U-tube, maze-like, or tortuous flow path to delay wellbore fluid ingress
through the chamber

3.69

laminatio
thin electr

3.70

liner

pipe exten
existing ca

N

ing from the surface or another point lower in the wellbore to a depth within or below
Sing

3.71

manufactyring

process and action performed by an equipment supplier/manufacturer that are necessary to proy
finished cpmponent(s), assembly(ies), and related documentation, that fulfil the requests of
user/purclaser and meet the standards of the supplier/manufacturer

Note 1 to enfry: Manufacturing begins when the supplier/manufacturerteceives the order and is completed a
moment theJcomponent(s), assembly(ies), and related documentation.are surrendered to a transportation prov
3.72

mechanicIl seal

subcompoment used to prevent flow between a rotating shaft and a stationary body

3.73

megger

instrument that generates a high voltage inworder to test the resistance of insulation, etc.

3.74

mixed flow stage type

type of sta
parallel to

3.75
model
equipment
equipment

3.76

be with inlet flow path,eSsentially parallel to shaft axis and exit between perpendicular
the shaft axis

with uniqiie components and operating characteristics which differentiate it from of
of thesaire type

modular

cal grade metallic subcomponents that form the magnetic core of the stator and the roetojr(s)

the

ride
the

the
der.

and

her

uwmn-construction
TP

configuration that utilizes both compression and floating pump constructions within the same
single component

3.77
motor flui

d

fluid internal to the motor and seal chamber section that provides lubrication to the bearing systems,
heat transfer to the unit skin, and dielectric insulation for the motor

3.78

motor lead extension

MLE

cable connected to the pothead for splicing to the power cable

© ISO 2015 - All rights reserved
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3.79
motor operating temperature
temperature at or near the coils of the stator when it is energized

3.80
motor shroud
tube which covers the motor length of the ESP to promote fluid flow past the motor

3.81

non-conformance
non-fulfilment of a specified requirement such as a disagreement between equipment, part, practice, or
progedure with an established standard

3.82
opdrator
usel of the equipment

3.88
opdrator’s manual
publlication issued by the supplier/manufacturer which contains detailed.data and instructipns related
to the design, installation, operation, and maintenance of the equipment

3.8¢
opdrating environment
set pf downhole conditions to which the component is expeséd during its full life cycle

3.8p
parjallel chambers
configuration of at least two seal chambers that function together to increase contraction cgpacity

3.8p
paslsive gas separator
devijice intended to reduce the amount offree gas entering into the pump intake through a selgctive fluid
intgke point or directing fluid flow path

3.8}
perimanent identification
marking that remains legible over the intended service life of the component and/or subcomjponent

3.88
perjmanent magnetimotor
typg of motor thatuses permanent magnet rotor(s) instead of induction rotor(s) as a way to create torque

3.89
pothead
power conmector on the end of the MLE or power cable which mates to the motor

3.90
power cable

component of the ESP system that connects the surface electrical equipment or electrical penetrator
connector to the MLE or motor

391

pump construction

configuration of which the pump stages are assembled with respect to axial movement relative to the
shaft such as compression, floater, or modular

392
pump differential pressure
difference between discharge and intake pressures
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3.93

pump housing
tube containing pump subcomponents pertaining to the impellers and diffusers and functioning as a
pressure barrier

3.94

pump shroud
tube which covers the pump length of the ESP intended to limit free gas migration into the pump intake

Note 1 to entry: This item is sometimes referred to as an inverted shroud.

3.95

qualified part
part manufactured under an authorized quality assurance program produced to meet or exceed
performanice of the original part

3.96

qualified person

individual
requireme

3.97

type of st
the shaft a

radial sta{e type

3.98
redress
activities g
equipment

3.99
reference
water corr

3.100
reference
20 degrees

3.101
repair
activity be
without th

manufactufring operations that restores the equipment to its original performance

3.102
rotor

vith orabilities gained through training or experience orboth asmeasuredagainstestablig
nts, such as standards or tests that enable the individual to perform ‘a required function

the

hed

ge with inlet flow path essentially parallel to shaft and‘exit essentially perpendiculajr to

is
erformed to a component restricted to the replacement of qualified parts that restores

to its original performance

fluid
bcted to specific gravity of 1,0, at-standard conditions

temperature
centigrade

yond the scope) of redress that includes disassembly, re-assembly, and testing with
b replacement of qualified parts and may include machining, welding, heat treating, or ot

the

or
her

dealliz artacbad +o 1 hofr o £2o1d 1o 1 dond Lo

subcompotefeefameter

e S azla. et 3 1o 3
lll\,\,llulll\,ull)’ dltltduilivu tU LUIIC o11dr L, vwiIiIuoo Auasu\,uu, IICIU 1O I1ITUuuUucCT CuUu IJ)’

magnetic field of the stator, resulting in torque applied to the shaft

3.103

safety factor
defined measure of a reduced value from a known capacity

3.104
sand cut

the

amount of sand or solid material in the wellbore fluid, typically expressed as a volumetric or mass percentage

10
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3.105

seal chamber section

component of an ESP system that provides one or more of the following functions: protects the interior
of the motor from well fluids and other contaminants, carries the pump thrust, maintains pressure
equalization with wellbore fluid pressure, and transmits the motor torque to the component above it

3.106

semi-permanent identification

marking that remains legible until the component and/or subcomponent is installed, such as, a metal
stamped nameplate or tag

tion to the

phary radial

ent during

well production characterized by cyclic flow of fluid mixtures of different densities, such [as gas and
liguid-or two differing liquid viscosities

3.115

solution gas-oil ratio

amount of gas dissolved in the oil and increases with pressure until the bubble point pressure is reached,
after which it is an constant

3.116

spline type

machined configuration of the end of component shafts to allow connection by couplings to adjoining
components, such as modified SAE, involute, and others

3.117
stage
matched set of one impeller and one diffuser
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3.118

stage name
nomenclature given to each pump stage type that typically defines its flowrate (bep), its size (diameter),

and any sp

3.119

ecial fluid handling characteristics

standard conditions
1 atmosphere (14,7 psia) and 15 °C (60 °F)

3.120
stator

subcompoment of the motor which contains laminations and coiled wire and housed in a tube,

known as ¥

3.121
stock tanK
wellbore fl

3.122

vound stator

[ flow rate
juid rate reported at standard conditions

subcompdnent

portion of

3.123

h component made up of one or more pieces

synchrongus speed

supply pow

Note 1 to en
frequency t

3.124
tandem

fer frequency divided by the number of poles of the AC.métor

try: When expressed in revolutions per minute, the formula to calculate synchronous speed is pd
mes 120 divided by the number of poles.

designation that indicates where in the modular system an ESP component, such as a motor, would be 4

Note 1 to en
lower tande

3.125
test open
maximum

3.126
thrust bed
device to s

3.127

thrustloa
axial load
operating

3.128

Fry: There are four different tandem deSignations for ESP components: upper tandem, middle tang
m, and single.

low
pump flow rate attainable on test

ring
ipport axialdead of a rotating part

[l bearing capacity
capacity of a thrust bearing as defined by the bearing design, lubrication fluid,
privironment

hlso

'Wer

sed

lem,

and

thrust washer
subcomponent mounted on an impeller which carries the axial thrust

3.129

torsional yield ratio
ratio of the material yield point in torsion to the material yield point in tension

3.130

tubing deployed ESP
ESP system which is deployed into the wellbore using jointed tubing rather than by other deployment
means such as wireline or coiled tubing

12
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3.131
unique identifier
unique combination of alphanumeric characters to identify a specific component

3.132
water cut
ratio of produced water to produced liquids, expressed as a percentage

3.133

wireline deployed ESP
ESP system which is deployed into the wellbore using wireline rather than by other deployment means
such as jointed tubing or coiled tubing

4 |Symbols and abbreviated terms
AC alternating current

ASI adjustable speed drive

AW American wire gauge
BER best efficiency point
C ampacity coefficient

Cload derating factor
cP centipoise
DC direct current

dV/dgt  change in voltage divided by change in time

E efficiency

ESO emergency shut down

ESH electric submersiblé pump

Fa adjusted thrust

Fn thrustat\test revolutions per minute
G unit for g-force

GOI gas oil ratio

GV gasvotumefraction

H head

Ha adjusted head

Hp head at test revolutions per minute

HP horsepower

I amperage

IEC International Electrotechnical Commission
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kVA

MLE
mut
NEMA
NDE

PID
PMM
Ps
PSD
PVT
PWM
Psc, kw
Psc, HP
Pshaft
Q

Qa

Qn

14

inside diameter

extrapolated temperature for zero resistance
kilovolt-amperes

kilowatt

thrust test load

nominal thrust load rating of bearing at 3 500 r/min and 5 cP lubricating fluid viscosity

easured depth

otor lead extension cable

QO

ctual lubricating fluid test viscosity (absolute) in cP

=

ationalal Electrical Manufacturers Association

pbn-destructive examination

=

utside diameter

=)

[o5)

Hjusted power

pwer at test revolutions per minute

p

pptential of hydrogen
pump intake pressure
p

ump discharge pressure

f]:id density
id power

fogrammable input digital controller

o

permanent magnet.nrotor

2]

haft power

ump setting depth

p
p[essure, volume, temperature

pese-width-medulated

shaft coupling power rating expressed in kilowatt
shaft coupling power rating expressed in horsepower
shaft power rating

flow rate

adjusted flow rate

flow rate at test revolutions per minute
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QGGE
Qai
Qui
R2

Rf

gas flow rate out of gas exit

intake gas flow rate

intake liquid flow rate

coefficient of determination

resistance of winding at the time of motor de-energization

resistance of winding before test at a known temperature

ISO 15551-1:2015(E)

ROR

SCR

Tt

Th

THD

TVID

TVYS

UL
VI

VD(
VSL
VFI
Vr
Vr,rgf

Vrn

root mean square

recommended operating range

silicon controlled rectifier

temperature

temperature of the test fluid at the time of motor de-energization
temperature at the time Ry, is taken
torque

total harmonic distortion

true vertical depth

transient voltage surge suppressors
Underwriter’s Laboratories

percentage of free gas

volts direct current

variable speed drive

variable frequency drive

rotational speed in revolutions per minute
reféreénce revolutions per minute

test revolutions per minute

saratar albarnotin g oo c

WA

[<p]

Wt

Yi

<l

vwwotCT arcCTIiracirg gos

actual shaft rotational speed during test in revolutions per minute

predicted value of the dependent variable as determined by the mathematical model

observed value of the dependent variable

mean of the observed data y;

© ISO 2015 - All rights reserved
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5 Functional specification

5.1 General

The user/purchaser shall prepare a functional specification when ordering components which conform
to this part of ISO 15551 and specify the requirements and operating conditions as appropriate. This
information is used by the supplier/manufacturer to recommend the components for the application.
User/purchaser shall specify the units of measurement for the data provided

ESPs are designed for specific applications. When used in other applications re-evaluation is required.

The proce
required fg

5.2 Com
The user/p

produ
fluid ¢

5.3 Fun

5.3.1 Ge

User/purch
the best of]
production
systems of]

£ 4] 4 1 e 1 111 1 dezas 4 a | ol pa | )
S USTU TUT LIIAL TTTTVAIUALIUIT STIAIT DT TIUITS S SUTHTIZTIIT UT UULTUITITIIITU Al dPppPTUvVEU LA

r the initial application.

ponent type
urchaser shall request an ESP system on the basis of the following conditiens:
tion requirements;

haracteristics.
‘tional requirements

neral

jaser shall specify the known and anticipated application parameters and requirement
their knowledge. Operational issues such as frequency of shut-downs, power interrupti
fluid changes, electrical current changes, and other issues that might have an effect on
eration and durability shall also be specified:

5.3.2 Application parameters

5.3.2.1 (

While inst
typically d

5.3.2.2

5.3.2.2.1

The follow
a)

operat

feneral

\lled, the ESP system shall perform in accordance with its functional requirements which
btermined based on appli¢ation parameters.

Well information

Requirements
ng wellinformation, whether planned or existing, shall be specified:

ingenvironmentsuch asheavyand conventional oil production, coalbed methane applicati

rhat

S to
bns,
the

are

DS,

and so
b)
‘)
d)
e)

wellhe

rs | 43
ree vvdtlill }Jl vyuulLivll,

well type such as vertical, slant, deviated, or horizontal;

ad location such as onshore, platform, or subsea;

thermal, coal dewatering;

f)
g)

enhanced oil recovery such as CO3 flood, water-alternating-gas, or polymer flood;

supply limitations;

16

reservoir type such as carbonate, consolidated sandstone, unconsolidated sandstone, coal, or shale;

reservoir recovery mechanism or process such as aquifer drive, solution gas drive, water flood,

existing or planned power supply details such as generator/utility, volts, frequency, kVA/Amp

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=3ef47626d22123d7ae09a78a98904b85

ISO 15551-1:2015(E)

h) existing or planned surface equipment details such as switchboard, 6-step ASD, PWM ASD, filtered
PWM ASD, space restrictions.

5.3.2.2.2 Supplemental Information
The following well information shall be specified, if available:
a) well profile such as “S shaped”, “U shaped”, sinusoidal, multilateral;

b) geothermal gradient/profile;

c) [pertient production history using ESPs and other methods such as other artificial Iiit nethods or
natural flow.

5.3/2.3 Completion information

5.3/2.3.1 Requirements

The following well information, whether planned or existing, shall be spegified:

a) |proposed pump setting depth in terms of MD and TVD of the pump intake;

b) |existing or planned total well depth such as plug back depthdn terms of MD and TVD;
c) |depth(s) of producing interval(s), top and bottom, in terms of MD and TVD;

d) |casing/liner size including outside diameter and weight, connection type and grade of production
casing;

e) |minimum drift diameter through wellhead to'bottom of the ESP assembly;
f) |production tubing size(s) including outside diameter, mass (weight), connection type, arld grade;
g) |completion type such as perforated.casing or open hole;

h) |sand control measures such as none, slotted liner, gravel pack, or sand screen;

i) |ESP system configuratiof such as single, dual back-up/boost, y-tool;

5.3{2.3.2 Supplemental information
The following completion information shall be specified, if available:
a) |well deviatioen survey; if not provided, provide the following as a minimum:

— inclination and estimated dogleg severity at pump setting depth;

<+ maximum dogleg severity between wellhead and pump setting depth for each casing or liner
Segment that the ESP nas to pass through during installation,

b) production tubing inner coating type and thickness;

c) completion thermal characteristics such as heat transfer coefficients for completion, insulated
tubing/annulus, or flowing temperature profile;

d) completion diagram.
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5.3.2.4 Operating and production information

5.3.2.4.1 Requirements

The following operating and production information shall be provided over the life of the system, such
as early, mid, and late life.

a)

5.3.2.4.2 |Supplemental information

expected well production flow performance, which shall include, as a minimum, expected flow rate
such as stock tank flow rate or pump discharge rate and flowing pressure or fluid level at expected
flow rate for a specified depth;

water fut;

tubinglhead flowing pressure;
casing|head pressure;

static femperature at a reference depth;
total producing gas-oil-ratio;

specia] operational conditions such as unloading heavy completion fluids, sand face conitrol
limitaflions, delayed start-up, unusual anticipated duty cycles (stops and starts);

minimum expected bottomhole temperature;

maxinjum expected bottomhole temperature.

The follow|ng operating and production information shall be provided over the life of the system, quch

as early, m|d, and late life, if available.

a)
b)
‘)
d)
e)

5.3.3 Enypironmental'compatibility

sand cit;

wellhelad flowing fluid temperature;

flowinf temperature at a refererice'depth;
sluggimg tendency such as gas,-water, solids, steam;

desirefl operating frequency range and desired operating frequency at target rate.

User/purchaser_shall specify the environmental compatibility requirements and preferred fluid

property cprrelations. The following parameters shall be supplied:

a)

b)

18

0il

1) density at standard temperature and pressure or API gravity;
2) viscosity at standard conditions;
3) bubble point pressure at reservoir temperature;

4) solution gas-oil-ratio.

Water
1) pH;
2) density;
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3)

Gas

iy

2)
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chloride concentration/salinity.

composition such as:
i) CO2 concentration (mole percentage);
ii) Hj2S concentration (mole percentage);

specific gravity.

d)

5.3

5.3

The
the
lim
inte

Solids

1
2)
3)
4)
5)

history of solids related problems such as erosion, plugging, wear;
morphology such as size, structure, angularity, composition;

scale deposition tendency;

asphaltene deposition tendency;

paraffin deposition tendency.

Other

1)

2)
3)

4

emulsion properties such as:

i) inversion point data (percentage water cut);

ii) emulsion viscosity at downhole operating conditions over predicted pump life;
iii) emulsion forming tendency;

foamy oil behaviour such as thataffecting annular fluid level;

other fluid types and concentrations such as diluent, corrosion/scale inhibitor, comp
dispersants, and injection-points in the wellbore.

Compatibility withrelated well equipment and services

4.1 General

user/purchaser shall specify related well equipment and service considerations that

compatibility of the proposed component for the well such as material requirements, d

etion fluid,

Can impact
imensional

tations,fransportation, and installation restrictions, to ensure that the component conf¢rms to the
nded.dapplication.

5.3

4.2 Accessory equipment and well operation

The following topics shall be considered for the application.

a)

b)
‘)

d)

dimension of chemical injection tubing/string line and injection point such as above pump, below
pump, annulus, tubing string;

surface instrumentation dimension and location such as above or below pump as applicable;

surface equipment dimensions, location relative to the pump and attachment to the pump such as
by-pass systems, clamps, shrouds, pod, tail pipes, backflow valves, swages;

well intervention limitations such as; maximum allowable pump length, maximum coiled tubing
diameter;

© ISO 2015 - All rights reserved
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e) packer
)

type, location in the wellbore relative to ESP assembly;

5.4 User/purchaser selections

5.4.1 General

casing gas venting scheme such as vented to atmosphere, vented to production flow line, no venting.

Table 1 is the compiled list of required selection criteria for ESP components which shall be selected
by the user/purchaser. The grades can vary by component as selected by the user/purchaser. General

guidance o

5.4.2 De

This part ¢f ISO 15551 provides two design validation grades, one of which shall be selected by

user/purch
— V1 Hig
V2 Bas

5.4.3 Co

The user/
indicated

grades not
a functiona

— F1 Hig
F2 Int

F3 Bas

544 Qu

The user/q
three qual{

Q1 Hig
Q2 Int

Q3 Bas

Table 1 su

of ISO 155%1_This table provides guidance to the user/purchaser in identifying the desired grades

sign validation

mponent functional evaluation

h

ng that some components can have fewer. For assembled systems, guidelines for complet

R

aser.
hest grade

ic grade

rchaser shall specify a component functional evaluation grade for each componen
Table 1. This part of ISO 15551 provides requirements for three functional evalua

| evaluation are provided in Annex E.
hest level of functional evaluation
brmediate level of functional evaluation

ic level of functional evaluation

ality grades

urchaser shall specify ¢ne of the following quality grades. This part of ISO 15551 prov
ty grades as detailedin Clause 7.

hest level of quality;
ermediate level of quality;
ic level ef.quality.

marizes the list of components and the grades that are applicable for each under this |}

the

[ as
fion

—

ng

des

part

for

each component.

20

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=3ef47626d22123d7ae09a78a98904b85

ISO 15551-1:2015(E)

Table 1 — User/purchaser grade selections

5.4

The
any

5.4

The
ton

6

6.1

The
to ¢
are
req

Wh

Component Selected grades
validation | evaluation | Qualty control
(Annex A) (Annex C) (Z4)
vi | v2 | F1 | F2 | F3 | Q1 | Q2 | Q3
Bolt on discharge a a a
Pump and gas handlers
Bolt on intake a a
Mechanical gas separators a
Seal chamber sections
Motor
Cable, MLE, and pothead
Assembled ESP system Annex Bb Annex Ec
a  Unavailable sections.
b Indicates that component has no grade selections.
¢ Indicates an informative Annex.

5 Shipping, handling, and storage

user/purchaser shall specify environmental couditions and projected storage duratior
special shipping and handling requirements for the components.

6 Additional documentation or requirements

user/purchaser can specify additionaldocumentation, testing, and acceptance criteria a;
peet their requirements.

Technical specification

General

as well as

necessary

supplier/manufaeturer shall provide to the user/purchaser a technical specification that conforms

he requiremients defined in the functional specification, or identifies in detail where

yariance(s)

offered. The supplier/manufacturer shall also provide to the user/purchaser the docymentation

lired by Z2.

bre a covered component or system includes a non-covered component, the inclusion

bf the non-

covi

component

ered component shall not cause the defined requirements or performance ratings of the

or systems as established under this International Standard to be invalidated. The evidence supporting
this shall be documented by the supplier/manufacturer. Components or systems not covered in this part
of ISO 15551 can be addressed in other national or international standards.

This International Standard is not intended to inhibit a supplier/manufacturer from offering, or the
user/purchaser from accepting, alternative equipment or engineering solutions. This can be particularly
applicable where there is innovative or developing technology. Where an alternative is offered, the
supplier/manufacturer shall clearly and completely identify any variations from the requirements of
this International Standard.
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6.2 Design criteria

6.2.1 General

The supplier/manufacturer shall conform to the functional specifications when designing the component
conforming to the technical specifications. Manufacturing requirements are detailed in Clause 7.

6.2.2 Design documentation

Documentation of the design process for each type, size, and model of component shall include, as a

minimum,
a) design
confor
b) engine
c) applic3
d) validaf
e) designl
f) publisl
g) design
6.2.3 M3
6.2.3.1 (

e fottowing:

criteria: refers to the essential variables considered when designing the campoment

ming to the requirements of the technical specifications and functional requirements;
ering drawings and bill of materials;

ible specifications and standards;

ion testing procedures, acceptance criteria, and approved results (see’Annex A);
verification and acceptance criteria;

ned performance curves, where applicable;

changes and design change justifications.
terials

leneral

Metallic ajpd non-metallic materials shall be specified by the supplier/manufacturer and shal

appropriat
written sp

Material sy
that the suj
person and

6.2.3.2

6.2.3.2.1
The suppli
a)

chemi

e for the requirements in the functional specification. The supplier/manufacturer shall i

bcifications for all materials and(all'materials used shall comply with these specificationg.

bstitutions in validated equipment designs are allowed without validation testing, provi
pplier/manufacturer’s material selection criteria are documented and approved by a quali
meet all other requirements of this part of ISO 15551.

Metallic materials

General
er/manufacturer’s specifications shall define the following for all metallic materials:

al’eomposition according to an applicable standard such as AISI (American Iron and §

be
ave

ded
fied

teel

Instit
b)
c)

tey, ASTM, NACE; ortoasupplier/manufacturers-imtermat specification;

chemical composition limits;

mechanical property limits, to include as a minimum:

1) tensile strength;

2) yield strength;

3) elongation;

22
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4) hardness;

electrical properties where applicable:
1) resistivity or conductivity;
magnetic properties where applicable:
1) magnetic permeability;

2) core loss.

Matlerial certificates or test reports provided by the material supplier can be used to verify.

of t

6.2

Wel

the
per

6.2

he material to the specifications.

3.2.2 Welds, brazing, and soldering

ds, brazing, and soldering shall be in accordance with the supplier/manufacturer’s spe

specified quality grade. The supplier/manufacturer shall maintaififidocumentation f
onnel performing these operations.

3.3 Coatings or surface treatments

fompliance

cifications

as dlefined or referenced in 7.6.3. Weld identification and examination shall be in accoriance with

qualified

Coaltings or surface treatments shall be in response to the€ operating environment specified in the

fun
cha
tot

a)
b)
o)
d)
e)
f)
g)

6.2

6.2

Ctional requirements. The supplier/manufacturer’s specifications shall specify, where ap
Facteristics and acceptance criteria of the coatings,or surface treatments including but
he following:

basic coating type, trade name, or surface.treatment composition;
corrosion and/or chemical resistance;

hardness;

minimum and maximum coating thickness;

roughness;

application process;

bond strength.
3.4 Nonsmetallic materials

3.4,1~Polymers

licable, the
hot limited

Thd

supplier/manufacturer’s specifications shall define the following for all polymer

materials,

where applicable:

a)
b)

type of polymer;

mechanical property limits:

1) tensile strength, new and aged;

2) elongation at rupture new and aged;
3) durometer (hardness) or modulus;

4) thermal conductivity;
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5) thermal expansion coefficient;

6) minimum and maximum recommended service temperature;
c) electrical properties:

1) volume resistivity;

2) dielectric constant;

3) dielectric strength;

4) disgsipation factor at 60 Hz;
d) fluid cpmpatibility.

Material test reports or certificates of compliance provided by the material supplier or |the
supplier/manufacturer shall be used to verify compliance of the material to the specifications.

6.2.3.4.2 | Ceramics
The supplier/manufacturer’s specifications shall define the following for all ceramic materials:
a) ceram]c type, name, and grade;
b) chemigal composition;
c¢) mechapical:
1) grpin size (if applicable);
2) density;
3) hardness;
4) tr3gnsverse rupture strength;
5) compressive strength;
6) frgcture toughness;
d) thermal properties:
1) thermal expansien eoefficient;
2) thermal conduetivity;

e) electriral properties (if applicable):

1) Vofume resistivity;

2) dielectric constant;
3) dielectric strength;
4) dissipation factor at 60 Hz;
f) minimum and maximum recommended service temperature.

Material test reports or certificates of compliance provided by the material supplier or the
supplier/manufacturer shall be used to verify compliance of the material to the specifications.
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6.2.3.4.3 Motor fluid

The supplier/manufacturer’s specifications shall define the following for the motor fluid:
a) fluid classification or type;

b) viscosity/temperature curve;

c) density;

d) flash point;

e) |coefficient of thermal expansion;

f) |pour point;

g) |dielectric strength;

h) |minimum and maximum service temperature.

Material test reports or certificates of compliance provided by thé ‘motor fluid supplier or the
supplier/manufacturer shall be used to verify compliance of the moteffluid to the specificatfions.

6.2/4 Dimensional information

6.214.1 Dimensional information for assembled system

Dimensional information for the assembled system and auxiliary components shall be prpvided. An
anallysis can be necessary to calculate the stresses*for deviated or high dogleg severity wellbores. The
supplier/manufacturer shall specify the following:

a) |effective diameter;

b) [system schematic;

c) |total mass (weight) with and without cable;
d) |total length;

e) |bending stress analysis:

6.2}4.2 Dimensional information for system components except cable
For|each component, the supplier/manufacturer shall specify the following:
a) |maximbin component OD;

b) [cemponent schematic including external dimensional information;

c) component mass (weight) and length as installed and shipped.

6.2.4.3 Dimensional information for cable

For the cable, the supplier/manufacturer shall specify the following:
a) weight per unit length;

b) profile and outer dimensions;

c) shipping weight and dimensions including reel;

d) size of each conductor in terms of total diameter equivalent.
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6.2.5 Co

mponent and assembled system design verification

Design verification shall be performed by the supplier/manufacturer to verify that the component
design meets the technical specifications. Design verification includes documented activities, such as
review of design calculations, component testing, and comparison with similar designs and historical
records of defined operating conditions. Empirical methods and/or physical testing used in design
verification shall be fully documented and supported with drawings and material specifications. All
design verification documentation shall be included in the component design file and be approved by a

qualified p

Design val
specificati
demonstr

Annex A pr

6.2.7 Co

Functional
person to

requireme
shall be re

6.2.8 As

When selec
approved k
documentsg
the quality

6.2.9 De

All design
validation
change beg
as specifie

Changes tg
shall be v

subcompoment. Wherg‘testing is performed on subcomponent(s), the test(s) shall simulate the de

criteria co
the detaile
adequately

erson other than the design’s originator.

dation testing shall be performed to verify that the component design meets the techn
ns. The design validation grade specifies the process of proving a design by testin
e conformity of the product to design requirements for each validation grade per Anne
pvides a detailed description of the two validation grades (V1 and V2) in this part of ISO 15

mponent functional evaluation requirements

evaluations shall be performed in accordance with Annex C and-approved by a quali
Uerify that each component manufactured meets the supplier/manufacturer’s documer
hts, technical specification, and the functional specification.<Phe results of these evaluat
rorded and become a portion of the quality documentatiomfor that component.

sembled system functional evaluation

ted by the user/purchaser, functional evaluationds performed in accordance with Annex E
y a qualified person to verify that the assembled system meets the supplier/manufactur
d requirements. The results of these evaluations shall be recorded and become a portio
documentation for that system.

sign changes

changes shall be documented. and reviewed against the design verification and de

omes a new design requiring design verification as specified in 6.2.5 and design valida
1 in 6.2.6.

hlidated and veyified through the same methods utilized for the original componen

d testwrestlts and analysis that demonstrate that the component or subcomponent(s)
simulates the required range of design criteria conditions.

ical
b to
X A.
b51.

fied
ted
ons

and
er’s

in of

bign

to determine if the change.is' a substantive change. A design that undergoes a substanfive

fion

a component identified as a substantive change require design validation. Design change(s)

[ or
bign

hditions.ofthe component at its rated limits. The supplier/manufacturer shall docunpent

test

6.3 Technical specification — All components

6.3.1 Technical characteristics

The following criteria shall be met.

a) The components shall be compatible with related well equipment and services as defined in Clause 5.

b) While installed and operated, the components shall perform in accordance with the functional

specifi
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cation.
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6.3.2 Performance rating

6.3.2.1 Shaft power rating

The supplier/manufacturer shall specify the shaft power rating, where applicable, at the reference
speed and temperature, typically reported as horsepower. The shaft power rating shall be determined
through validation testing as outlined in 6.2.6 and detailed in Annex A.

6.3.2.2 Shaft coupling rating

Thersuppher/mmamutacturerstrattspetify thestaft coupting rating, whereappticabte;at the reference
spepd and temperature, typically reported as horsepower. The shaft coupling power rating shall be
determined through validation testing as outlined in 6.2.6 and detailed in Annex A.

6.4 Technical specification — Bolt-on discharge

6.4{1 General

The supplier/manufacturer shall prepare the technical specificatioh-for the bolt-on disgharge that
responds to the functional requirements. The supplier/manufacturer shall also provjde to the
usef/purchaser component data defined in 7.2.

6.4)2 Technical characteristics for the discharge

The discharge shall serve as a connection between the top of the ESP pump section arld the well
profduction tubing.

6.4]3 Performance ratings

6.4)3.1 Maximum flow capacity

The supplier/manufacturer shall provide the maximum recommended flow capacity rating jof the bolt-
on dlischarge in accordance with\Annex A.

6.4{3.2 Pressure rating

The supplier/manufacturer shall provide the pressure rating in accordance with Annex A.

6.4/4 Scaling.of design validation

Scaling of désign for this component is not allowed.

6.5| /Technical specification — Pump and gas handler

6.5.1 General

The supplier/manufacturer shall prepare the technical specification for the pump and gas handler
that responds to the functional requirements. The supplier/manufacturer shall also provide to the
user/purchaser component data defined in 7.2.

6.5.2 Technical characteristics for the pump and gas handler
The pump shall move fluid against a differential pressure.

The gas handler shall move fluid against a differential pressure and condition the fluid to change the
properties or characteristics of the fluid.
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Requirements for bolt-on intake and bolt-on discharge do apply when integral to the pump or gas handler.

6.5.3 Performance ratings

6.5.3.1 Design performance curves — Water only

The supplier/manufacturer shall provide the design performance curves - water only in accordance
with Annex A.

6.5.3.2 Maximum gas volume fraction (GVF) rating

The suppl
with Anne|

6.5.3.3 K

The suppli

6.5.3.4 K

The suppli

6.5.4 Scaling of design validation

Scaling of
housing is

6.6 Tech

6.6.1 Ge|

The suppli
to the fun
component

6.6.2 Te
The follow

a) Thein
gas se}

b) Thein

kake shall provide a flow path from the well bore to the inlet of the pump, gas handle

er/manufacturer shall provide the maximum gas volume fraction rating in accordd
K A.

ump stage thrust

er/manufacturer shall provide the pump stage thrust in accordance with“Annex A.

fousing pressure rating

er/manufacturer shall provide the housing pressure rating in acéordance with Annex A.

esign for this component is not allowed. Changes to-the number of stages in a given pu
hot considered scaling.

Inical specification — Bolt-on intake

neral

br/manufacturer shall prepare the technical specification for the bolt-on intake that respg
tional requirements. The supplier/manufacturer shall also provide to the user/purch
data defined in 7.2.

rhnical characteristics for the intake

ng criteria shallbe'met.

barator.

fake Shall contain a shaft to transmit torque and thrust.

nce

mp

nds
hser

, OI

6.6.3 Pe

formrance ratings

The supplier/manufacturer shall provide the maximum flow capacity in accordance with Annex A.

6.6.4 Scaling of design validation

Scaling of design for this component is not allowed.
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Technical specification — Mechanical gas separators

1 General

The supplier/manufacturer shall prepare the technical specification for the mechanical gas separator
that responds to the functional requirements. The supplier/manufacturer shall also provide to the
user/purchaser component data defined in 7.2.

6.7.

2 Technical characteristics

Th
a)

b)
c)
6.7
The

6.7

Sca
6.8

6.8

Thd
tha
use

6.8
Thd

fottowing critertasiattbe met:

The gas separator shall separate free gas from the fluid entering the ESP pump or g
section and vent to bypass the pump or gas handler.

The gas separator shall contain a shaft to transmit torque and thrust.

Requirements for bolt-on intake also apply when it is integral to the gas Séparator.

3 Performance ratings

as handler

supplier/manufacturer shall provide the gas separator performance curve in accordance with Annex A.

4  Scaling of design validation

ing of design for this component is not allowed.
Technical specification — Seal chamber sections

1 General

supplier/manufacturer shall prepare the technical specification for the seal chaml
responds to the functional requirements. The supplier/manufacturer shall also proy
/purchaser component datadefined in 7.2.

2 Technical characteristics
following criteria hall be met.
The seal chambger sections shall prevent contamination of the ESP motor with well fluid

The seal-chamber sections shall provide a means for pressure compensation between t
and exferior pressure of the seal chamber sections.

Whern the seal chamber section contains the shaft, the shaft shall provide a means for ti

er section
Fide to the

he interior

ansferring

the rpqnirpd torque and, where npplirnhlp thrust

d) The seal chamber sections shall handle axial thrust generated by the pump and motor, as

6.8.

6.8.

required by design.
3 Performance ratings

3.1 Volume contraction capacity

The supplier/manufacturer shall provide the volume contraction capacity in accordance with Annex A.
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6.8.3.2 Operating deviation limits

The supplier/manufacturer shall provide the operation deviation limits in accordance with Annex A.

6.8.3.3 Thrust bearing load capacity

The supplier/manufacturer shall provide the thrust bearing load capacity in accordance with Annex A.

6.8.3.4 Minimum operating speed for thrust bearing

The supplj
accordancg

6.8.3.5

The supplike

with Anne

6.8.4 Scaling of design validation

Scaling of (

6.8.5 Ho

The suppli
6.9 Teck

6.9.1 Ge

The suppl
the functi
component

6.9.2 Te

The motor
component

6.9.3 Pe

6.9.3.1

The suppl

i
fnal requirements. The supplier/manufacturer shall also provide to the user/purch

Motor voltage for minimum current

with Annex A.

[lumber and severity of pressure cycles

r/manufacturer shall provide the number and severity of pressure cyclés, in accordd
KA.

lesign for this component is not allowed.

rsepower requirement
br/manufacturer shall provide the horsepower requirement in accordance with Annex A

Inical specification — Motors

neral

r/manufacturer shall prepare the technical specification for the motor that respond

data defined in Z.2.

rhnical characteristics

shall convert input.-€lectrical power to the required torque needed to rotate all coupled
s at the required-design frequency.

rformance fatings

nce

5 to
iSer

ESP

er/manufacturer shall provide the motor voltage for minimum current in accorda

nce

X A.

with Anne

6.9.3.2 Motor performance parameters

The supplier/manufacturer shall provide the following motor performance parameters: motor amperage,
speed, torque, input kilowatts, efficiency, power factor, and winding temperature rise at 100 % rated
output power. These parameters shall be in accordance with Annex A.

6.9.3.3 Motor operating internal temperature limits

The supplier/manufacturer shall provide the minimum and maximum internal motor operating
temperature limits in accordance with Annex A.
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6.9.3.4 Locked rotor current, torque, and power factor

The supplier/manufacturer shall provide the locked rotor current, torque and power factor values in
accordance with Annex A.

6.9.4 Scaling of design validation

Scaling of the design of this component is allowed per A.3.7.4.

6.10 Technical specifications — Power and motor lead extension cable

6.10.1 General

The supplier/manufacturer shall prepare the technical specification for the power cablé and[motor lead
exténsion (MLE) cable, hereafter referred to as “cable” that responds to the functional recaluirements.
The supplier/manufacturer shall also provide to the user/purchaser component.data defined in 7.2.

6.10.2 Technical characteristics
The following criteria shall be met.
a) |The cable shall conduct electricity from the surface to the deiwvnhole motor.

b) |The cable shall insulate the voltage supplied to the dowrthole motor.
6.10.3 Performance ratings

6.10.3.1 Cable voltage rating

=

The supplier/manufacturer shall provide the cable voltage rating in accordance with Annex

6.10.3.2 Cable temperature rating

The supplier/manufacturer shall\provide the cable temperature rating in accordance with Ahnex A.

6.10.3.3 Cable ampacity coefficients

The supplier/manufaettrer shall provide the cable ampacity coefficients in accordance with|Annex A.

6.19.3.4 Cablecenductor size

The suppliet/manufacturer shall provide the cable conductor size in accordance with Annex{A.

6.1903.5 Cable acceptable minimum bending radius rating

The supplier/manufacturer shall provide the cable acceptable minimum bending radius rating in
accordance with Annex A.

6.10.4 Scaling of design validation

Scaling of the design of this component is not allowed.
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6.11 Technical specifications — Pothead

6.11.1 General

The supplier/manufacturer shall prepare the technical specification for the pothead that responds
to the functional requirements. The supplier/manufacturer shall also provide to the user/purchaser
component data defined in 7.2.

6.11.2 Technical characteristics

The follow
a) The pa
b) The pa
c) The pd
6.11.3 Pe

6.11.3.1 H

The suppli

6.11.3.2 H

The suppli

6.11.3.3 H

The supplic

6.11.3.4 H

Ng Critertasitatt be met:
thead shall conduct electricity from the cable to the downhole motor.
thead shall insulate the voltage supplied to the downhole motor.

thead shall seal the connection to prevent motor contamination by well flgid-
rformance ratings

othead voltage rating

er/manufacturer shall provide the pothead voltage ratingjn accordance with Annex A.

othead temperature rating

othead ampacity coefficients

br/manufacturer shall provide the pothead ampacity coefficients in accordance with Anng

othead differential pressure performance

The suppller/manufacturer shall previde the pothead differential pressure performance ratin

accordancg

6.11.3.5 H

The supplig
with Anne}

with Annex A.

othead thermal cycling performance

br/manufactui'ershall provide the pothead thermal cycling performance rating in accorda
KA.

6.11.4 SCI

lingefdesign validation

er/manufacturer shall provide the pothead température rating in accordance with Annex A

>

X A.

D

nce

Scaling of the“design of this component is not allowed.

6.12 Assembled ESP system

6.12.1 Ge

neral

The supplier/manufacturer shall prepare the technical specification for the assembled ESP system
that responds to the functional requirements. The supplier/manufacturer shall also provide to the
user/purchaser component data defined in 7.2.
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6.12.2 Technical characteristics

The ESP assembled system shall be designed to convert input electrical power into hydraulic power to
move fluid to a point.

6.12.3 System capabilities

6.12.3.1 Axial strength and bending tensile load

The supplier/manufacturer shall provide the axial strength and bending tensile load capability in
accgrdarce withrAmmex5-

6.12.3.2 Surface temperature rating

The supplier/manufacturer shall provide the surface temperature rating in accordance with{ Annex B.

6.12.3.3 Amperage rating

The supplier/manufacturer shall provide the maximum amperage rating-in accordance with| Annex B.

6.12.3.4 Dogleg severity limits

The supplier/manufacturer shall provide the dogleg severity limits in accordance with Annex B.

6.12.3.5 Deviation limits

The supplier/manufacturer shall provide the maximum deviation limits which the ESP asserhbly can be
run|through and operating at in accordance withAnnex B.

6.12.3.6 Installed operating temperature

Theg supplier/manufacturer shall provide the installed operating temperature range in accordance
with Annex B.

6.12.3.7 Maximum pressurization and depressurization rates

The supplier/manufacturer shall provide the maximum pressurization and depressurizatipn rates in
accordance with AnneXB.

6.12.3.8 Surface-power requirements

The suppliér/manufacturer shall provide the input surface power required to the power dable at the
wellhead in-accordance with Annex B.

6.12-3-9Assembled ESP systermrmotor fluid percentage utitizatiomrof each seat chamber

contraction capacity

The supplier/manufacturer shall provide the assembled ESP system motor fluid percentage utilization
of each seal chamber contraction capacity in accordance with Annex B.

6.12.3.10 Minimum operating speed

The supplier/manufacturer shall provide the minimum operating speed in accordance with Annex B.

6.12.3.11 Maximum operating speed

The supplier/manufacturer shall provide the maximum operating speed in accordance with Annex B.
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7 Supplier/manufacturer requirements

7.1 General

This clause contains the detailed requirements to verify that each component manufactured meets
the requirements of the functional and technical specifications. Design validation performance rating

requirements by component are addressed in Annex A.

7.2 Documentation and data control

7.2.1 Gelneral

The supplfer/manufacturer shall establish and maintain documented procedures to .cointrol
documentqd and data that relate to the requirements of this part of ISO 15551. These documents
data shall pe maintained to demonstrate conformance to specified requirements. Al{.documents
data shall e legible and can be in any type of media, such as hard copy or electronieg.

All documgnts and data shall be available and auditable by the user/purchaser within 14 d after requ
The suppliper/manufacturer can limit availability and auditing of sensitive @arproprietary documg
and data tq visual, controlled access review only.

all
and
And

est.
ents

Design doquments (6.2.1), data, and component data sheet(s) shall be mdintained for 10 years after dlate

of last manufacture of that component.

Delivery arjd manufacturing related documentation shall be maintained for 5 years after date of deliy
and manufpcture.

7.2.2 Delivery documentation

ery

Documentation supplied at the time of delivery of @ach component to the user/purchaser shall include

the followihg as a minimum:

a) identiffication by component including ancillary equipment;

b) name 4nd address of supplier/manufacturer and assembly location identification where compoment

was agsembled;
c) serial number;
d) partspumber(s);
e) nameplate values;

f) dimenpions and'weights of each component;

g) functignal evaluation documentation according to the specified functional grade (including tesf

—

ng

facilitylocation);
h) quality documentation according to specified quality grade;
i) validation grade;
j) design summary sheets for the application, where applicable;

k) component internal fluids used such as motor fluid type, pump preservation fluid.
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7.2.3 Operator’s manual

When required by the quality grade or the user/purchaser, the operator’s manual shall be supplied and
contain the following information:

a)
b)

A

d)
e)
f)
g)

7.2
Wh

name and address of supplier/manufacturer;

supplier/manufacturer component identification;

representative illustration(s) identifying major ESP components, significant dimensions and

configurations, and details of the interface connections;

handling and storage guidelines;
pre-installation inspection and pre-service procedures;
installation and removal guidelines;

operating and troubleshooting guidelines including precautions for safe and envir
acceptable operation.

4 Certificate of compliance

and shall state that the component meets the following requivements:

quality grade;
functional grade;

validation grade.

The statement shall include the component identification and shall be approve

sup

7.2

7.2
Wh

plier/manufacturer’s designated qualified person.
5 Component data sheet

5.1 General

bn required by the-quality grade or the user/purchaser, a component data sheet shall |

and| shall contain thefolowing information in 7.2.5.2 for all components and the additional
infqrmation contained in 7.2.5.3 through 7.2.5.10.

7.2

5.2 All'components

The supplier/manufacturer shall provide the following information for all components:

a)
b)

©IS

bnmentally

en required by the quality grade or the user/purchaser, cerfificates of compliance shall e supplied

d by the

e supplied
applicable

aguality orade:
I [=)

validation grade;
product identification by component including ancillary equipment;
dimensions and weights, installed;

shaft power rating, where applicable

where applicable, radial bearing configuration description, such as bearing material type and spacing;

spline diameter and type, where applicable;

materials for housings, shafts, and fasteners, where applicable;
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external coating types used, where applicable;

maximum operating temperature rating, where applicable;

compatibility as defined by the supplier/manufacturer;

rotational direction (bi-directional or clockwise/counter-clockwise as viewed from the top);

and duration.

i)

j)

k) flange
1)

m)
7.2.5.3
The suppli
to be suppl
a) conne
b) flow c:
c) pressu
7.2.5.4 K

olt on discharge

er/manufacturer shall provide the following information for each type of bolt on.dischd
ied:

tion specifications such as thread type, size, and weight;
\pacity rating;

re rating.

ump and gas handler

The supplier/manufacturer shall provide the following informatioh*for each type of pump and

shipping, handling, and storage requirements for appropriate storage environmental conditions

rge

gas

ake

handler components supplied:

a) design|lperformance curves (water only);

b) maxinum GVF rating;

c) pump ptage thrust;

d) housing pressure rating;

e) pump fonstruction;

f) numbdr of stages;

g) stage tlype (axial, mixed flow, radial), name, and material;
h) pump ftage coating type,where applicable.

7.2.5.5 Bolton intake

The supplier/manufacturer shall provide the following information for each type of bolt on inf
to be supplied:

a) flow capacity rating;

b)

inlet screen material, opening size, and total inlet area, where applicable.

7.2.5.6 Mechanical gas separator

The supplier/manufacturer shall provide the following information for each type of mechanical gas
separator supplied:

a) performance curve;

b)

36

inlet screen material, opening size, and total inlet area, where applicable.
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5.7 Seal chamber section

The supplier/manufacturer shall provide the following information for each type of seal chamber
component supplied:

a)
b)

‘)

volume contraction capacity;
operating deviation limits;

thrust bearing type, load capacity, rotational direction, and location (such as top or bott

om);

d)
e)
f)
g)
h)
i)
j)
k)
1)
7.2
The

horsepower requirements;

minimum operating speed for thrust bearing;
number and severity of pressure cycles;

total number and type of seal chamber sections;
bag/bladder/bellows material, where applicable;

chamber sequence order from top to bottom and connectiofr’type between seal
(parallel or series);

total number of mechanical shaft seals;
total motor fluid volume;

check valve operating pressure.

5.8 Motor

chambers

supplier/manufacturer shall provide the following information for each type of motor sfipplied:

motor performance parameters, per,6.9.3.2 and Annex A;
motor voltage for minimum curteént;

motor operating internaltemperature limits;

locked rotor current;torque, and power factor;

nameplate horsepewer, motor voltage, and resulting amperage;
thrust bearingtype, load capacity, rotational direction, and location (such as top or bott
motor insulation voltage rating;

motor fluid volume;

i)

7.2.

connection type to the MLE, such as tape-in or plug-in.

5.9 Power and motor lead extension (MLE) cable

The supplier/manufacturer shall provide the following information for each type of cable and MLE supplied:

a)
b)
A
d)

voltage rating;
temperature rating;
ampacity coefficients;

conductor size;
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e) acceptable minimum bending radius rating;

f) conductortype (suchassolid,stranded, or compactstranded),and conductor coating, where applicable.
If the conductor uses stranded cable, the supplier/manufacturer shall specify the number of strands;

g) conductor shield material and thickness, where applicable;
h) geometry (flat or round);
i) insulation material(s) and thickness;

]) barrierlaver material and thickness where npp]irnhlp-

k) braid, where applicable;

1) jacket(s) material, where applicable;
m) armor[material and construction details (such as thickness, width of wrap, class of'galvanizatidqn);
n) maxinjum acceptable DC leakage value expressed in ampere/volt/length;

0) minimum ambient temperature for handling.

7.2.5.10 HRothead
The suppligr/manufacturer shall provide the following information‘for each type of pothead suppli¢d:
a) voltage rating;

b) temperature rating;

c) ampadjty coefficients;

d) differgntial pressure performance rating;

e) thermal cycling performance rating;

f) minimum ambient temperature forthandling;

g) connegtion type to the motor, such as tape-in or plug-in and motor series;

h) housing material;

i) sealing element material(s).
7.3 Componentdidentification

7.3.1 Pefrmanent identification

Each component, with the exception of the discharge head, shall be permanently marked with the
component’s unique identifier.

The bolt-on discharge head shall be permanently identified with the material type and thread type.

7.3.2 Semi-permanent identification

Each component shall be semi-permanently identified according to the supplier/manufacturer
specifications, with the following information:

a) Pump and gas handler: stage name, number of stages, shaft material, pump construction, part
number, unique identifier, series, configuration, housing material, shaft size, bearing material.

b) Bolt-on intake: series, part number, shaft size, shaft material, bearing material, housing material.
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c) Mechanical gas separator: configuration, unique identifier, model, series, part number, shaft size,

shaft material, bearing material, name (such as rotary), housing material.

d) Seal chamber section: configuration, motor fluid, model, part number, unique identifier, shaft
material, housing material, series, bag/bladder/bellows type and material, o-ring material, thrust

bearing type (such as standard, high load), chamber type and sequence.

e) Motor: series, horsepower, configuration, motor fluid, part number, unique identifier, shaft material,

housing material, thrust bearing type (such as standard, high load), radial bearing materi
current, frequency.

al, voltage,

)

7.4

7.4

The
by

sup
req
any

Eac
tha
con
con
tot

7.4
The

Tabje 2 specifies the percentage.of components to be inspected for each purchase order with

of 1
use

For
insy
less
Tes

Con
for

plier/manufacturer’s applicable specifications drawings;, procedures, and stand
lirement also applies to all sub-suppliers to the supplier/manufacturer. This requiremenf applies to

POwer and motor lead extension cable: part NUMbper, Unique identitier, COnductor SIiZE,
main power cable, length of cable to be indicated on cable reel; for motor lead extension :
to be indicated on removable tag or stamped on pothead housing).

Quality

1 General

supplier/manufacturer shall have documented quality centrol procedures imn
qualified personnel to ensure that each component supplied/manufactured confor

component or sub-component supplied as conforming to'the requirements of this part of]

h supplier of components used in the assembled ESP system shall have quality systems in
validate conformity of each component to the‘specified requirements. Verifiable €
formity to the requirements shall be recorded and provided by the supplier/manufactur
ponentin conformance with the selected quality grade. Component validation records sh
he supplier/manufacturer’s data controls.

2 Quality grade requirements

requirements defined in Table 2'shall be implemented as specified in the referenced

Where the percentage oflcomponents inspected is less than 100 %, the supplier/manufad
a documented method for determining the sample size.

Table 2, sub-compuonient by defined sample size refers to the percentage of sub-compo
ected per heat,orbatch lot with a minimum of 1. Where the percentage of sub-components i
than 100 %, thé supplier/manufacturer shall use a documented method for determining the §

ring methods specified in Table 2 are considered minimum requirements to meet the qu
formance to the requirements of a higher quality grade automatically qualifies the final
lower® grades. These procedures include acceptance criteria for all manufactured c

furpished to this part of ISO 15551.

length (for
hble, length

plemented
ms to the
hirds.  This

ISO 15551.

plemented
vidence of
pr with the
h1l conform

tubclauses.
h minimum
turer shall

:Lents to be

spected is
ample size.

lity grade.
component
bmponents

Table 2 — Quality grade requirements summary for ESP components/sub-compo

nents

Property

Q3 Q2 Q1

Material certifi-
cate (metals and
non-metals) (see
7.5)

Per supplier/manufac- Subcomponents by defined |Per Q2 with 100 % for s
turer sample size excluding: nents excluding:

— common hardware — common hardware

— process materials (such as

penetrants, solvents) etrants, solvents)

— shipping materials/equip- |— shipping materials/e

ment

— process materials (such as pen-

ub-compo-

quipment
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Table 2 (continued)

Property Q3 Q2 Q1
Coatings and sur- | Per supplier/manufac- Per supplier/manufacturer |Subcomponents by defined sample
face treatments |turer size (hardness shall be measured
(see 7.6.2) using coupons and/or dedicated
subcomponent test samples)
Non-destructive |Visual inspection as to Per Q3 with 100 % of compo- | Per Q3 with 100 % of components
weld examina- 79.2.2 nents and sub-components |and sub-components with mag-
tion for welds with magnetic particle or netic particle or liquid penetrant
(See 792) ]iglnir‘ pnnnhﬂanf orradio or rar‘ingvap]’\ir‘ r\rn]fracr\hir‘p r
graphic or ultrasonic per supplier/manufacturer insp€etion
supplier/manufacturer type selection criteria.
inspection type selection
criteria.
Componentland |Per supplier/manufac- 100 % of components and Per Q2 with 100 %-of the comp¢-
subcomporlent  |turer subcomponents by defined |nents and subsc6mponents not
dimensiongl sample size including:
;ngsgz)ectlon 5e¢ pump stage'flow path, common
T hardware
— tapes

+ motor laminations

— process materials (such as p¢n-
etrants, solvents)

— encapsulation materials

— shipping hardware and matsg

rials
Securing offsta- 100 % of sub-components | 100 % of'sub-components 100 % of sub-components
tor laminatjons
(see 7.9.4.1)
Securing offrotor |Sub-components by Sub-components by defined |100 % of sub-components
lamination$ (see |defined sample size sample size
79.4.2)
Electrical integ- |100 % of sub-compohents | 100 % of sub-components 100 % of sub-components
rity (see 7.9.4.3)
Gas block t¢st for |Per supplier/manufac- Per supplier/manufacturer |One sample of each production fun
power and otor |turer
lead extensfion
cable (see 19.4.4)
Documentdtion [Rersupplier/manufac- Per Q3 with component data |Per Q2 with Functional drawings
(see 7.2) turer sheet, certificate of compli- |which are to include external
ance profiles/dimensions and a cut

awav view showing the interna
4 (=]

subcomponents, operator’s manual

Traceability Per supplier/manufac- Per supplier/manufacturer |100 % per 7.7
turer

NOTE 1 For the purposes of this table, “Per Supplier/Manufacturer” requires that the supplier/manufacturer
has documentation that supports the processes used which are approved by a qualified person.

NOTE 2 For the purposes of this table, 100 % refers to all components/sub-components (not including common
hardware) and not 100 % of the component/sub-component itself (such as surface area).

7.5 Raw materials

When required by the quality grade or when specifically requested by the user/purchaser, raw material
used in the manufacture of components and subcomponents shall have a material certification report
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to verify conformance to the chemistries and properties defined in the supplier/manufacturer’s
documented material specifications. All materials shall be provided by audited and approved material
suppliers. Material certifications are not required for common hardware or shipping hardware.

7.6 Additional processes applied to components

7.6.1 Documentation

Documentation of the processes described in 7.6.2, 7.6.3, and 7.6.4 shall conform to at least one of the
following requirements when approved by a qualified person:

— |certificate of conformance stating that the material and processes applied shall ¢onfprm to the
supplier/manufacturer’s documented specifications and acceptance criteria; or

— |materialtestreportverifyingthatthematerialsand processesconformtothesupplier/manufacturer’s
documented specifications and acceptance criteria.

7.6]2 Coatings and surface treatments

Coatings and surface treatments shall be performed according\to documented prog¢edures or
intdrnational or national reference standards that result in a componient or subcomponent which meets
the[supplier/manufacturer’s acceptance criteria.

When required by the quality grade, the surface hardness<shall be measured using couppns and/or
dediicated subcomponent test samples, based on the supplier/manufacturer’s sampling progfam. When
coupons are used, they shall be placed or selected to reflect known sources of potential procesp variation.

7.6]3 Welding

Welding and brazing procedures and personnel qualifications shall be in accordance with| a national
or international standard such as ASME BPVC Section [X or AWS D1.1/D1M. Material anfl practices
not|listed in these standards shall be @pplied using weld procedures qualified in accordance with a
natjonal or international standard such as the methods of ASME BPVC Section IX or AWS B4.1/B2M, or
an;[:ternational standard.

Supjplier/manufacturer shall énsure that welding and brazing procedures are appropriate for the specific
wel|] application considering issues such as corrosion susceptibility and hydrogen embrittlement.
Supplier/manufacturer-shall have documented acceptance criteria for all welds. Supplier/m%]nufacturer
shal]l have a documerited procedure approved by a qualified person for selecting the non-
welfl inspection process used.

estructive

7.614 Heattreating

Hedt treatihg shall be performed according to documented procedures that results in a fFomponent
whichumeets the supplier/manufacturer’s acceptance criteria.

7.7 Traceability

For Q3 and Q2 quality grades, traceability shall be in accordance with supplier/manufacturer’s
documented procedures.

For Q1 quality grade, all sub-components, with the exception of common hardware, process materials
(such as penetrants, solvents), and shipping hardware shall be traceable to their raw material heat(s) or
batch lot(s) and shall have a unique identifier. The unique identification of subcomponents shall allow
for traceability of the subcomponent to the point that it is installed into the finished component.

Traceability of equipment is considered sufficient if the equipment meets the requirements of this part
of ISO 15551 when it leaves the supplier/manufacturer’s inventory as a finished component.
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7.8 Calibration systems

Inspection, measuring, and testing equipment used for acceptance shall be used only within its calibrated
range and shall be identified, controlled, calibrated, and adjusted at specific intervals in accordance
with the manufacturer’s procedures, not to exceed one year. Manufacturer’s procedures shall be based

on an inter

nationally recognized standard such as ISO/IEC 17025 or ANSI/NCSL Z540.3.

Technologies for inspection, measuring, and testing with verifiable accuracies equal to or better than
those listed in this part of ISO 15551 can be applied with appropriate documentation and when approved
by qualified personnel.

Calibration
lengthened
however, ¢

The range
capabilitie
measured
measured
or assemb

operational system and used only within their calibrated ranges that facilitate repeatable reading

a qualified

or shortened based on documented repeatability, amount of usage, and calibration hist
hlibration shall occur on an annual basis.

5, calibrations, resolutions, reading capabilities, time based increments, jand recorg
b shall have a confirmed accuracy that allows each parameter used fory aCceptance tq
Fo a level of accuracy that ensures the conformance to the defined acceptance criteria.
y under test. All measuring and instrumentation systems shall-be’ calibrated as a f]

person.

7.9 Examination and inspection

7.9.1 Ge

When sped
and inspec

specificatipns that shall include the requirements defined in this clause and acceptance criteria.

NDE instry
with this
examiner

qualified i accordance with the suppliér/manufacturer’s procedures as a minimum for evaluation

interpretat
accordancg
manager s

pre-specified criteria (such aseye examination chart readings from a specified distance).

The inspec
NOTE i
7.9.2 Wg

neral

ified by the supplier/manufacturer or user/purchaser, non-destructive examinations (N
tions shall be performed and accepted according to the supplier/manufacturer’s documer

art of ISO 15551. All NDE instructions shall be approved by a qualified ISO 9712 Leve
ind performed by a qualified, person. Personnel performing and accepting NDE shal

ion. Personnel performing)visual examinations shall have an annual eye examinatio

with IS0 9712, as applicable to the discipline to be performed. As an alternative, the qug
hall be authorized td_qualify quality inspector’s reading/observation capabilities basec

tion results shall be documented.

or the purposes of thisrequirement, ASNT Recommended Practice SNT-TC-1A is equivalent to ISO 9

r1d

intervals shall be established based on repeatability and degree of usage. Intervals cah be

ory,

ling
be
ach

parameter shall be recorded as directly as practical from the subcomponent, componfent,

ully
5 by

DE)
ted

ctions shall be detailed in the suppliér/manufacturer’s documented procedures and comply

| 111

be
and
N in
lity
| on

/12.

7.9.2.1 General

Weld inspections shall be performed as specified by the quality grade and according to the requirements

of this clau

Se.

7.9.2.2 Visual inspection

All visible welds shall be visually inspected and reported in accordance with the quality grade. The
following features shall be considered unacceptable in the visual inspection of a weld:

a) cracks
b) inclusi
42

in base or filler metal;

ons;
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c) surface defects.

Visual inspection requires implementation of inspections with documented procedures that included
specific acceptance criteria and with approved and recorded results. Visual inspection requires that
100 % of the accessible/visible surfaces are inspected.

7.9.2.3 Radiographic inspection

Radiographic inspections shall meet the requirements of a national or international standard such as
ASTM E94 and acceptance criteria shall be in accordance with a national or international standard such
as ASME BPVC Section VIIT Division I 1TW-51 or ASME B31 3

7.9)2.4 Ultrasonic inspection

Ultgasonic inspections shall meet the requirements of a national or international* standajrd such as
ASNIE BPVC Clause V, (Non-destructive Examination), Article 5. Acceptance criteria shall be in accordance
with a national or international standard such as ASME BPVC, Clause VIII, Diyision 1, Appenglix 12.

7.9{2.5 Magnetic particle inspection

Magnetic particle inspection shall be in accordance with a nationalhor international standgrd such as
ISO[13665 or ASTM E709.

7.9{2.6 Liquid penetrant inspection

Liqpiid penetrant inspection shall be in accordance with a national or international standdqrd such as
1SO[12095 or ASTM E165.

7.9)]3 Component and subcomponent dimemnsional inspection

7.9{3.1 General

Components and subcomponents shall be dimensionally inspected in accordance with the quality grade
to ensure compliance with the stipplier/manufacturer’s design criteria and specifications.

7.9)3.2 Shaft straightness

The supplier/manufacturer shall have documented procedures performed by qualified| personnel
for |shaft straightneSs to ensure compliance with the supplier/manufacturer’s design criteria and
spefifications priorto final assembly. The documentation of the final straightness measurements shall
be provided to\the user/purchaser where applicable.

7.913.3, \(Stator bore straightness

The cnpp]iprl/mqnnf;lrh]rpr shall have documented prnr‘pdnrpc pprfnrmpd hy qnq]ifipd pe Fsonnel for
stator bore straightness to ensure compliance with the supplier/manufacturer’s design criteria and
specifications prior to final assembly. The documentation of the final straightness measurements shall
be provided to the user/purchaser where applicable.

7.9.4 Construction features

7.9.4.1 Securing of stator laminations

The supplier/manufacturer shall have documented procedures performed by qualified personnel
to secure the stator laminations inside the stator housing from rotating under full voltage starting
conditions. The supplier/manufacturer shall have a documented quality check procedure performed by
a qualified person to verify the laminations have been secured.
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7.9.4.2 Securing of the rotor laminations

The supplier/manufacturer shall have documented procedures performed by qualified personnel
to secure the rotor laminations from shifting or loosening under starting or steady-state operating
conditions. The supplier/manufacturer shall have a documented quality check procedure performed by
a qualified person to verify the rotor laminations have been secured.

7.9.4.3 Electrical integrity

Throughout the manufacture of the stator, cable, and pothead, the supplier/manufacturer shall have

documented prnrndnrnc pprfnrmnd ]‘\y qll:l]ifipd pnrcnnnn] to ensure the electrical ihfpgrify The

electrical iptegrity of the finished component shall be validated per Annex C.

7.9.4.4 (as block test for power and motor lead extension cable

The supplier/manufacturer shall have documented procedures performed by qualified’ personngl to
ensure a ggs block test conforming to IEEE 1018 or IEEE 1019 is performed on the manufactured section
of power and motor lead extension cable.

7.10 Manufacturing non-conformance

The supplier/manufacturer shall establish and maintain documentéd procedures to ensure that a
component or subcomponent that does not conform to specifiedyrequirements is prevented ffom
being delivered or installed. This control shall provide for the identification, segregation, evaluatfion,
documentdtion, and disposition of a non-conforming component.or sub-component.

Non-conforming components or sub-components dispositioned for re-work shall be re-inspectedl to
the same fequirements as the original component or_sub-component. Non-conforming compong¢nts
or sub-conmiponents dispositioned for use as-is, are acgeptable for Q2 and Q3 quality grades provided
that the difpositioned component or sub-componentis evaluated and approved by a qualified pergon.
Responsibility for review and authority for disposition of non-conforming components and gub-
component{s shall be defined by the supplier/manufacturer’s documented procedures.

7.11 Component functional testing

Functional| testing shall be successfitly performed by the supplier/manufacturer on each component
manufactulred in accordance withithis part of ISO 15551. Functional test results shall be recorded, dafted,
and signed| by qualified persofinel performing the test. The testing details and acceptance criteria shall
be defined by the supplier/manufacturer’s documented procedures. Functional testing shall conform to
requirements of Annex C¢

8 Repajr/redress

Repair/redress activities are not covered within this part of ISO 15551. Components supplied underfthe
requiremehrtsofthispartef1S015551 shallnetinel

TCO-OTtIITS )4 o )4 T T SO T O P OTICTTICoT

9 Shipping, handling, and storage

9.1 General

Components shall be handled, stored, and shipped according to the documented processes and
specifications of the supplier/manufacturer to prevent deterioration. Components shall be packaged
for transport according to supplier/manufacturer documented specifications to prevent damage from
normal handling and contamination. All material provided for transport shall be clearly identified for
removal prior to use. API RP 11S3 provides guidelines for appropriate practices of component handling.
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9.2 Storage

Components shall be stored in compliance with the guidelines provided in the component data sheet
to prevent damage or deterioration under environmental conditions specified in the functional
requirements.

Forcomponentsthathavebeenstoredforprolongedperiods,orthathavebeenstoredunderenvironmental
conditions that are outside those specified in the user functional requirements, the user/purchaser shall
consult with the supplier/manufacturer to determine the shelf life of the components.
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Annex A
(normative)

Design validation performance rating requirements by component
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Results from design validation testing are not necessarily. directly applicable for predictio

¢ defines the validation grade requirements which include multiple individual valida

hance ratings as defined in Clause 6. The supplier/manufacturer shall document the valida
ures and results in a design validation file conforming to the requirements of Z 2. The file s

the originator. This review shall confirm that, as a minimum, all of the’design valida
nts of this part of ISO 15551 have been met. All testing shall be perférmed to conform to

nts of 7.2, 7.3, 7.4, 7.6, and 7.8 and to document procedures which include acceptance crit
sults approved by a qualified person.
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ponents qualified to higher grades of design validation shall be considered qualified for lo
esign validation. The specific'requirements of each design validation grade are in Table £
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esign validatioprassumptions, calculations, evaluations, test results, and other suppor
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Table A.1 — Design validation grade requirements

ESP compo

nent Requirement V2

All, where applicable

>
W
—

Shaft power rating Per supplier manufacturer

v

w

>
)
-
N

Shaft coupling rating Per supplier/manufacturer

Bolt on disc

harge head Per supplier/ manufac-

turer

>
%]

>
ko
Do

Maximum flow capacity rating

>
%]
>
«
™

Pressure rating AsA.3.2.2
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Table A.1 (continued)

ESP component Requirement V2 A%
Pump and gas handler |Design performance Per supplier/manufacturer | As A.3.3.2
curves — water only
Maximum GVF rating Per supplier/manufacturer [As A.3.3.3
Pump stage thrust Per supplier/manufacturer |As A.3.3.4
Housing pressure rating As A.3.3.5 As A.3.3.5
Bolt on intake Maximum flow capacity rating  |Per supplier/manufacturer |As A.3.4
:l;/[rz tginlcal gas sep- Design performance curve Per supplier/manufacturer |As A.3.4
Seal chamber section |Volume contraction capacity Per supplier/manufacturer |As A:316.2
Operation deviation limits Per supplier/manufacturer | AsA.3.6.3
Thrust load bearing capacity Per supplier/manufacturéryAs A.3.6.4
Minimum operating speed for .
thrust bearing Per supplier/manufacturer |[As A.3.6.5
Number and severity of pressure Per supplier/manufacturer |As A.3.6.6
cycles
Horsepower requirement Per supplier/manufacturer |As A.3.6.7
Motor Motor performance parameters |Per supplier/manufacturer |As A.3.7.1
Motor voltage for minimum Ber supplier/manufacturer [As A.3.7.2.3
current
Motor operating internal temper* Per supplier/manufacturer |As A.3.7.5
ature limits
Locked rotor current, targte and Per supplier/manufacturer |As A.3.7.6
power factor
Poyer cable and MLE |Voltage rating Per supplier/manufacturer |[As A.3.8.2.5
Temperature rating Per supplier/manufacturer |[As A.3.8.2.5
Ampacityseoefficients Per supplier/manufacturer |[As A.3.8.2.4
Conductor size Per supplier/manufacturer |[As A.3.8.2.2
Acc_eptabl_e minimum bending Per supplier/manufacturer |[As A.3.8.2.3
radius rating
Pothead Voltage rating Per supplier/manufacturer |[As A.3.9.2
Temperature rating Per supplier/manufacturer |[As A.3.9.2
Ampacity coefficients Per supplier/manufacturer |[As A.3.9.3
Differential pressure perfor- Per supplier/manufacturer |[As A.3.9.4
mance
Thermal cycling performance Per supplier/manuftacturer [As A.3.9.5

For the purposes of Table A.1, the term “per supplier/manufacturer” requires either component design
validation/verification documentation availability or documented and verified historical use of the
component in an environment justifiably similar to that of the functional specification. Each document

requires verification by a qualified person.

For this purpose, verifiable historical data shall include a minimum of 20 installations of at least
one continuous year of acceptable performance each. After the publication of this part of ISO 15551,

components provided as V2 shall additionally conform to 6.2.9.
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A.3 Method for determining performance ratings

A.3.1 For all components

A.3.1.1 Shaft power rating

A3.1.1.1

General

The supplier/manufacturer shall specify the shaft power rating at the reference speed and reference

temperatu

re and the maximum rated operating temperature, typically reported as horsepower.

A3.1.1.2

Verificatio

Method

the following:

mum of 10 samples from the same heat lot for a diameter shall be used fof_physical testin

mance of a standard ASTM pull test on 5 of the samples accordingto-ASTM E8. Samples

h of diameters and materials shall be through physical testing or scaling and shall include

8

are

machined only for connection requirements to the test equipment. All samples shall be machined

a) amini
b) perfor
per th¢
c) perfor
featur

suppli

d) chemig
suppli

 supplier/manufacturer test specimen drawing;

mance of torsion testing on 5 of the samples. Samples-are machined with all produc
s, such as splines, keyways, and locating grooves. AN samples shall be machined per
br/manufacturer test specimen drawing;

al and mechanical specifications that fall within the material requirements of
br/manufacturer.

Scaling of physical testing is permitted based on thefollowing conditions:

a) Select
and m
b) Perfor
c) Perfor
test sa

d) Compd
the tor
plottin
taking

e) Scaling
varies

pan diameter materials with the same production features shall be selected.
m physical testing of the samples.

I theoretical analysis by Eihite Element Analysis or equivalent analysis method against]
mple’s actual dimensiens‘and material properties.

re the results of'‘the physical testing and theoretical analysis by calculating the rati

g an angle vis-torque graph to show the transition from linear to plastic deformation
the standard 0,2 % offset on this curve.

fion
the

the

3 diameters of each alloy for physical-testing. For proper scaling, the minimum, maximjum,

the

b of

sional yield between the theoretical and physical results. The yield point is determined by

and

htio

b to, other diameters is permitted if the theoretical versus physical torsional yield r

yield r

htie varies >5 %

<5"%.'Scaling to other diameters is not permitted if the theoretical versus physical torsiTnal

The theoretical or physical torque at the torsional yield point is converted to horsepower. The shaft
power rating shall be calculated by applying a temperature correction factor, based on a yield strength
degradation versus temperature curve, which is determined either from data provided by source
supplier or by physical testing and approved by a qualified person. Supplier/manufacturer can elect
to apply additional de-rating correction factors to this calculation which shall be defined in the design
validation documentation.
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The shaft power rating shall be calculated using Formula (A.1) (metric units) or Formula (A.2)
(US Customary units).

Pshaft = Cload (T x vr)/9 549

where

Pshaftt is the shaft power rating expressed in kilowatt;

(A1)

T is the torque at yield point expressed in Newton-meters;

Vr is the rotational speed expressed in revolutions/minute;

Pshaft = Cload (T % vr)/5 252

whére

A.3
The

b)
The

Pgnart is the shaft power rating expressed in Horsepowef;
T is the torque at yield point expressed in ft-1bs;

Vr is the rotational speed expressed in revolutions per minute;

1.1.4 Documentation and reporting
following data shall be recorded:

material certification datafdiameter, and machined features;

following data shall’be recorded during the test:
for pull test sample, per ASTM E8:
1) ultimate tensile strength;

2) . yield strength;

3} % elongation;

Cload isthe de-rating factor (such as temperature and design margin).

Cload is the de-rating factor (such as temperature and design margin).

unique identifiers and type descriptions of the test equipment and instrumentation.

(A.2)

b)

4) de-rating factors applied;
for torsional test samples:

1) ultimate tensile strength;
2) yield strength;

3) angle of Twist (radians);

4) de-rating factors applied.
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A.3.1.2 Shaft coupling rating

A.3.1.2.1 General

The supplier/manufacturer shall specify the coupling rating at the reference temperature and the
maximum rated operating temperature typically reported as horsepower.

A.3.1.2.2 Method

Verification of the spline diameters and materials shall be through physical testing. A minimum of
5 samples i i i TTIg: ical
and mechapical specifications shall fall within the material requirements of the supplier/manufactyrer.

Performtotsiontestingonthe5samples.Allsamplesshallbemanufactured perthe supplier/manufactyirer
specificatign.

a) Prepate short sections of shafting, splined for the coupling to be tested. Shaft length shall be[the
minimum required for the test fixture/system.

b) Select the shaft material to match the intended rating of the coupling.
c) Insertthe two shafts into the coupling and apply torque until either the shaft yields or the coupling fpils.

— If & shaftyields (per A.3.1.1.2), the coupling shall be rated atthe same horsepower rating as|the
shpft that yielded.

— If the coupling fails (such as by fracturing, splitting, deformation) the coupling shall be rateld at
64 % of the horsepower at the torque failure point;

yield strength degradation versus temperature curve, which is determined either from data provided
by source pupplier or by physical testing and approved by a qualified person. Supplier/manufactiirer
can elect tq apply additional de-rating correctipn:-factors to this calculation which shall be defined infthe
design validation documentation.

The shaft ¢oupling rating shall be calculated by applying a temperature correction factor, based F a

A.3.1.2.3 |Calculation

The shaft doupling power rating shall be calculated using Formula (A.1) (metric units) or Formula (f.2)
(US Custorpary units).

A.3.1.2.4 |Documentationand reporting
The follow|ng data shall be recorded:

a) materipl certification data, part number, unique identifier (where applicable), spline diameter, and type;

b) uniqud identifiers and type descriptions of test equipment and instrumentation;

c) torque applied, angle of twist (radians), and de-rating factors applied.

A.3.2 Bolt on discharge

A.3.2.1 Maximum flow capacity rating

The supplier/manufacturer shall provide the maximum recommended flow capacity rating of the bolt
on discharge. The supplier/manufacturer shall have a documented process that supports the reported
maximum recommended flow capacity. Flow capacity shall be reported as a maximum rate and
maximum velocity.
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A.3.2.2 Pressure rating

Design validation shall be performed to a documented procedure and successfully completed to the
supplier/manufacturer’s established acceptance criteria for each size, type, and pressure rating. The
pressure rating shall be the value of the maximum allowable difference of internal less external pressure.

A3

.3 Pump and gas handler

The supplier/manufacturer shall specify the pump performance curves (catalogue curves), the maximum
free gas at the intake, and the housing pressure rating of the pump and gas handler components.

A3

Refi
the

A3

A3

Des
fun
eith

A.3
Tes

Atd
to d
con

For

3.1 Standard test fluids

brence fluids shall be used for testing. Gas used for testing shall be air or nitrogen.‘Specifi
test fluids are measured/calculated at intake conditions.

3.2 Design performance curves — Water only

3.2.1 General

Ction of flow rate. The performance curves shall be created.by testing at a target rotation
er 2916 r/min (£3 %) or 3 500 r/min (3 %).

3.2.2 Test points
sshall be performed on a minimum of three different pump sections, in three differenthous

st point includes direct measurements of dis¢harge and intake pressure, flow rate, and da
orrect test fluid to standard conditions- The data to be recorded for correcting fluid t
ditions shall include shaft torque, rotatienal speed, and intake fluid temperature.

each pump section, starting at zero flow, a minimum of seven test points shall b

apprroximately equal flow intervals, with the last point being recorded at a flow which results

floy
equ
min
A3

The
A.3]

Heg

al flow intervals, with theldst point being recorded at zero flow rate. This test shall be p
imum of three times,

3.2.3 Calculations

3.2.4. Shaft{power will be calculated as per Formulae (A.1) and (A.2).
d:

]

C gravity of

ign performance curves shall be prepared showing the head, shaft input power, and efficiency as a

al speed of

nglengths.

fa required
p standard

b taken, at
n test open

V. Then, starting at test openflow, a minimum of seven test points shall be taken, at approximately

erformed a

following calculations shall be made to generate the pump performance curve and documented per

d ={po—pi) x 101 970 / ps (metric units)

(A.3)

H = (po - pi) x 144 / pt (US Customary units)

Fluid power:

Pr=(Hx Q x pr) / 8810 348 (metric units)

Pr=(HxQ x pf) / 8463 627 (US Customary units)
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Efficiency:
E (%) = 100 x P/ Pg (metric units) (A7)
E (%) =100 x P¢/ P (US Customary units) (A.8)
Flow rate adjustment:
Qa = Qn * (Vrref / Vi) (A9)
Head adjustment:
Ha = Hy x (Vrref / vr,n)? (A[10)
Thrust adjfistment:
Fa=F{x (Vrref/ Vrn)? (Al11)
Power adjystment:
Pa =Pn|* (Vrref / vin)3 (Al12)
where
H isthe head in height of water column expressed in m (ft);
P¢ is the fluid power measured at pump discharge expressed in kW (HP);
pi isthe pressure measured at pump intake expréessed in MPa (psi);
Po is the pressure measured at pump discharge expressed in MPa (psi);
Q is the flow rate measured at pump(discharge expressed in m3/d (bbl/d);
pr is the fluid density measured atppump discharge expressed in kg/m3 (1b/ft3).
A.3.3.2.4 |Documentation andreporting
The follow|ng data shall berecorded for each pump housing length tested:
a) The sthge name, series, pump construction type, number of stages, and unique identifier (such as
serial npumber);
b) Unique identifiers, calibration data, and type descriptions of test equipment and instrumentatipn.
The follow|ngdata shall be recorded during the test at each of the test points:
a) intake pressure;
b) discharge pressure;
c) intake temperature;
d) discharge temperature;
e) flow rates;
f) rotational speed;
g) shafttorque.
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All raw test data should be retained in the original units of measure.

Tests performed at the target rotational speed of 2 916 r/min shall be reported in metric units and
tests performed at the target rotational speed of 3 500 r/min shall be reported in US Customary units
as shown below:

head shall be reported in meters of water or in feet of water;
flow rate shall be reported in cubic meters per day or in barrels per day;

power shall be reported in kW or in horsepower;

Bes
refq

Agl
spe

The
cur
rotg

A3

A3

Maj3
GVH
inT

thrust shall be reported in Newtons or in pounds force.

t fit curves for head and power vs. flow shall be determined using all the test points c¢rrected to

rence revolutions per minute.

aph of head and power vs. flow, using the best fit curves and test points corrected to targe
bd, shall be constructed as follows:

The horizontal scale of the graph shall show flow rate at the bottom.of the graph using
allows the data on the graph to be easily viewed. The scale on this-axis shall start at zer
allow representation of the whole curve.

The vertical axis shall show head, power, and efficiency using scales that allow the data o
to be easily viewed. The scales on these axes shall start at zero and shall allow represent
whole curves.

supplier/manufacturer shall report pump curves'at both 2 916 r/min and 3 500 r/min. T|
ves can be generated using affinity laws extrapolated from actual tests performed at
itional speed if required.

3.3 Maximum Gas Volume Fraction'(GVF) rating — Air and water

3.3.1 General

cimum GVF shall be determined based upon test data at BEP and reference fluid properties
rating shall be determined’for each stage type, using the maximum number of stages as
able A.2, or for specifie fixed length pump and gas handler designs.

F rotational

h scale that
0 and shall

h the graph
htion of the

hese pump
a different

Maximum
etermined

Table A.2 — Maximum allowable differential pressure by pump housing outer diameter

Pump housing outer Maximum differential
diameter pressure at BEP & 100 %
cm (in) liquid
kPa (psi)
0,73
1379 (200)
<(3,85)
9,79 - 11,68
2068 (300)
(3,86 -4,60)
11,69 - 15,24
3447 (500)
(4,61 -6,00)
15,25 - 20,32
2758 (400)
(6,01 -8,00)
>20,33
3447 (500)
> (8,01)
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Test points

The test points for each stage type or specific pump and gas handler design consist of the following steps.

a) Tests shall be performed on a minimum of one pump/gas handler component.

b) Tests shall be performed ata target rotational speed of both 2 916 r/min (*3 %) and 3 500 r/min (*3 %).

c) Intake pressure shall be 1400 kPa (x5 %). Intake temperature shall be at reference fluid conditions
or, alternatively, corrected to reference fluid conditions.

d) Establ

until the target rate is achieved and stabilized.

e) Gasisi

intake

f) Additi

sh the BEP flow rate +2 904 ]’\y ct‘:\rh'ng with the Hicr‘hargp choke closed and then nppni

flow and pressure are stabilized (at values +5 %) for a minimum of 5 min.

bnal gas is introduced to increase the intake GVF by an additional 5 % (¥2-%). The data

git

ntroduced until the free gas content at the intake (GVF) is 5 % (*1 %). Data are recérded affter

are

recorded after flow is stabilized (at values +5 %) for a minimum of 2 min. The ptocess is continued

by incijeasing GVF by increments of 5 % (+2 %) until pump differential pressure cannot be stabil

(atval

1es +5 %) for a minimum of 2 min or head becomes zero.

zed

lity
Dy a

13)

14)

g) Perform steps a) through f) a minimum of 3 times to ensure repeatability of results. Repeatab
of resylts is achieved if the repeated test results are evaluated anddocumented as acceptable
qualified person.

h) The reported rating shall be the average of the test resultsdrom step g).

A.3.3.3.3 |Calculations

The follow]ng calculations shall be made to generate thepump GVF rating and documented per A.3.3{3.3

Percentagdq of free gas:

VI=(100)(Qai)/(Qai+ Qui) (A

Gas volumg fraction:

GVF = (Qai)/(Qai + Qi) (AL
where
Qgi is the flow rate’of gas at intake;

Qui is

che flow-rate of liquid at intake.

A3.3.3.4

Documentation

The following pump and test fluid data shall be recorded. All raw test data shall be recorded in the
original units of measure.

a) the stage name, series, pump construction type, number of stages, and unique identifier (such as
serial number);

b) unique identifiers, calibration data, and type descriptions of test equipment and instrumentation

c) intake

pressure;

d) discharge pressure;

e) intake

54

liquid flow rate;
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f) intake gas flow rate;

g) intake temperature;

h) discharge temperature;
i) shafttorque;

j) rotational speed.

Tests performed at the target rotational speed of 2 916 r/min shall be reported in metric units and
tests pprfnrmpd at the target rotational Qppp(] of 3500 r'/min shall he rppnrfpd in 1IS Customary units

as shown below:

— |differential pressure shall be reported in MPa or in pounds per square inch;
— [liquid flow rate shall be reported in cubic meters per day or in barrels per day;

— |maximum GVF shall be reported as the GVF at the point at which pressuréseadings beconpe unstable
(fluctuate more than +5%).

Thg pump design performance curves shall be generated based on\the data collected in this testing
as ger A.3.3.2.

A.3{3.4 Pump stage thrust

A.3|13.4.1 General

Deslign performance curves shall be prepared showing the axial thrust for one pump stage a§ a function
of flow rate, at both 2 916 r/min and 3 500 r/min;using reference fluid.

Test points shall be taken per A.3.3.2.4 with ghe addition that pump shaft axial down thrust ar{d flow rate
shall be included in the data measurements-and the tested pump construction is of compresgion type.

Dodumentation of data shall complyWwith A.3.3.3.4, with the addition that the pump shaft crogs sectional
areg shall be recorded.

A.3|3.4.2 Calculation methed

The total axial thrust measured at each test point shall be corrected to standard conditions|and target
rotational speed. Thistotal axial thrust value divided by the number of pump stages shall result in the
thryist value per stage for the compression type pump construction.

Theg pump shaft-axial thrust generated by the differential pressure on the shaft shall be cqlculated at
each test point by multiplying the pump differential pressure at that test point, corrected to standard
confditiofis~and target rotational speed, by the shaft cross sectional area. For vertical pump tests, the
portion of pump shaft axial thrust contributed by the mass of the shaft and impeller assembly shall be

comn nitad and cuhtractad from aach tact naint BEarhorigontal tactcthic yalua chall bhao zara
TrcE T STt e e O T T O C o Tt e S T P O e T O O T A Ot e e STtV o e SO o o e A e O

For floater type pump construction, the hydraulic portion of the pump thrust at each test point shall be
calculated by subtracting the pump shaft axial thrust measured at the test point from the thrust values
calculated for the compression type pump construction.

The single stage hydraulic portion of the pump thrust at each test point shall be calculated by dividing
the hydraulic portion of the pump thrust by the number of pump stages.

A.3.3.4.3 Documentation

A graph of flow rate vs. single stage hydraulic thrust, using data calculated above, shall be constructed
so that the horizontal scale shall be identical to the graph of head and power vs. flow for the tested pump
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stage type and the vertical axis shall show stage thrust using a scale that allows the data on the graph to
be easily viewable and provides representation of the entire thrust curve range.

A.3.3.5 Housing pressure rating

Design validation shall be performed to a documented procedure and successfully completed to
the supplier/manufacturer’s established acceptance criteria for each series, design, and material
configuration. Test results shall determine the maximum allowable difference of internal less external
pressure that can be exerted on the housing and this shall become the rating. The test results are to be
approved by a qualified person other than the design engineer and the testing engineer. Scaling does not

apply tO hluo;lls lJl Coourlrcv 1 at;us.

A.3.4 Bolt-on intake

The suppli¢r/manufacturer shall provide the maximum recommended flow capacity ratingand presqure
drop of theg intake and have a documented process that supports the rating.

A.3.5 Mgchanical gas separator

A.3.5.1 (eneral

The suppligr/manufacturer shall prepare mechanical gas separator performance curves for design validagion.

A.3.5.2 Standard test fluid conditions

Reference fluid shall be used for testing. Gas used for testing 8hall be air or nitrogen. Specific gravitly of
the test flufids are measured/calculated at intake conditions.

A.3.5.3 Test fixture
The testing fixture shall have the following features.

a) The infake shall be isolated to ensure @ll fluids pass through to the interior of the component pnd
capable of maintaining a constant pressure of 100 psi £ 5 %.

b) The v¢nts shall be isolated to-ensure all vented fluids are contained for measurement and|the
differgntial pressure between the intake pressure and the gas vent shall be not greater than 5 si.

c) The drjive system shall be able to measure input power.

d) The tept fixture shall'‘have a pumping method incorporated in order to generate the required fllow
rate anjd pressuré through the device. The pumping method shall be either of the following:

— THe test fixture shall have a pump which is to be connected to the discharge side of the|gas
separator which is capable of producing a maximum liquid flow rate greater than that of{the
mechanical gas separator and a differential pressure of 200 psi + 10 %.

— A booster pump to provide inlet flow at the specified pressure provided that the flow rate it
generates is not greater than the maximum water only capacity of the component being tested
(per A.3.5.4.2).

A.3.5.4 Design performance curves

A.3.5.4.1 General

Design performance curves shall be prepared showing mechanical gas separator efficiency and
horsepower as a function of intake free gas percentage at a constant intake liquid flow rate. The
performance curves shall be created by testing at target rotational speeds of both 2 916 r/min (+3 %)
and 3 500 r/min (3 %) at the test intake pressure.
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A.3.5.4.2 Water only test points

Testing shall be conducted with the reference fluid to prepare a water only performance curve per A.3.3.2.2.

A.3.5.4.3 Gassy fluid test points

Test points shall be taken at the following conditions and in enough quantity to fully define the curve
being created.

a)

Intake pressure shall be at 100 psi (5 %) throughout testing at all rates.

b)
‘)

A3

Thd
HP)

Thd

whg

A.3
The

The
a)

Intake liquid tlow rates ot 20 %, 40 %, 60 %, 80 %, and 100 % of maximum of the compq

Intake free gas percentage shall start at 5 % and increase in increments of 5 % until'the
gas separation efficiency is less than 20 %. The testing shall be performed,at‘€ach
prescribed liquid flow rates.

5.4.4 Calculations

calculation for percentage of free gas shall be per Formula (A.13)~The calculation for P
shall be per Formula (A.1) or (A.2).

calculation for mechanical gas separator efficiency shall be{per Formula (A.15).

Efficiency = Qgge / Qi x 100

re
Qgi isthe gas flow rate at inlet;

QggEeis the gas out gas exit.

5.4.5 Documentation and reporting

following data shall be recorded:

the series;

construction type;

unique identifier

test pumprdétails, such as series, stage name, number of stages, and construction.
following data shall be recorded during the test, at each of the test points:

inlet pressure;

nent.

component
of the five

L (in kW or

(A.15)

b)
‘)
d)
e)

gas exit pressure;
liquid exit pressure;
inlet, liquid flow rate;

inlet, gas flow rate.

The following data shall be recorded or calculated during the test, at each of the test points:

a)
b)

component shaft torque;

component shaft rotational speed.
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The following data shall be recorded or calculated based on mass balance equations during the test, at

each of the test points:

a) liquid exit, liquid flow rate;
b) liquid exit, gas flow rate;

c) gas exit, gas flow rate;

d) gas exit, liquid flow rate.
The gas separa :

testing as per A.3.5.4.

A.3.6 Seal chamber section

A3.6.1 @

To establig

eneral

h the performance ratings of the seal chamber section the supplier/manufacturer s

perform thle defined actions.

A3.6.2 V

A.3.6.2.1

Thissubclg
shall be at
component

A.3.6.2.2

A.3.6.2.2.1

For a cham
type cha

o
contractio

subject to {

A.3.6.2.2.2

The sweep
volumes w

A.3.6.2.2.3

olume contraction capacity

General

both vertical orientation and at the component’s myaximum deviation limit as defined on
data sheet.

Gravity chambers

General

ber that relies on gravity to_separate seal chamber fluid from well fluid, such as labyri
er designs, calculations or.computer-based solid modelling can be used to determine
capacity of the chamber._The calculations or models used to determine the capacity
he following conditions:

Sweep volume

volume capacity of a chamber is defined as the total volume in the chamber less any inac
hich canexist due to the physical design of the chamber.

Corntraction capacity while deviated

this

hall

use specifiesthe method that determines seal chambércontraction capacity. Ratings provided

the

nth-
the
are

tive

When calc

tatinmg the comtraction capacity of the chammber wielr at the COTPOTTEnt S ax U aevid

tion

limit, there can be features that shall affect the contraction capacity based on the component’s polar
orientation. If the orientation of these features cannot be controlled, then the features shall be assumed
to be in the orientation that results in the smallest contraction capacity for calculation purposes.
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A.3.6.2.3 Positive seal chambers

Positive seal chambers, such as bags/bladders/bellows or pistons use a physical barrier to separate the
well fluid from the internal seal chamber fluid. For these chambers and for the purposes of this part of
ISO 15551, contraction capacity shall be determined using experimental methods subject to the following.

a) The test fixture shall simulate a seal chamber section to support the positive sealing element(s)
and provide a path from the internal chamber volume through a check valve which is rated for the
specific seal chamber section design.

b) The chamber(s) internal and external volumes shall be filled with an incompressible fluid that has a
VISCOSIty of Iess than 3 cP.

c) |The chamber(s) internal volume shall be filled with additional fluid until such time'that the internal
pressure of the chamber causes the check valve to open. Once the check valye opens| the filling
process is stopped. Apparatus to capture fluid that shall expel out in the follewing stgp from the
internal chamber volume is required.

d) |The chamber(s) external volume shall be pressurized with fluid to contract the positive Barrier. The
external pressure shall be increased to the supplier/manufacturers(specification for thd maximum
differential pressure rating for the specific seal chamber design.

e) |The expelled fluid volume from the internal chamber shall*be measured and repoifted as the
maximum contraction volume of the chamber. The température of the expelled fluid shall also be
measured and recorded.

f) |Single positive seal chambers shall be tested indepéndently to determine its contractign capacity.
Multiple positive seal chambers that are connected in parallel to increase the contractipn capacity
shall be tested together to determine the contraetion capacity of the combined chamber.

A.316.3 Operating deviation limitations

The supplier/manufacturer shall havedecumented procedures and acceptance criteria fo support
that the seal chamber section can perform its designed function at the stated maximum deviation as
indjcated on the component data sheet.

A.3|16.4 Thrustbearing load capacity

A.3|6.4.1 General
Theobjective of thistestis to verify theload ratingin both the clockwise and counter-clockwisg directions

of a|hydrodynainic axial thrust bearing when immersed in lubricating fluid. This test verifi¢ation shall
be performedor each combination of runner and bearing designs.

A.316.4:2¢ Test equipment and procedure

TheSUpplher/manufacturer shall use the following test equipment and procedure.

a) As a minimum, the test equipment shall comprise of a thrust bearing, a thrust runner, a shaft,
equipment required to fix the runner to the shaft, a drive motor, a housing to contain test oil and hold
test pressure, equipment to regulate test pressure, test temperature, and to monitor the parameters
as outlined above.

b) The testshall be conducted such that the motor fluid temperature within the test apparatus is at the
rated maximum temperature of the seal chamber section as specified by the supplier/manufacturer
or higher. The temperature shall be monitored by measuring the motor fluid temperature within
the test apparatus and shall be maintained within a range of +2,5 °C (4,5 °F) throughout the test.

c) The test fluid shall be supplier/manufacturer specified motor fluid and shall have a viscosity no
higher than 3 cP at the maximum test temperature.
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d)

or water throughout the test.

shall b
f)
g)

e maintained within a 69 kPa (10 psi) range throughout a given test.

The test shall be conducted at revolution speed between 2 916 r/min and 3 500 r/min.

counter-clockwise rotational direction.

h)

A.3.6.4.3

The suppli
thrust bea

The bearin
determine
the one pel

Testing is {
samples fa

A.3.6.4.4
The follow

Le = [(L

where

q

—n

Lt

Lo

q

e

—n

Wt

q

[

mug

1,25 is

hall affect their performance in the test, with the exception of modifications to allow|
rature measurements of bearing pads.

Test acceptance criteria

br/manufacturer shall have documented procedures and acceptancé driteria to support
ing load ratings as indicated on the component data sheet.

by visual inspection of the bearing surfaces and approval by a qualified person other t

forming the test.

0 be completed successfully on all three consecutivé.samples. Should one of the set of t}
1 original testing, then testing is to be performed-with a new group of three samples.

Determination of thrust bearing test load
ng formula shall be used to determine:the thrust bearing load:

0 x 1,25) x (wt /3 500)(mut/5)] (A

the test load;

the nominal loadrdting of bearing at 3 500 r/min and 5 cP lubricating fluid viscosity;
the actual shaff'rotational speed during test expressed in r/min;

the actu@llubricating fluid test viscosity (absolute) expressed in cP;

the standard safety factor.

hn axial load equal to the required test load and rotate the sample for a minimupnt of 30 n}i

The test setup shall provide test fluid that is essentially free of debris and contaminants such as air

The chamber pressure shall be between 96 kPa and 2,76 MPa (14 psia and 400 psia). The pressure

A minimum of three samples shall be tested. Each sample shall be tested in both clockwise and

the

g passes these test acceptance criteria if there is no evidence’of fluid film breakdown as

han

ree

16)

A.3.6.5 Minimum operating speed for thrust bearing

A.3.6.5.1

General

The objective of this test is to validate the ability of the axial thrust bearing to handle a nominal load
at the minimum rated rotational speed in both clockwise and counter-clockwise rotational directions.
This test verification shall be performed for each combination of runner and bearing designs.

A.3.6.5.2

Test equipment and procedure

The supplier/manufacturer shall use the following test equipment and procedure:

a) The test equipment shall be per A.3.6.4.2.
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b) The test shall be conducted at any temperature. The temperature shall be monitored by measuring
the motor fluid temperature within the test apparatus and shall be maintained within a range
of ¥2,5 °C throughout the test.

c) The test fluid shall be supplier/manufacturer specified motor fluid and shall have a viscosity no
higher than 3 cP at the maximum test temperature.

d) The testsetup shall provide test fluid that is essentially free of debris and contaminants such as air
or water throughout the test.

e) The chamber pressure shall be between 96 kPa and 2,76 MPa (14 psia and 400 psia). The pressure
Shall be maintained within a 69 KPa (10 psi) range throughout a given test.

f) |Thetestshallbeconductedatthespecifiedminimumfrequencyasdictatedbythesuppliérymapnufacturer.
The speed shall be held to +0 %/-2 % tolerance throughout the duration of the test.

g) |A minimum of three samples shall be tested. Each sample shall be tested-in both clo¢kwise and
counter-clockwise rotational direction.

h) |The samples used for testing purposes shall be standard equipment@nd not have any mqdifications
that shall affect their performance in the test, with the exceptioen of modifications tp allow for
temperature measurements of bearing pads.

i) [Initial load applied to the thrust bearing before start-up shall be no less than 445 N (100 1bf). Once
the test speed is reached, apply an axial load equal to 2 224*N (500 Ibf) (£5 %). Maintain the load for
a minimum of 30 min.

A.3]16.5.3 Test acceptance criteria

The supplier/manufacturer shall have requireinents and documented procedures and pcceptance
criteria to verify the minimum operating speed‘as indicated on the component data sheet.

Testing is to be completed successfully on dll three consecutive samples. Should one of the get of three
sanjples fail original testing, then testing is to be performed with a new group of three samp]les.

A.316.6 Number and severity ‘of pressure cycles

The supplier/manufacturet shall have requirements and documented procedures and pcceptance
criteria to validate the ndmber and severity of positive seal chamber section pressure cycles ds indicated
on the component data-sheet.

A.316.7 Horsepower requirement

The supplier/manufacturer shall have requirements and documented procedures and pcceptance
criteria te,validate the horsepower requirement as indicated on the component data sheet.

A.3L.7-/Motor

A.3.7.1 Motor performance

The objective of the motor performance test is to validate the motor performance parameters. This is
accomplished by recording the motor amperage, speed, torque, input kilowatts, efficiency, power factor,
and average winding temperature rise at 100 % of rated output power under defined test conditions.
This test applies a load device to the motor such as a dynamometer.

The test shall be performed in a controlled environment, where key input parameters ambient fluid
temperature, ambient fluid flow rate, motor torque, input voltage, and input power frequency are
controlled and output parameters amperage, speed, input kilowatts, power factor, and average winding
temperature rise are measured.
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A.3.7.2 Test procedures

A.3.7.2.1 General

This subclause provides the details of the motor performance and motor voltage for minimum current
test procedures.

A.3.7.2.2 Motor performance test

To establish the motor performance parameters from 6.9.3.2, the motor shall be run in a test loop under
the followi

1o, -
Iy COIIUILIOILS.

a) The copling fluid (water) shall be maintained between 60°C and 71°C [150 °F (£10 °F)].

b) The flgw rate shall maintain a fluid velocity by the motor between 0,27 m/s and 0,34'm/s (0,9 [ft/s
and 1,1 ft/s).

c) The input power frequency shall be 60 Hz (1 %) with voltage THD < 5 %.

d) The inpide diameter of the casing/liner in the immediate proximity of the-metor shall not be larger
than tyo times the diameter of the motor, and its diameter shall be reportéd.

The motor(load shall be set at 100 % of rated output power, while energized at the voltage which yiglds

the minimpim current at 100 % output power. The motor shall operate for a minimum of one h011r to

allow timefor the fluid in the testloop and the internal motor temperature to stabilize prior to obtaifing

the perforfnance parameters. The amperage, voltage, speed, targue, input kilowatts, and power fa

are measul
temperatu
states per |

Efficieficy = (vr x m/30)(tr (Nm)) / (Input (Kilowatts) x 1 000) x 100

The viscos
viscosity d

ambient flyid temperature plus the avefage winding temperature rise. The minimum viscosity alloy

with this v|

A.3.7.2.3

To verify t

test loop ulnder the conditions described in A.3.7.2.2. The motor fluid used in the test shall be off

same fluid

ed and average winding temperature rise and efficiency are calculated. The average wing
Fe rise is calculated according to the change in resistance of the stator winding between
\.3.7.3. The efficiency is calculated accordingto Formula (A.17):

(A

ty of the motor fluid used in the test-shall be estimated and reported using the temperati
urve for the fluid and the internal operating temperature of the motor calculated as

iscosity estimation methgd\during testing shall be 4 cP.

Motor voltage for minimum current

he optimum metor voltage for a specified power output rating, the motor shall be run

Ctor
ling
fwo

17)

ire-
the
ved

in a
the

specification'used for the motor performance test. The motor load is to be maintaine

1 at

constant t¢rque [calculated torque at 100 % output power assuming a rotation speed of 3 450 r/min,

(2 %)] or

maintaining a constant power output of 100 % rated output power (+2 %), while energiz

varying vo

tages. The voltage shall be varied and at each Voltage po1nt the amperage shall be reco

and data plo
is minimized is the motor test Voltage for the motor performance test in A.3.7.2. 2 and the motor Voltage
for minimum current in 6.9.3.1.

A.3.7.3 Requirements for determining motor winding temperature rise by measuring winding
resistance change

A.3.7.3.1 General

The supplier/manufacturer shall have requirements and documented procedures for validating motor
winding temperature rise. The average temperature of a winding can be determined by comparing
the DC resistance of the winding at a specific temperature with the DC resistance at the temperature
before the winding is initially energized at the start of the test. This method utilizes the characteristic
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of the conductor material, where in the temperature range of interest, the winding resistance changes
in direct proportion to the winding temperature. This validation test shall be performed using the
following procedure:

a) The first resistance measurement is taken before the motor is energized and loaded, with the
winding temperature is stabilized while immersed in the test fluid. The winding resistance can be

taken between any two line terminals, and the same two terminals are used througho
The test fluid temperature shall also be recorded at this time.

ut the test.

b) Afterthe motorhasbeenenergized and loaded and stabilized per A.3.7.2.1, the test fluid temperature

is recorded again, and the motor is de-energized. At the moment motor is de-energize

d, a timing

d)

whyd

A3
Thd

device is to be started. Within 15 s after the motor shaft stops rotating or within one
the motor is de-energized (whichever can be achieved first), the first resistance réeadi
time it is taken is to be recorded.

An additional minimum of four winding resistance measurements along with the corl}
times of the measurements shall be recorded; these measurements shalkbe completed
next two minutes. Test fluid circulation and temperature is to be maintained constant
loop after de-energizing the motor.

A curve shall be plotted of resistance versus time and the curve shall be extrapolated b
time to determine the resistance at the time of de-energization. The curve fit of the
data versus time shall have a sample coefficient of determination of 0,995 or greater. T
winding temperature shall then be determined accordingte the formula:

Average Winding Temperature Rise (°C) = (Rf = Rp)/Rpp*x (K + Tp) = (Tf— Tp)

extrapolation of the five consecutive resistance readings taken after de-energizatio

Rp is the resistance of the winding before the test is started at a known stable tempera
(ohms);

K is 234,5 for copper conductor;
Tt is the temperature'of the test fluid at the time of motor de-energization (°C);

Ty isthe temperature at the time Ry, is taken (°C).

7.3.2 Testing documentation
followihg'test information shall be recorded:

location of test;

inute after
g and the

‘esponding
within the
in the test

hek to zero
resistance
he average

(A.18)

R isthe resistance of the winding at thetime of motor de-energization, determined fr¢m an

h (ohms);

fure

d)
e)
f)
g)

date of test;

qualified person performing testing;

motor description including model, serial number, nameplate power, voltage, and amper
reference fluid test temperature;

motor fluid used in the test;

test data results.
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A.3.7.4 Scaling of design validation

Scaling of motors is allowed within a motor model and series by using per-unitized performance data
provided that the supplier/manufacturer shall test at minimum three different sizes of motors within
the model and series and the temperature rise is within +3 °C and other parameters as listed in Table A.3
are within +3 % of the resulting testing values as prescribed in Clause 6. The allowable scaling range for
a motor model and series shall be defined by smallest and largest horsepower motor within the three
motors tested and results fall within the defined tolerances. Other conditions of motor scaling include
the following:

a) If a motor model, series, and size is available in multiple voltage configurations, only one motor
voltage¢ configuration needs to be tested and the results shall be accepted for the other mg¢tor
voltage configurations for that motor size.

b) Any métor configuration available for the motor model and series and size (such as upper tandém, ceptre
tandem, lower tandem, single) can be used for the purposes of determining the performarice rating

c) Scaling is not permitted between motors which have different lamination{geometry (such as
differgnces in diameter, rotor/stator slot geometry).

Similar pefformance parameters can be expected on a per unit basis formbtors constructed with

equivalent| magnet wire current density, ampere turns, lamination design and specification, oufput

power rating per unit of rotor length, and having the same materials of construction within|the
electromagnetic region. See the following table for per-unitized motdr performance parameters.
Table A.3 — Per unit motor performance parameters

Parameter Per-unitized parameter

Efficiency Per¢entage

Amperage Percentage

Rotational speed Revolutions per minute

% Power factor Percentage

Winding temperature rise (°C) Degree C

The supplier/manufacturer shall hate)documented procedures and acceptance criteria in place for{the

scaling of motors. All scaled motors shall have data reviewed and verified by a qualified person and

documentdd within the design.files for the component.

A.3.7.5 Motor operatingjinternal temperature limits

The supplipr/manufacturer shall have documented procedures and acceptance criteria to support{the

minimum and maXimum motor operating internal temperature limits as indicated on the component

data sheet ps approved by a qualified person.

A.3.7.6 LotkedTotorcurrent,; torque, amd power factor

To establish the locked rotor current, torque, and power factor, the motor shall be tested under the

following c

a)

onditions:

The motor shaft should be locked against rotation, and the shaft locking mechanism shall include a

torque measuring device.

b) The motor voltage and frequency shall be determined by the supplier/manufacturer to achieve full
nameplate current.

c¢) The motor shall be energized under the above conditions, long enough to measure the motor
amperage, torque, and power factor, and immediately shut down.
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.8 Power and motor lead extension cable

.8.1 General

This subclause includes the general cable rating and selection criteria for main power cable and motor
lead extension cables without pothead.

A3

A3

The
che
rati
pro
IEC
dev]

A3

Thd
test

A3

Tod
sha

a)

b)

.8.2 Cable ratings and selection criteria

8.2.1 General

cable ratings and selection criteria such as, conductor size, voltage rating, températ
mical resistance, and ampacity coefficients shall be provided by the supplier/manufact
Ings and selection criteria shall be validated by the supplier/manufacturer through d

and NEMA as reviewed and approved by a qualified person who is other’'than the p
eloped the original rating and/or selection criteria.

8.2.2 Conductor size

supplier/manufacturer shall validate the cable conductor size-through dimensional an
ing per D.3 and the results shall be reviewed and approved by a qualified person.

8.2.3 Acceptable minimum bending radius rating

1 use the following testing procedure:

The cable sample length for this test can have any given length, however, 40 % to 60 % of]
length shall be held as a control sample which is to be maintained at the reference td
(#2 °C) and used for establishing a*‘benchmark value. The remaining cable sample leng
used for the bending test.

The cable sample used for the bending test shall be cooled in a cold chamber to ths
handling temperature of the cable for a minimum of four hours.

The sample shall be bentover a cylindrical mandrel for three full bending cycles within a
2 min from the timethe sample is removed from the cold chamber. The bending cycle shall
to a 180 ° curve©f;the cable over the mandrel to one side and another 180 ° curve to the oj

The diameter of the mandrel shall be determined by minimum rated bend radius for the

Aftersthe bending test is completed, the cable sample shall remain at the reference tqg
(2°2C) for a period of 24 h and then is subjected to tests as defined in C.9.2.2. The test

redures with acceptance criteria referencing established industry standards\such as IE

of the cable. Far)flat cable constructions, the cable shall be bent along the minor cable axig.

ure rating,
irer. These
bcumented
EE, ASTM,
erson who

d resistive

etermine the minimum bend radius rating of finishied ESP downhole cable, the supplier/manufacturer

the sample
mperature
th shall be

minimum

aximum of
forrespond
posite side

cable.

mperature
results are

considered qr‘rppfnh]p ifthe vn]fngp breakdown valueiswithin 90 9% of same tests pprfnr

ed on the

control sample.

f) Testing is to be completed successfully on all three consecutive samples. Should one of the set of
three samples fail original testing, then testing is to be performed with a new group of three samples.

A.3.

A.3.
The

A.3.

8.2.4 Ampacity coefficient

8.2.4.1 General

objective of this test is to validate the ampacity coefficient value of the cable.

8.2.4.2 Test equipment and procedures
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The supplier/manufacturer shall use the following test equipment and procedures:

a) Asaminimum, the test equipment shall comprise of the cable and equipment necessary to maintain
electrical integrity of the connection. Test equipment shall pass the defined current through the
device and allow for equal current among phases. Conductor temperature shall be physically
measured or derived through calculation based on resistance measurements.

b) The sample length shall be a minimum of 30 cm (11,8 inches).

¢) A minimum of three samples shall be tested. Samples can be modified for conductor temperature
measurement purposes, provided the modification does not impact the performance of the sample.

d) The tef
reference temperature (£2 °C or £ 3,6 °F).

t for the temperature-rise shall be performed in air at atmospheric pressure and ‘at

the

e) Each spmple shall be tested at a minimum of two amperages. The upper and lower test-ampergges
to be used for testing are listed in Table A .4.

— separate testsamples do not need to duplicate the exactamperages used to testprevious samples;

— the amperage can be DC or AC (RMS);

— on a given test, all three conductors shall have equal amperage @iich that the phase furthest
from the average is no more than 1 % different than the average.

f) Thetemperature efthe air in the test chamber shall be monitored and adjusted so that the condu

Table A.4 — Amperage test value by conductor size

Conductor size

Minimum upper amperage

Maximum lower amperage

during test during test

2/0 AWG 190 47
1/0 AWG 151 38
1 AWG 118 30

2 AWG 94 24
25sq. mm 70 18
4 AWG 59 15
16 sq. mm 45 12
6 AWG 37 10
10 sq. mnt 28 10

temperature iswithin 10 °C (18 °F) of the maximum rated temperature of the cable.

g) The test conditions are considered stable when the conductor temperature and air temperat

changg¢ ne,more than 1 °C (1,8 °F) in 30 min.

Ctor

ure

A.3.8.2.4.3 Construction of ampacity coefficient

A curve showing the expected temperature rise vs. amperage shall be constructed following the general
form of temperature rise equals the ampacity coefficient multiplied by the square of the amperage in the
device. The data points shall be curve fitted using a polynomial of the form:

AT =c x I2

The value of c is the resulting ampacity coefficient.

A.3.8.2.4.4 Test acceptance criteria

66
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The calculated ampacity coefficient shall not be greater than the rated value by more than 5 %.
The coefficient of determination for the polynomial curve using the calculated coefficient and the

exp

erimental data should be at least 0,9.

A.3.8.2.5 Voltage rating and temperature rating

A.3.8.2.5.1 General

The objective of this test is to validate the voltage and temperature ratings of the cable.

A3
Vali

a)

b)

f)

8.2.5.2 Test equipment and sample preparation
date the voltage and temperature ratings of the power and motorlead extension cable using th

As a minimum, the test equipment shall comprise the cable and test equipmentmnecessar
cable under various conditions.

A minimum of 12 samples shall be required for testing. Three or more.sSamples shall b
each of the following conditions:

— unaged;

— aged in nitrogen at maximum temperature rating or higher;

— aged in water at maximum temperature rating orhigher;

— aged in mineral oil IRM902 (per ASTM D471) at maximum temperature rating or hi
Additional samples and additional temperatuses are acceptable.

The samples used for testing purposes shall be standard equipment and not have any mg
that shall affect their performance in the test.

The length of the aged cable samples for testing shall be of a length sufficient that the cg
shall be a minimum of 30 cm long-after any contaminated ends of the cable have been cuf]
ends have been prepared fofidischarge testing.

design. The temperature shall be monitored by measuring the test fluid temperature wit
apparatus and shallbe maintained within a range of 2,5 °C (4,5 °F) throughout the test
tests performed-at temperatures other than the maximum rated temperature of the
follow the same testing criteria of having 9 aged samples (three samples aged in nitro
and mineral‘oil).

The pressure shall be greater than 700 kPa (101,5 psi) and less than 700 kPa (101,5 psi)
whicliis sufficient to maintain water in liquid phase at the test temperature. The pre
lie-smaintained at a single value, #100 kPa (14,5 psi), throughout the test, prior to inci

e following:

7 to age the

e tested at

bher.

difications

ble sample
off and the

The samples for aged testing shall be aged at the maximum operating temperature for the cable

hin the test
Additional
cable shall

oen, water,

above that
ssure shall
easing the

g)

A.3.

Vali
a)

tEMperature by treating and stratt be maintaimed via a regutator or Simmitar device:

The aged samples shall age at the test temperature for a minimum of 28 days for all thr

ee samples

aged in nitrogen, water, and mineral oil. If testing more than 9 aged samples, shorter times are

acceptable for additional samples.

8.2.5.3 AC discharge testing
date the AC discharge of the power and motor lead extension cable using the following:

All samples, new or aged, shall be tested to full discharge (failure) in the same manner:

— the discharge test temperature shall be 20 °C (22 °C) [68 °F (¥3,6 °F)];
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— the test atmosphere shall be water.

b) The samples shall be prepared so that the cable ends are clean and well insulated from the electric
ground and from the other phases. Following the aging tests, it is acceptable to cut away ends of
cable that can be contaminated between the conductor and the insulation.

c) Awater tankis to be prepared which is designed so that the water within the tank is grounded. The
sample shall be bent so that some part of the cable is totally immersed in water while the cable ends
are kept out of water. AC voltage shall be applied to one phase while the other two phases, cable
armor and, if applicable, metallic or semi-conductive sheath or layer are short-circuited to ground.
The voltage shall start at zero and be increased at a rate of no more than 1 000 V per second. All

phases

d) The vd
tested

of all samples shall be tested with the same voltage increase rate within +5 %.

ltage shall be increased until a short circuit occurs and there is conductance between
phase and ground. Then the test shall be completed a second time to measur€é the
rge on the second attempt.

ocess shall be repeated for all phases of a given sample.

ocess shall be repeated for all samples.

Test acceptance criteria

The suppli(ﬁzr/manufacturer shall have documented procedures and\acceptance criteria to verify

discha
e) The pr
f) The pr
A.3.8.2.5.4
voltage an
a) Establ
b) Theag

when

acceler
A.3.8.2.5.5
Tl}e.suppli
minimum,
a) cabler
b) date of
c) testte
d) durati

temperature rating of the cable. As a minimum, these-criteria shall include the followin
shed criterion for un-aged discharge (failure) voltage.

ed samples shall demonstrate a full discharge (failure) voltage greater than the voltage ra
bxposed to maximum rated temperature fer"a minimum period of one year. Documer
ated testing methods are acceptable.

Documentation

br/manufacturer shall have testing results reviewed and approved by a qualified person.
the following data shall be recorded:

hodel, type, and lot or bat¢h number;
testing;
mperature;

bn of aging;

e) firstamd second breakdown voltage or each phase of each sample;

f) acceler

the
full

the

<

p

[ing
ted

At a

ated test method used, if applicable.

A.3.9 Pothead

A.3.9.1 General

The supplier/manufacturer shall provide the rating of potheads.
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A.3.9.2 Voltage rating and temperature rating

A.3.9.2.1 Test equipment and sample preparation

Validate the voltage and temperature ratings of the pothead using the following:

a)

b)

f)

g)

As a minimum, the test equipment shall comprise of the pothead, an attached section of
device that simulates the pothead to motor connection sealing interface and pressure e
characteristics of a seal chamber section. Test equipment shall be necessary to age the
under various conditions.

cable and a
qualization
equipment

A minimum of 12 samples shall be tested. Three or more samples shall be tested at
following conditions:

— unaged;
aged in nitrogen at maximum temperature rating or higher;
aged in water at maximum temperature rating or higher;

Additional samples and additional temperatures are acceptable:

bach of the

aged in mineral oil (IRM 902 per ASTM D471) at maximum tehiperature rating or higher;

The samples used for testing purposes shall be standardequipment and not have any mddifications

that shall affect their performance in the test.

The equipment shall be subjected to vibration at &G and 60 Hz in a radial direction for
not less than 6 h before use in the test. During the vibration conditioning procedure, the
does not have to be filled with fluid and can bgvibrated at any temperature. No modifica
equipment are allowable after exposure tg-the vibration.

The samples for aged testing shall be aged at the maximum operating temperature for t
design. The temperature shall be menitored by measuring the test fluid temperature
test apparatus and shall be maintained within a range of £2,5 °C (4,5 °F) througho
Additional tests performed, at temperatures other than the maximum rated tempera

pothead shall follow the testing criteria of having 9 aged samples (three samples aged i

water, and mineral oil),

a period of
equipment
[ions to the

he pothead
within the
it the test.
fure of the
In nitrogen,

The pressure shall (be greater than 700 kPa (101,5 psi) gauge pressure and less thgqn 700 kPa

(101,5 psi) gauge pressure above that which is sufficient to maintain water in liquid phas

b at the test

temperature./Fhe’ pressure shall be maintained at a single value, 100 kPa (14,5 psi), throughout

the test, prigrto increasing the temperature by heating and shall be maintained viaar
similar device.

The aged samples shall age at the test temperature for a minimum of 28 days for all thr
each aged in nitrogen, water, and mineral oil. If testing more than 9 aged samples, shortg

aceeptable for additional samples.

boulator or

ee samples
r times are

A.3.9.2.2 AC discharge testing

Validate the AC discharge of the pothead using the following:

a)

b)

All samples, new or aged, shall be tested to full discharge (failure) in the same manner:

— the discharge test temperature shall be 20 °C (¥2 °C) [68 °F (¥3,6 °F)];

— the test atmosphere shall be air with a humidity content less than 30 % relative saturation.

All aged samples shall undergo inspection or other testing method to confirm if there has been any
fluid contamination into the sealing areas of the pothead. If the pothead sealing is found to have
failed and the pothead is contaminated, the sample might not be used for discharge testing.
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f)
g)

A.3.9.2.3 |Test acceptance criteria

The supplifr/manufacturer shall have documented procedures and acceptanee’ criteria to verify|the
voltage an

a)
b)

A.3.9.2.4 |Documentation

The samples shall be prepared so that the cable ends and pothead terminals are clean and well
insulated from the electric ground and from the other phases. Following the aging tests, it is
acceptable to cut away ends of cable that are contaminated inside the insulation.

AC voltage shall be applied to one phase while the other two phases, cable armor, pothead housing
and, if applicable, metallic or semi-conductive sheath or layer are short-circuited to ground. The
voltage shall start at zero and be increased at a rate of no more than 1 000 V per second. All phases
of all samples shall be tested with the same voltage increase rate within +5 %.

The voltage shall be increased until a short circuit occurs and there is conductance between the
tested phases and ground. Then the test shall be completed a second time to measure the full
dischafge on the second attempt.

The prjocess shall be repeated for all phases of a given sample.

The process shall be repeated for all samples.

=)

5+

temperature rating of the cable. As a minimum, these criteria shaltinclude the followin
Establ]shed criterion for un-aged discharge (failure) voltage.

The aged samples shall demonstrate a full discharge (failure) voltage greater than the voltage rafing
when gxposed to maximum rated temperature for a minimium period of one year. Documernted
accelerated testing methods are acceptable.

The suppli¢r/manufacturer shall have testing resultsreviewed and approved by a qualified person. At a

minimum, the following data shall be recorded:

a)
b)
‘)
d)
e)
f)

A.3.9.3 Ampacity coefficients

A.3.9.3.1 “Testequipmentamnd procedures

pothedd model, type, and lot or batch number;

date of testing;

test temperature;

duratipn of aging;

first apd second breakdoewn voltage or each phase of each sample;

accelerated test mrethod used, if applicable.

Validate the ampacity coefficient rating of the pothead using the following:

a)

b)

70

As a minimum, the test equipment shall comprise the pothead, a device that simulates the motor
connection, and equipment necessary to maintain electrical integrity of the connection. Test
equipment shall pass defined current through the device and allow for equal current among phases.
A minimum of one conductor temperature inside the pothead shall be physically measured or
derived through calculation.

A minimum of three samples shall be tested. Samples can be modified for conductor temperature
measurement purposes provided the modification does not impact the performance of the sample.
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c) Thetestfluid for the temperature-rise test shall be water. The water in the test fixture shall circulate
to maintain a constant temperature around the test equipment throughout the test.

d) Each sample shall be tested at a minimum of two amperages, subject to the conditions specified
in Table A.4.

e) Separate test samples do not need to duplicate the amperages used to test previous samples.
f) The amperage can be DC or AC (RMS).

g) On a given test, all three conductors shall have equal amperage such that the phase furthest from

£l +1a 1.0/ A€ + 4+l +1a
L1IIC avyuel asc IS TITU TIIUT U UIIdIl 1 /U0 UITICTI CTIIU UIIAaIT LIIiC avil asc.

h) |The temperature of the test fluid shall be modified so that the conductor temperaturg is within
10 °C of the maximum rated temperature of the pothead. The temperature shall be mqgnitored by
measuring the test fluid temperature within the test apparatus.

i) |The pressure shall be no greater than 700 kPa (101,5 psi) above the presstrenecessary o maintain
water in liquid phase at test fluid temperature.

j) |The test conditions are considered stable when the conductor temperature and fluid t¢mperature
change no more than 1 °C (1,8 °F), and the test pressure changes na.more than 20 kPa (2,9 ps]) in 30 min.

A.319.3.2 Construction of ampacity coefficient

A cyirve showing the expected temperature rise vs. ampetage shall be constructed per A.3.8|2.4.3.

A.3]19.3.3 Test acceptance criteria

The acceptance criteria shall be per A.3.8.2.4.4.
A.319.4 Pothead differential pressure ¢yeling performance

A.319.4.1 Test equipment and procedure

Validate that the pothead is capable of experiencing the rated pressure cycling performpnce using
thelfollowing:

a) |As aminimum, thetest equipment shall comprise of:
— the pothead@and a device that simulates the motor connection;

— a housihg to contain test fluid exterior to the pothead/motor simulator and mdintain and
medslire pressure;

—« afiousing to contain test fluid interior to the simulator and maintain and measure pfressure;

alica tao maaaciira oo ot

NOTE For the purposes of this test, motor simulator does not require electrical integrity, it is only a test
to determine the ability to seal.

b) A minimum of three samples shall be tested.

c) The samples used for testing purposes shall be standard equipment and not have any modifications
that shall affect their performance in the test.

d) The equipment shall be subjected to vibration at 1 G and 60 Hz in a direction consistent with radial
direction on the ESP when attached, for a period of not less than 6 h before use in the test. No
modifications or repairs to the equipment are allowable after exposure to the vibration.
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f)

g)

h)

A.3.9.4.2 |Test acceptance criteria

The test shall be at the maximum operating temperature for the pothead design. The temperature
shall be monitored by measuring the test fluid temperature within the test apparatus and shall be
maintained within a range of 2,5 °C (#4,5 °F) throughout the test.

The test shall use two test fluids. The fluid outside the device under test shall be water. The fluid
inside the device under test shall be motor fluid with a viscosity of no more than 8 cP at test
temperature. The two fluids shall be immiscible and clearly show contamination in either direction.

The test setup shall ensure that the test fluids are essentially free of debris and contaminants such
as air or water throughout the test.

The teft pressures shall be greater than ; aa psSia) and sutficient to maintain watdr in
liquid phase. The pressure(s) shall be changed throughout the test to achieve pressure cycles/[lt is
acceptpble to change either pressure outside the pothead/motor connection or the pressure infide
the comnection to change the pressure differential across the connection.

Once the stabilized test temperature is achieved, the maximum internal differential pressure shall
be applied to the connection and held for a minimum of 5 minute. After the hold period, the presqure
differgntial shall be changed to result in the maximum negative pressure differential rating. [The
rate off pressure change shall be no more than 6,9 kPa (1 psi) per second.The maximum negafive
pressure differential shall be held for a minimum of 5 minute. After the hold period, the differeqtial
pressure shall be changed until it reaches the maximum internal differential pressure rating. [Che
rate of pressure change shall be no more than 6,9 kPa (1 psi) per second. The process shall be
repeated to reach the rated number of pressure cycles or for 100 total cycles, whichever is greafer.

The supplier/manufacturer shall have documented procedures and acceptance criteria to validate|the

pothead differential pressure cycling performance ratingas indicated on the component data sheet

Testing shall be completed successfully on all threg.consecutive samples. Should one of the set of three

samples fa]l the testing, then a testing shall be performed with a new group of three samples.

A.3.9.5 LE Pothead thermal cycling performance

A.3.9.5.1 |Test equipment and pracedure

Validate the MLE pothead rated thermal cycling performance as reported on the component data sheet

using the fpllowing:

a)

b)

d)

72

As a miinimum, the tést equipment shall comprise of:
— the MLE pothéad and a device that simulates the motor connection;

— a housing*to contain test fluid exterior to the pothead/motor simulator and maintain jand
measure pressure;

— ahousing to contain test fluid interior to the simulator and maintain and measure pressure;
— adevice to measure temperature.

NOTE For the purposes of this test, motor simulator does not require electrical integrity.

A minimum of three samples shall be tested.

The samples used for testing purposes shall be standard equipment and not have any modifications
that shall affect their performance in the test.

The equipment shall be subjected to vibration at 1 G and 60 Hz in a direction consistent with radial
direction on the ESP when attached, for a period of not less than 6 h before use in the test. No
modifications to the equipment are allowable after exposure to the vibration.
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e) The test shall use two test fluids. The fluid outside the device under test shall be water. The fluid

inside the device under test shall be motor fluid with a viscosity of no more than 8

cP at test

temperature. The two fluids shall be immiscible and clearly show contamination in either direction.

f) The test setup shall ensure that the test fluids are essentially free of debris and contaminants such

as air or water throughout the test.

g) The test pressures shall be greater than 206,8 kPaa (30 psia) and sufficient to maintain water in
liquid phase. The exterior pressure should be maintained greater than the interior pressure with a
pressure differential equivalent to the maximum negative pressure differential rating of the MLE

pothead throughout the test.

h)

NOT

A3

Thd
the
min

abillity to hold the rated pressure differential in bothidirections.

Tes
san

Once the maximum test temperature is reached, the temperature should be held for-3
of 5 min. After the hold period, the temperature shall be decreased until the temperat
the minimum temperature for the thermal cycle rating. The rate of temperatuxé chang

5 minute. After the hold period, the temperature shall be increased until it reaches the
The process shall be repeated to reach the rated number of thermal eycles.

E The purpose of this test is only to determine the ability to seal at\the rated temperature r

9.5.2 Test acceptance criteria

supplier/manufacturer shall have documented procedures and acceptance criteria
MLE pothead rated thermal cycling performance ds\reported on the component data
imum, these criteria shall include the absence of léakage in either direction across the s

ring shall be completed successfully on all th¥ee consecutive samples. Should one of the

ples fail the testing, then a testing shall be performed with a new group of three samples.

minimum
ure equals
e should be

no more than 1 °C (1,8 °F) per minute. The minimum temperature shall be held for a minimum of

maximum

temperature rating. The rate of temperature change shall be no more than-1 °C (1,8 °F) jper minute.

inge.

Lo validate
Sheet. As a
pal and the

et of three
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Annex B
(normative)

Requirements for determining performance ratings as an
assembled system

B.1 Genleral

This anney provides supplier/manufacturers requirements for establishing performance.ratings
related tesfing of the assembled ESP system. Testing shall be performed to the requirements of Clau{
to an appr¢ved procedure with defined acceptance criteria, on calibrated equipmentand by a quali
person. Tesgting results shall be documented and approved by a qualified person othrer than the per
who perfofmed the testing. All testing shall be performed to conform to the requirements of 7.2, 7.3
7.6, and 7.8 and to document procedures which include acceptance criteria with'the results approve
a qualified[person.

NOTE Results from design validation testing are not necessarily directly applicable for predictio
downhole performance during operation.

B.2 Method for determining system capabilities

B.2.1 Axjal strength and bending tensile load

The supplier/manufacturer shall specify the axial strength, in terms of both maximum allowable ten

and
e 7,
fied
son
74,
1 by

h of

sile

load and mpximum allowable compressive load thatthe ESP system can be exposed to per the functignal

specificatipn. Axial strength of the assembly-tinder bending moment forces shall be determinec
performing a stress analysis calculation which is performed and reviewed by a qualified person.

B.2.2 Sufrface temperature rating

The supplier/manufacturer shall specify the minimum and maximum well site ambient temperat

by

ure

conditions|under which the ESR_system can be installed. This rating shall be established based upon

documentdd historical record ef field installations and performance and/or full scale testing.

B.2.3 Amperage rating for the assembled ESP system

The suppller/manufacturer shall specify the maximum amperage rating for the assembled
system during ‘operation, including start-up conditions. This rating shall be determined by

supplier/manufacturer’s calculations based onthe env1ronment as defmed by the functlonal specificati

ESP
the
on

—n

and the suft

B.2.4 Dog leg severity limits for the assembled ESP system

The supplier/manufacturershall provide thedoglegseveritylimitsfortheassembled ESP system determi

ned

using stress analysis calculations. The stresses in the ESP system are to be calculated and the stress value

and the maximum allowable stress value for the ESP assembly shall be provided at the following:
a) the mostsevere dog leg point in the well survey from the surface to the pump setting depth;

b) the ESP assembly setting depth.
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B.2.5 Deviation limits for the assembled ESP system

The supplier/manufacturer shall provide the maximum deviation angles reported as the number of degrees
from vertical which the ESP assembly can be installed through and at which the ESP can be operated.

B.2.6 Minimum, maximum, and differential operating environment temperature rating
for the ESP assembly

Thesupplier/manufacturershallspecify the minimum, maximum,and differential operatingenvironment
temperature ratlng for the assembled ESP system durmg operatlon 1nclud1ng start-up condltlons This
i C onment as
def ned by the functlonal spec1f1cat10n and the suppher/manufacturer shall defme the component(s)
which determine(s) the rating. The differential operating environment temperature rating for the seal
chamber section shall be calculated based on full contraction capacity utilization ofthe ypper most
chamber of the seal chamber section.

B.2l7 Maximum pressurization and depressurization rates

The supplier/manufacturer shall specify the maximum pressurization and depressurization rates for the
ass¢mbled ESP system during operation, including start-up conditions.These rates shall be determined by
the pupplier/manufacturer’s calculations based on the environmentas defined by the functional specification
and|the supplier/manufacturer shall define the component(s) which determine(s) the rate valueg.

B.2l8 Power requirements (kVA and kW)

The supplier/manufacturer shall determine through calculations the required input power|in kVA and
kW/at the wellhead to properly operate the assembled ESP system within the environment|defined by

inpyit terminals, and the additional requirementsdue to the losses in the cable and motor lead extension.
Thip information is to be provided to the user/purchaser in response to the functional specification. The

B.2l9 Assembled ESP system nmiator fluid percentage utilization of each seal chagmber
conjtraction capacity

Forleach seal chamber or setof parallel chambers, the supplier/manufacturer shall reportthe percentage
of nominal motor fluid contraction capacity that is used when the ESP system cools from the expected
maximum ESP operatingtemperature to the expected minimum well static temperature (when the ESP
is npt operating) as defined in the functional specification.

To dletermine the.oil volume relevant for a given chamber or set of parallel chambers, the cplculations
shall include thefollowing:

a) |the volume of the motor fluid in the motor(s);

b) |the volume of oil in any of the seal chambers below the given chamber;

c) any additional volume of oil in additional component or device below the given chamber.

For a gravity-type chamber, the calculations shall also include the total volume of the chamber itself. For a
positive seal type chamber, or set of parallel seal chambers, the volume shall also include the motor side of
the positive chamber when the positive seal device experiences maximum internal differential pressure.

For the purpose of the calculations, the entire volume of motor fluid shall be considered to be at the
estimated internal operating temperature of the motor for the application. The calculated contraction
shall be the change in volume of the motor fluid that results between the estimated internal motor
operating temperature and the minimum expected bottom-hole temperature of the well. This contraction
volume shall be divided by the rated capacity for the chamber type or set of parallel chambers and
corrected for operating deviation where applicable.

© IS0 2015 - All rights reserved 75


https://standardsiso.com/api/?name=3ef47626d22123d7ae09a78a98904b85

ISO 15551-1:2015(E)

B.2.10 Minimum operating speed for assembled system

The supplier/manufacturer shall have a documented process to determine the minimum operating
speed for the assembled ESP system for the environment defined in the functional specification. The
supplier/manufacturer shall consider conditions such as, pumping fluid to surface, lubrication of
bearings, motor fluid circulation, minimum start/break frequency, and downhole gauge requirements.

B.2.11 Maximum operating speed for assembled system

The supplier/manufacturer shall have a documented process to determine the maximum operating
speed for t i i i i ificati
supplier/manufacturer shall consider conditions, such as exceeding component ratings, erosi
velocities, ind well drawdown limitations.
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Annex C
(normative)

Functional evaluation: single component

General
=enera:

Thi
ESP
acc
by ¢

The
halt
isc
det
Tes

All
per

owiership to the user/purchaser. All testing shall be perfermed to conform to the requirem

7.3,

approved by a qualified person.

Pre
gra
low]

For

spe
ava

C.2

For

C.2

ins

component to conform to the functional specification. Each component shall perform
bptance criteria defined. The results of each functional evaluation shall be documented an
qualified person.

failure of a component to conform to any specified criteria requires the functional evaly
ed. The functional evaluation testing can then be restarted at the peginning after the
brrected. One exception is a supplier manufacturer defined testing-system anomaly tha
[imental effect on the component, in that case the testing can continue from the point of in
fing anomalies/interruptions shall be documented in the testing’results.

testing shall be in accordance with the supplier/manufacturer’s documented procg
formed by a qualified person. This testing shall be petformed prior to delivery and/or

7.4, 7.6, and 7.8 and to document procedures which include acceptance criteria with

le. Components qualified to higher grades of functional evaluation shall be considered q
er grades of functional evaluation.

the purposesofthesubsequenttablesinAnnexC,theterm“Inconformancewithsupplier/m
Cifications and acceptance criteria” requires component functional evaluation doc

Definitions
the purposes ofithis annex, the following definitions apply.

1

1lation-reSistance test

lability and/or documented:processes and procedures as approved by a qualified person.

5 annex contains requirements for the functional evaluation procedures that verify-the gbility of an

within the
 approved

ation to be
Component
[ causes no
Lerruption.

dures and
transfer of
ents of 7.2,
the results

vious documentation or testing applicable\to’existing components shall be accepted at its relevant

palified for

élnufacturer

mentation

hig

(cahle)

potential (Hipot) test reported as micro-amperage or micro-amperage per KV per 1 00

TFT

C.2.

2

conductor resistance test

low

C.2.

voltage resistance test to determine the resistance of a conductor

3

insulation discharge test

high-voltage test which is applied until the insulation breaks down/fails
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C.2.4

minimum allowable bending radius insulation discharge

high-voltage test which is applied to a cable at its minimum allowable bending radius until the insula-
tion breaks down/fails

C.3 Bolt-on discharge head

There are no functional evaluation requirements or grades for the bolt-on discharge head.

C.4 Purle and gas handler

There are

Table C.1 — Functional evaluation grades for pump and gas handler

three functional evaluation grades for the pump and gas handler component(s).as outlined
in Table C.1.

F3

F2

F1

Hydraulic g

valuation

Per APIRP 11S2

Per F3 but with the addi=
tion of two additional test
points taken at:

1. between minimum
operating limit'and BEP

2. betweén BEP and maxi-

mum operating limit

Per F2 with pass/fail
criteria at £3 % tolerarjce
on flow and head +5 %
tolerance on power, a

minimum of 93 % of pyb-
lished efficiency

Mechanicall
extension, §
and shafts

— shaft
haft end play,
de play

In conformance with
supplier/manufacturer
specifications and accept-
ance criteria

Pef’F3

Per F3

Mechanical

— shaft total

indicator ryn-out

In conformance with
supplier/manufacturer
specifications.and accept-
ance criteria

Per C.10

Per C.10

Vibration

In conformance with
supplier/manufacturer
specifications and accept-
ance criteria

Per API RP 11S8, but for
component outer diam-
eter <15,24 cm (6 in):
maximum peak velocity
amplitude for vertical test
is 0,508 cm/s (0,200 in/s),
for horizontal testing is
0,396 cm/s (0,156 in/s)

For component outer

Per F2

diameter >15 24 cm (6 in);
maximum peak velocity
amplitude for vertical
and horizontal testing is
0,635 cm/s (0,250 in/s).

All vibration spectrums
shall be taken over a
frequency range of 0 Hz to
600 Hz and limits above
apply to any peak in the
spectrum.
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ISO 15551-1:2015(E)

There is one functional evaluation grade for the bolt-on intake. The requirement is to functionally
evaluate the shaft rotation, shaft extension, shaft end play, and shaft side play in conformance with

supplier/manufacturer specifications and acceptance criteria.

C.6 Mechanical gas separator

There are two functional evaluation grades for the mechanical gas separator as outlined in Table C.2.

Table C.2 — Functional evaluation grades for mechanical gas separator

F2 F1
Meg¢hanical — shaft rotation In conformance with supplier/ Per F2
manufacturer specifications and
acceptance criteria
Meg¢hanical — shaft extension, shaft |In conformance with supplier/ Per F2
end play, and shaft side play manufacturer specifications and
acceptance criteria
Meg¢hanical — shaft total indicator In conformance with supplier/ Per C.10

manufacturer specifieations and
acceptance criterjia

run-out manufacturer specifications-ad
acceptance criteria
Meg¢hanical — rotor In conformance with supplier/ Rotor sub-components td be

dynamically balanced pe
manufacturer specificati
acceptance criteria.

- supplier/
bns and

Vibfation In conformance with supplier/
manufacturer specifications and

acceptdnce criteria

Per API RP 11S8, but for
outer diameter <15,24 cm

imum peak velocity amjplitude for
(0,200 in/s),
0,396 cm/s

vertical testis 0,508 cm/s
for horizontal testing is
(0,156 in/s)

For component outer

ity amplitude for vertical
tal testing is 0,635 cm/s

215,24 cm (6 in); maximu% peakveloc-

All vibration spectrums sH
over afrequency range of 0
and limits above apply to
the spectrum.

Supplier/manufacturer
a documented procedur
that shaftradial supporth

component
(6in): max-

diameter

nd horizon-
0,250 in/s).

all be taken
Hzto 600 Hz
any peak in

shall have
P to ensure
earings are

ndpqnnfplvlnhrirqud dnri,ngvibration

testing.

C.7 Seal chamber section

There are three functional evaluation grades for the seal chamber section as outlined in Table C.3. If seal

chamber section is integral to motor, please refer to C.8.
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Table C.3 — Functional evaluation grades for seal chamber section

F3 F2 F1
Hydrostatic evalua- Per API RP 1157 Per F3 Per F3 and including a
tion — bag/bladder/ pressure bleed off test
bellows, relief valves, during the air test using a
mechanical seals, housing pressure gauge to ensure
joints pressure holds for a mini-
mum of 5 min.
Mechanical — power loss, |Per API RP 11S7 Per F3 Per F3 and loaded power
shaft extengienshaftend losspersuppHerfmant{ac-
play, and sHaft side play turer specifications ang
acceptance criteria
Mechanicall — shaft total |In conformance with sup- |Per F3 Per C.10
indicator ryn-out plier/manufacturer spec-
ifications and acceptance
criteria
Seal fluid — dielectric In conformance with sup- |Supplier/manufacturer Per F2
plier/manufacturer spec- |shall perform testing in
ifications and acceptance |conformance with sup-
criteria plier/manufacturer spege-
ifications and acceptance
criteria
Vibration In conformance with sup- |Per API RP 1188, but for Per F2
plier/manufacturer spec- |component guber diam-
ifications and acceptance |eter <15,24,cm (6 in):
criteria maximum‘velocity peak
amplitude for vertical test
is0;508 cm/s (0,200 in/s),
for horizontal testing is
0,396 cm/s (0,156 in/s)
For component outer
diameter = 15,24 cm (6 in);
maximum peak velocity
amplitude for vertical
and horizontal testing is
0,635 cm/s (0,250 n/s).
All vibration spectrums
shall be taken over a
frequency range of 0 Hz to
600 Hz and limits above
apply to any peak in the
spectrum.
C.8 Motprs

C.8.1 General

There are three functional evaluation grades for the motor as outlined in Table C.4.
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Table C.4 — Functional evaluation grades for motors

plier/manufacturer spegcs
ifications and acceptanee
criteria

component outer diameter
<15,24 cm (6 in): maximum
peak velocity amplitude for
vertical testis 0,508 cm/s
(0,200 in/s), for horizon-
tal testing is 0,396 cm/s
(0,156 in/s)

For component outer
diameter 215,24 cm (6 in);
maximum peak velocity
amplitude for vertical

and horizontal testing is
0,635 cm/s (0,250 in/s).

All vibration spectrums
shall be taken over a
frequency range of 0 Hz to
600 Hz and limits apply to
any peak in the spectrum.

F3 F2 F1

Hydrostatic evalua- In conformance with sup- |Supplier/manufacturer Per F2
tion — pressure test for  |plier/manufacturer spec- |shall perform testing in
leaks (vacuum or pres- ifications and acceptance |conformance with sup-
sure) criteria plier/manufacturer spec-

ifications and acceptance

criteria
Mechanical — standard  |In conformance with sup- |Supplier/manufacturer Per F2
idlgfeeastIW pherfranttfactarerspee shraHperforartestinstn

ifications and acceptance |conformance with sup-
criteria plier/manufacturer spec-

ifications and acceptance

criteria
Me¢hanical — load test No requirement No requirement Per'A.3.7.3.1
Elettrical functional test- |Per C.8.2 Per F3 Per F3
ing|— insulation testing,
dielectric oil breakdown,
phdse imbalance
Meg¢hanical — shaft In conformance with sup- |Supplier/manufacturer Per F2
extgnsion, shaft end play, |plier/manufacturer spec- |shall perforii.testing in
and shaft side play (if ifications and acceptance |conformaneé with sup-
applicable) criteria plier/manufacturer spec-

ifications and acceptance

criteria
Vibfation In conformance with sup- , Per API RP 11S8, but for Per F2

C.8.2 Electrical functional testing procedure

The purpose of this procedure is to verify the electrical integrity of the manufactured ESP motor. This
test is typically performed at no load conditions. The test procedure shall be per supplier/manufacturer
established procedures and acceptance criteria which, as a minimum, conforms to the following.

a) Clean all electrical connections.

b) Measure phase to phase resistance which shall be balanced within +3 % of the average of the
resistance of all three phase to phase measurements.

c) Testinsulation resistance from phase to ground for all three phases (motor winding phases can be
tied together or tested separately) using a DC source at (1,5 x {nameplate voltage} + 1 000) x 1,7. The
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motor housing temperature shall be between 10 °C and 40 °C and supplier/manufacturer shall have
established acceptance criteria for either current leakage or minimum resistance.

d) Following motor rotational testing, test insulation quality from phase to ground. Test shall be
performed with the motor housing temperature at a minimum of 40 °C with all three phases closed
and at a minimum of 9 kV direct current and the motor housing temperature shall be recorded. The

supplier/ manufacturer shall have established acceptance criteria for current leakage value.

e) Testdi-electricstrength of oil in conformance with ASTM D877 or ASTM D1816. Oil shall successfully
test to a dielectric strength of a minimum of 20 kV direct current. This test shall be performed as the
last step in the testing process and the oil sample is to be taken from the motor base end.

C.9 Cable and MLE

C.9.1 Geperal

There are three functional evaluation grades for the cable and MLE as outlined in Tabte C.5.

Table C.5 — Functional evaluation grades for cable and-MLE

F3 F2 F1

Electrical 4 insulation In conformance with sup- |Per API RP 1156 ot Per F2
resistance, [EPDM, or poly- |plier/manufacturer spec- |IEEE 1018 or [EEE 1019
ethylene inpulated cable |ifications and acceptance

criteria
Electrical 4 insulation In conformance with sup- |Supplief/manufacturer Per F2
resistance, jother insula-  |plier/manufacturer spec- |shallperform testingin
tion types ifications and acceptance |cofformance with sup-

criteria plier/manufacturer spec-

ifications and acceptance
criteria

Electrical 4 conductor In conformance with'sup- |Per D.3.4 and D.4 Per F2
resistance plier/manufacturerspec-

ifications and.asceptance

criteria
Electrical 4 insulation No requirement No requirement Full AC discharge test
discharge (C.9.2)
Electrical 4 minimum Noequirement No requirement Full AC discharge testper
allowable bending radius NEMA WC 53
insulation discharge

C.9.2 Ins

C.9.2.1 (General

ulation*AC discharge test

Perform a test for determining the voltage at which the insulation of an insulated conductor breaks
down or fails by meeting the following requirements:

a) Supplier/manufacturer shall select three samples from the length of finished cable to be tested to
full discharge (failure) in the same manner.

b) The discharge test temperature shall be 20 °C (2 °C) [68 °F (¥3,6 °F)].

c) The test atmosphere shall be water.

d) The samples shall be prepared so that the cable ends are clean and well insulated from the
electric ground.
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e) A water tank is to be prepared which is designed so that the water within the tank is grounded.

C.9.2.2 Testing procedure
Validate the insulation AC discharge using the following.

a) The sample shall be bent so that some part of the cable is totally immersed in water while the cable
ends are kept out of water. AC voltage shall be applied to one phase while the two other phases are
shorted to each other and the cable armor and, if applicable, metallic or semi-conductive sheath
or layer are short-circuited to ground. The voltage shall start at zero and be increased at a rate of
no more than 1 000V per second All phacpq of all Qnmplpq shall he tested with the same Voltage

increase rate within +5 %.

b) [The voltage shall be increased until a short circuit occurs and there is conductanee bgtween the
tested phase and ground. Then the test shall be completed a second time te measyre the full
discharge on the second attempt.

c) |Repeat the test on the other two samples.
d) |Record the sample information and insulation breakdown voltages.

e) |Testing results shall be interpreted within the limits set by the-supplier/manufacturer.

C.1j0 Measuring shaft runout

C.10.1 General

The purpose of this procedure is to define the method for measuring shaft Total Indicator Rynout (TIR)
on the top and bottom ends of ESP components This procedure applies to the following cqmponents:
pump or gas handler, seal chamber section, intake and mechanical gas separator.

Thip procedure does not apply to comporients with less than two journal bearings on the shaft.

The construction of some components shall not allow easy access to both ends of the shaft. In those
casg¢s only one end shall be measured.

Thip procedure measures total indicator runout at the ends of a shaft that is (typically) supported by
journal type bearings that have a relatively loose fit. Measurement results shall be within thle limits set
by tlhe supplier/manufacturer. The total indicator runout measured is twice the actual shaft|deflection.

C.10.2 Procedure

The procedure'is as follows:

a) |Support the component on a flat surface that gives even support along the entire lemgth of the
comiponent or on moveable stands that support the component at the two quarter pointg.

b) Mount a dial indicator base on the exterior of the component or on another stationary surface, as
close to the end as practical. The indicator base can be magnetic or a clamp type. The indicator
measurement precision shall be 0,02 mm or 0,001 inches.

c) Position the indicator probe such that it contacts the major diameter of the shaft splines. Shaft
spline types, shaft extension, and indicator configurations vary considerably. A qualified person
experienced in measuring shaft runout should supervise and approve the test setup.

d) Working from the end of the component that is opposite of the indicator setup, slowly rotate the
shaft 360° while an observer notes the maximum deflection of the indicator. Components for which
only one end of the shaft is accessible and short components, such as bolt-on intakes, shall require
special care in rotating the shafts to avoid false readings.

© IS0 2015 - All rights reserved 83


https://standardsiso.com/api/?name=3ef47626d22123d7ae09a78a98904b85

ISO 15551-1:2015(E)

e) Repeatsteps a) through d) for the other end of the shaft, if applicable.

f) Total indicator runout for the component shall be reported for each end of the shaft.

84 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=3ef47626d22123d7ae09a78a98904b85

IS0 15551-1
Annex D
(normative)

Cable reference information

eneral
enera:

Thi

D.2

D.2

Unl
IEC

D.2

Tabje D.1 provides cable conductor dimensions for commo.cable construction types and sh
rovide conductor size ratings per A.3.8.2.2.

top

5 annex covers detailed information and references pertaining to copper power cable, cor

bss otherwise specified, conductor sizes specified in metric sizes~shall meet the requi
60228 for conductor dimensions, resistance, resistance testing,‘and temperature correc

Metric conductors

1 Conductor properties

2 Metric cable conductor dimension table

Table D.1 — Cable conductor min and max dimensions for common metric siz

:2015(E)

ductors.

rements of
Fion.

all be used

Conductor Maximum diameter of conductor
. Nominal-weight Solid Stranded Stranded compact
Size Area
(class 1) (class 2) (¢lass 2)

Trade cmil in2 mm?2 Ib/kft | kg/km in mm in mm in mm

nhgme
10jmm?2 | 19 644 0,015 5 10 59,7 88,5 0,146 3,7 0,165 4,2 0,157 4,0
16jmm2 | 31109 0,024 8 16 95,6 140 0,181 4,6 0,209 53 0,204 5,2
25lmm2 | 49 305 0,038'8 25 149,2 222 0,224 5,7 0,260 6,6 0,254 6,5

D.2.3 Metric conductor resistance tables

Table D.2 provides cable conductor nominal resistance values for common cable construction types and

sha

1 be used\as a quality check for various conductor sizes per D.2.1.

Table D.2 — Common copper metric conductor resistance values at 20 °C

Tab

©IS

Maximum conductor resistance values at 20 °C
Conductor size Solid (Class 1) Class 2 Stcr:;zz‘:'tggc“m' or
Bare Coated Bare Coated
Trade name Q/kft | Q/km | Q/kft | Q/km | Q/kft | Q/km | Q/kft | Q/km
10 mm?2 0,558 1,83 0,561 1,84 0,558 1,83 0,561 1,84
16 mm? 0,351 1,15 0,354 1,16 0,351 1,15 0,354 1,16
25 mm?2 0,222 | 0,727 | 0,224 | 0,734 | 0,222 | 0,727 | 0,224 | 0,734

le data were sourced from reference documents and further requirements in D.2.1.
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Table D.3 shows the resistance values of the same cables at 25 °C. This is for simplicity when comparing
them to the values found in the references that use 25 °C as the reference temperature.

Table D.3 — Common copper metric conductor resistance values at 25 °C

Table data

D.3 AW(

D.3.1 AW

D.3.1.1 G

Unless oth
requireme

D.3.1.2 §

Maximum conductor resistance values at 25 °C
Conductor size Solid 7-Wire stranded or compact
Bare Coated Bare Coated
Trade name Q/kft | Q/km | Q/kft | Q/km | Q/kft | Q/km | Q/kft | Q/km
1O 0571 1,87 U574 ;88 0,571 187 0,57% 1,88
16 mm?2 0,359 1,18 0,362 1,19 0,359 1,18 0,362 1,19
25 mm? 0,227 0,74 0,229 0,75 0,227 0,74 0,229 0,75

were sourced from reference documents and further requirements in D.2.1,

x conductors

/G conductor dimensions

eneral

brwise specified, conductor sizes specified in Americanwire gage (AWG) sizes shall meef]
nts in this subclause.

plid conductors

Solid condiictors shall be in accordance with ASTM B258.

D.3.1.3 7

7-wire strg

D.3.1.4 7
7-wire con]

Forlargert
requireme

D.3.1.5 A

-wire stranded conductors

nded conductors shall be in aceordance with ASTM B8.

-wire compact stranded'conductors

pact stranded conduetors shall be in accordance with ASTM B496 for AWG 2 and smaller.

han AWG 2, 7-wire’compact stranded conductors shall have a diameter of 92 % of the ASTI
nts for the equivalent AWG size.

WG cable‘conductor dimension table

Table D.4

revides cable conductor dimensions for common cable construction types and shall be u

the

[ B8

sed

to provide ornductorsize rah'ngc per A3 D

Table D.4 — Cable conductor nominal dimensions for common AWG sizes

Conductor Nominal diameter of conductor
Nominal weight

Size Area Solid 7-Wire stranded | 7-Wire compact

AWG cmil in2 mm?2 | lb/kft | kg/km in mm in mm in mm
6 AWG 26 240 0,0206 |13,3 79,4 118 0,162 4,11 — — — —
4 AWG 41 740 0,0327 |21,1 126 188 0,204 5,19 0,232 5,89 0,213 5,41
2 AWG 66 360 0,0521 (33,6 206 306 0,258 6,54 0,292 7,42 0,268 6,81
1 AWG 83690 0,0657 [42,4 260 386 0,289 7,35 0,328 8,33 0,298 7,57
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Table D.4 (continued)
Conductor Nominal diameter of conductor
Nominal weight
Size Area Solid 7-Wire stranded | 7-Wire compact
AWG cmil in2 mm?2 | Ib/kft | kg/km in mm in mm in mm
1/0 AWG 105 600 0,0829 (53,5 319,2 475 — — 0,368 9,35 0,337 8,56
2/0 AWG 133100 0,1045 (674 402,7 599 — — 0,414 10,8 — —

D.3.2 AWG copper conductor resistance

D.3

Solid bare conductors shall be in accordance with ASTM B3.

D.3

Solid tin coated conductors shall be in accordance with ASTM B33.

D.3

Solid lead coated conductors shall be in accordance with ASTM-B189.

D.3

7-wijire stranded bare conductors shall be in accordanéé& with ASTM B8, Class A stranded con

D.3

For[/-wire stranded conductors where each individual wire is tin coated, the nominal resistance o
confluctor shall be one seventh the resistance of an individual coated wire in accordance with A

D.3

For
the

with ASTM B189.

D.3

7-wlire compactstranded non-coated conductors shall be in accordance with ASTM B496.

D.3

For

2.1 Solid bare conductors

2.2 Solid tin coated conductors

2.3 Solid lead coated conductors

2.4 7-wire stranded bare conductors

2.5 7-wire stranded tin coated conductors

2.6 7-wire stranded lead coated conductors

7-wire stranded conductons where each individual wire is lead-coated, the nominal re
overall conductor shall be one-seventh the resistance of an individual coated wire in

2.7 7-wire compact stranded non-coated conductors

2.8 \7-wire compact stranded tin coated conductors

ductors.

fthe overall
STM B 33.

sistance of
hccordance

e nominal

7=Xzire compact stranded conductors where each individual wire is tin-coated th

resistance of the overall conductor shall be one-seventh the resistance of an individual tin-coated wire
in accordance with ASTM B33.

D.3.2.9 7-wire compact stranded lead coated conductors

For 7-wire compact stranded conductors where each individual wire is lead-coated, the nominal
resistance of the overall conductor shall be one-seventh the resistance of an individual coated wire in
accordance with ASTM B189.
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D.3.2.10 AWG conductor resistance tables

Table D.5 providesnominal copper cable conductor resistance values for common AWG cable construction
types and shall be used as a quality check for various conductor sizes per D.3.1.

Table D.5 — Nominal AWG copper conductor resistance values at 20 °C

Nominal conductor resistance values at 20 °C

Con;}::tor Solid 7-Wire stranded or compact
Bare Coated Bare Coated
AWG Q/kft | Q/km | Q/kft | Q/km CF Q/kft | Q/km | Q/kft | Q/km cr
6 AWG 0,395 2 1,297 0,406 7 1,334 09716 — — — — —
4 AWG 0,2485 0,815 0,2557 0,839 09716 | 0,2530 | 0,8300 | 0,2631 | 0,868.1.1 0,96] 6
2 AWG 0,156 3 0,513 0,160 9 0,528 09716 | 0,1590 | 0,5220 | 0,1653 | 0,5428 | 0,96[ 6
1 AWG 0,1239 0,407 0,127 5 0,418 09716 | 0,1270 | 0,4170 | 0,1307_Y_0,4292 | 09716
1/0 AWG 0,098 3 0,322 0,100 6 0,330 09766 | 0,1000 | 0,3280 | 0,1029 | 0,3376 | 0971L6
2/0 AWG 0,077 9 0,256 0,079 8 0,262 09766 | 0,0795 | 0,2610 |[(0;0818 | 0,2686 | 097|L 6
Table data sourced from reference documents and further requirements if)D.3.2.1 through D.3.2.9.
Table D.6 shows the resistance values of the same cables at 25 °C. This.is for simplicity when compafing
them to th¢ values found in the references that use 25 °C as the reference temperature.
Table D.6 — Nominal AWG copper conductoraesistance values at 25 °C
Nominal copper conductorresistance values at 25 °C
Cons(::;:tor Solid 7-Wire stranded or compact
Bare Coated Bare Coated
AWG Q/kft | Q/km | Q/kft; ] Q/km | Q/kft | Q/km | Q/kft | Q/km
6 AWG 0,4028 | 1,322 | 0,4146 | 1,360 — — — —
4 AWG 0,2533 | 0,831%40,2607 | 0,855 | 0,2579 | 0,846 | 0,2682 | 0,880
2 AWG 0,1593 | 0,523 | 0,1640 | 0,538 | 0,1621 | 0,532 | 0,1686 | 0,553
1 AWG 0,126 3~ 0,415 | 0,1300 | 0,426 | 0,1295 | 0,425 | 0,1332 | 0,438
1/0 AWG 0,1062| 0,329 | 0,026 | 0,336 | 0,1019 | 0,334 | 0,1049 | 0,344
2/0 AWG |0,0794 | 0,261 |0,0813 | 0,267 | 0,0810| 0,266 | 0,0834 | 0,274
Table data vere sourced-from reference documents and further requirementsin D.3.2.1 through D.3.4.10.

D.3.3 Repistance and temperature for copper AWG conductors

D.3.3.1

1
CIITT dl

Temperature correction on resistance or conductivity of cable conductors shall be in accordance with
temperature coefficients found in ASTM B193, based on conductor material and conductivity factor.

D.3.3.2 Temperature correction factor table for copper AWG conductors

Table D.7 shows the correction factors to correct measurements from measured temperature to 20 °C
and the correction factor to calculate the nominal resistance at service temperature based on the
value at 20 °C. The conductivity factors from the Table D.4 shall be used to determine the appropriate
correction factor.
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Table D.7 — Cable conductor temperature correction factors for copper AWG conductors

Multiplication factors to...
Temperature correct measuremeqt to 20 °C, based on conductiv- | correct 20 °C value to sel_*v_ice temperature,
ity factors based on conductivity factors
100 97,66 97,16 96,16 100 97,66 97,16
°C °F unitless unitless unitless unitless unitless unitless unitless

0 32 1,085 1,083 1,083 1,082 0,921 0,923 0,924
10 50 1,041 1,040 1,040 1,039 0,961 0,962 0,962
S5 59 1,020 1,020 1,019 1,019 0,960 0,961 0,981
40 68 1,000 1,000 1,000 1,000 1,000 1,000 1,000
35 77 0,981 0,981 0,981 0,981 1,020 1,019 1,019
30 86 0,962 0,963 0,963 0,964 1,039 1,038 1,038
35 95 0,944 0,946 0,946 0,946 1,059 1,058 1,057
40 104 0,927 0,929 0,929 0,930 1,079 1,077 1,076
45 113 0,911 0912 0,913 0914 1,098 1,096 1,096
j0 122 0,895 0,897 0,897 0,898 1,418 1,115 1,115
35 131 0,879 0,882 0,882 0,883 1,138 1,134 1,134
q0 140 0,864 0,867 0,867 0,869 1,157 1,154 1,153
q5 149 0,850 0,853 0,853 0,855 1,177 1,173 1,172
710 158 0,836 0,839 0,840 0,841 1,197 1,192 1,191
15 167 0,822 0,826 0,826 0,828 1,216 1,211 1,210
q40 176 0,809 0,813 0,814 0,815 1,236 1,230 1,229
45 185 0,797 0,800 0,801 0,803 1,255 1,250 1,248
90 194 0,784 0,788 0,789 0,791 1,275 1,269 1,267
1p0 212 0,761 0,765 0,766 0,768 1,314 1,307 1,306
1RO 248 0,718 0,723 0,724 0,726 1,393 1,384 1,382
140 284 0,680 05685 0,686 0,688 1,472 1,461 1,458
1p0 320 0,645 0,650 0,652 0,654 1,550 1,538 1,535
180 356 0,614 0,619 0,621 0,623 1,629 1,614 1,611
2P0 392 0,586 0,591 0,593 0,595 1,707 1,691 1,688
2p0 428 0,560 0,566 0,567 0,569 1,786 1,768 1,764
2f0 464 0,536 0,542 0,543 0,546 1,865 1,845 1,840
2p0 500 0,515 0,520 0,522 0,524 1,943 1,922 1917
2B0 536 0,495 0,500 0,502 0,504 2,022 1,998 1,993
3P0 572 0,476 0,482 0,483 0,486 2,100 2,075 2,070

D.3.4 Conductor resistance testing

D.3.4.1 General

Testing of the cable to determine its conductor resistance value shall be per ASTM B193.

D.3.4.2 Allowable resistance

The resistance of single conductor and multiple-conductor parallel-lay cable shall be no more than the
102 % of the appropriate value in Table D.2 corrected to test temperature per D.2.
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The resistance of multiple-conductor twisted assembly cable shall be no more than the 104 % of the
appropriate value in Table D.2 corrected to test temperature per D.2.

D.4 Other conductor configurations

Conductor configurations other than those in D.2 and D.3 shall be in accordance with an appropriate
standard or other requirement that consider dimensions and resistance and which shall be evaluated based
upon supplier/manufacturer procedures and evaluation criteria and implemented by a qualified person.
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Annex E
(informative)

Functional evaluation guideline — Assembled ESP system

General
=enera:

The
effé
sho
by ¢

Use
the
ope

Tes
acc
doc

E.2

Thi
can
sho
sele
For
mal
con

supplier/manufacturer should provide verifiable evidence that the components-~offe
ctively assembled to meet the requirements of the application as defined by the user/purd
1ld be determined through the series of tests described below and additional evaluations
qualified person(s) assigned for the assembled ESP system evaluation.

I/purchaser should select the tests, testing parameters, and order of)the testing as af
project requirements. The objective of these tests is to verify the compatibility of the cc
rational performance as designed, and system integration interfaces.

fing should be performed to the requirements of Clause 7, to dn approved procedure w
bptance criteria, on calibrated equipment and by a qualified person. Testing results
umented and approved by a qualified person other than¢he/person who performed the t

Mechanical compatibility test

5 test verifies the mechanical compatibility and-interface of the ESP system components. ]
be performed horizontally or vertically initlié supplier/manufacturer’s facility. The user]
L11d specify the specific components that-are required for this test. During the testing, all
cted (ESP and auxiliary equipment) should be mechanically coupled and flanges ful
components with rotating shafts; shaft end play, and rotation should be verified after 1
xe-up of each component in the jassembly. This test is considered successful if all 1
hections can be made up withaut damage and shaft settings (where measureable) are

plier/manufacturer specifi¢ations and the shafts of the entire assembly rotate freely.

red can be
haser. This
performed

plicable to
mponents,

ith defined
should be
psting.

his testing
purchaser
equipment
y secured.
mechanical
mechanical
within the
Rotation of
urning the

sted at an
rformance

discharge

on test the

ESP assembly only and therefore the surface drlve control system and power cable utlhzed is at the
supplier/manufacturer discretion. The supplier/manufacturer should provide test results in accordance
with user/purchaser requirements.

E.4 Stack-up test

The objective of this static test is to verify the ESP system assembly and installation procedure is safe
and fit for purpose. The pump is not started in this test. The stack-up test can mimic the rig floor activity
and particular consideration should be given to unexpected “hold-up” points and clearance issues.

Additionally, evaluation of the activities on the rig floor allows the user/purchaser to find strengths and
weaknesses in the procedure. This test can be extended by the user/purchaser to include operations
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such as running through hanger profile, assembling electric penetrators in the ESP packer, and set and
release of ESP packer.

The information from this test can be used to refine the mechanical compatibility test and aid
understanding of how the ESP system is handled and assembled such as where to spot spoolers, hang

goose neck

s, and minimizing hazards.

E.5 System integration test (SIT)

The purpose of the System Integration Test is to verify the performance of a complete system. For the

the sa
systerI‘l electrical characteristics, or a combination thereof.

combination thereof.

purpose of
a) ESP c

intend
b) ESP ca
c) Power

should

of the
To ensure
functionall
frequency,

The supplier/manufacturer in accordance with the user/purchaser should develop a rigorous

procedure
system int
externally
supply is h
design req

E.6 Pow

The object]
and run th,
user/ purc
utilized for
to achieve
or a dynan

this test, the equipment utilized tor test should be specified by the user/purchase as 1oilq

mponents (excluding cable): should be either the specific serial numbered cofapone
bd for installation or components of the same model and design.

e model and design, a load cell and/or electrical cable system simulator to mimic the ¢

equipment (such as adjustable speed drive (ASD), transformers;-gontrol systems): w
be either the specific serial numbered equipment intended*for installation, equip
same model and design, other equipment that is suitable for the purposes of the test,

the system as a whole operates as designed and meets specification, the ESP should

operating frequencies, and test fluids.

to demonstrate that the system is fit for\purpose through a series of tests that force
p alarm and trip scenarios. These scenanios can be created within the ESP control system
depending on their nature [(such as.opération or emergency shutdown (ESD)]. If the po
pused in module, then air pressuré.and volume should be verified to ensure conformand
lirements.

er test

ve of this test is te-verify that the power supply equipment is appropriately sized to s
e ESP motor to fullload conditions when connected to the correct power cable system,

naser agrees adoad cell and/or electrical cable system simulator (the specific equipment t
this test should be in accordance with E.5). If the motor designed for the application is un
|00 % motof load in the test conditions, an alternative larger pump might be required for t
ometer-can be substituted for the pump.

WS!

bnts

ble: should be either the specific serial numbered cable intended for installation, cable of

hble

ich
ent
DI a

be

y operated as per user/purchase requirements sueh as target flow rates, power supply

test
the
and
wer
e to

fart
br if
b be
hble
est,

E.7 Calc

NCAL

Qiting ESE ffict

J

ESP system efficiency can be calculated as the total amount of hydraulic power imparted into the fluid
by the ESP pump divided by the electrical power required at the power cable at the wellhead. The
calculation should incorporate all known PVT data to ensure best possible accuracy of the hydraulic
power estimate used for the calculation.
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Annex F
(informative)

Establishing recommended operating range (ROR) of ESP system

F1

F1

Thi
cre
reg

F1

F.1.

Axi
affe
bed

NO'T
ope

TCC CUIIIIITC It C o TOrCIEY TTOTY

1 General

5 annex describes the factors to be considered for defining an ROR and establishes gujdelines for

nting the ROR. Some factors are application specific, while others shall apply¢e a certain s
hrdless of the application.

2 Considerations for ROR

.1 Axial thrust forces

1 thrust forces are application specific because, in additiomte’hydraulic stage design, thrus
cted by the fluid density, operating rotational speed, andsnumber of pump stages. These fad
onsidered when comparing the axial thrust forces genérated compared to the thrustbearing

Floater pumps: Axial thrust forces on floating pump impellers can cause excessive wea
washers, especially when abrasive particles are present in the well fluid.

Compression pumps: Axial forces on compression pump impellers are transferred f
bearing, typically in the seal chamber*section.

Pumps with modular thrustbearings: Axial thrustforces are transferred to modular thruy|
located in the pump section. Accelerated wear can occur on these bearings in excessive d
conditions, especially when abrasive particles are present in the well fluid.

Pumps with hydraulic pistons for controlling axial thrust: Downthrust forces are equa
a hydraulic piston in“the top of the pump. Hydraulic piston size should affect the rec
operating range sélection.

E The ROR of a particular pump stage can vary depending on pump construction. A
Fating range_can be extended beyond the efficient operating range of the pump depending o

systlem supporting the pump, its construction type, and thrust curve.

EF1.

P.2<_Flow and pressure limits

Appfti

age design

t forces are
tors should
load limits.

I on thrust

o a thrust

stbearings
bwn thrust

llized using
bmmended

ump curve
the thrust

W required

to cool the motor or a maximum pressure that should not be exceeded in the pump housing or maximum
flow rate to prevent erosional velocities.

F.1.2.3 Power limits

Application specific limits to ROR can include constraints such as motor input power limits, motor

ope

rating temperature or amperage limits, and component shaft power limits.

F.1.2.4 Shape of head/flow rate curve

Centrifugal pump head vs. flow rate curves (per A.3.3.2) can show a droop, dip, or flat region in the
body of the head curve. This condition is not application specific and is a characteristic of centrifugal
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pumps which require a decreasing head curve for an increasing flow rate in order to have stable flow
rate control of the pump. When the head curve is flat or has a dip for a range of flow rates, the flow rate
of the pump can be unstable.
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Annex G
(informative)

Example user/purchaser ESP functional specification form

This annex provides a form which can be used by the user/purchaser to assistin specifying the functional

req nsive of all
reqfiirements. ,\<g
Q
Company name k.rl/
N
Coptact N’

1l information (required)

Swi

Existing or planned surface equipment: -

Oplerating environment: Coalbed methane [ | Heavyoil [| Conventional oil D(-\Source water [ | OtHer []
Wall Type: Vertical [ ] Directional [] Slant [] Hori‘zo@\é
W¢ll location: Onshore [| Offshore [ ] Subsea /D(S\
Repervoir Type: Carbonate [ | Shale [] Unconsolidated sandston(e{)@‘Coal [] Consolidated sandstonfe [ ]
Rejervoir Recovery Process : \\‘
Aquifer drive [ | Solution gas drive [ ] Wat%sﬁ%d [] Coaldewatering [ ] Thermal [ ]
Enhanced oil recovery : CO; flood [] W‘A@J Polymer flood []
Existing or planned power supply details : Ge@gtor [] Utility[] volts Hz
KVA / Amp supply limitations A\
xO
\b

tchboard [ ] 6-stepASD [ ] PWM \D Filtered PWM ASD [] Medium voltage [ ]

Spa

We

ce restrictions [ ] ¢

1l information (if available)

\/
11 Profile: O'S-shaped [] U-shaped [] sinusoidal [| multilateral []

Ge

pthermal gradient &;ﬂile: please attach
-~

Pr¢

bvious produc istory : please attach

npletion data (required) Units (circle one)

Pump setl ng epth [PSD] (measured depth [MD]) m - ft

Pu m@%}t}ing depth [PSD] (true vertical depth [TVD]) m - ft
Existi;g or planned total well depth: TVD / MD / m - ft
Producing interval depth (top) TVD / MD / m - ft
Producing interval depth (bottom) TVD / MD / m - ft

Casing outside diameter mm - in
Casing weight and grade kg/m- lbm/ft
Casing connection type

Minimum drift diameter through wellhead to bottom of ESP mm - in
assembly
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Tubing outside diameter mm - in

Tubing weight kg/m- Ibm/ft

Tubing grade

Tubing thread/type/size

Completion type: perforated casing [ | openhole []

Sand control: none [ | slotted liner [ ] gravel pack [ ] sandscreen [ ]

ESP system configuration: single [ 1 Dual [ | other[]

ESP deployment method: conventional tubing [] coiled tubing [] wireline[ ] <O

Completiori data (if available) Units (circle one)

Well deviation survey, (please attach) or as a minimum: . y\/

Inclination|at pump setting depth Degrees 0\({)‘0

Dogleg sevérity at pump setting depth degrees / 100ft 9r\d'e}vr.ges /30m

i::zi:;udlz ;)fleg severity between wellhead and pump o ]s()\b%\r{iegrees /30m
O

Tubing innpr coating type and thickness (if applicable) {\Q

Completiorn) thermal characteristics such as heat transfer coefficients for corQMion, insulated tubing/annulus
or flowing femperature profile (please attach) c\\}\

N
Completion diagram (please attach) %)

Operating :ind production information (required) Units (circle one)

Well inflow performance expressed as a minimum: (please g&h)
- expecr];d flow rate such as stock tank flow rate or ump discharge rate

- flowing pressure or fluid level at expected flow }_:QLe or a specified depth
Water cut \\\\) %
@
Tubing heald pressure k\‘\ . kPa - psi
Casing pregsure f.o kPa - psi
O
Minimum gxpected bottomhole ter(pyrature C-F
Maximum ¢xpected bottomho&‘:({.{r?lperature C-F
>
Reservoir gtatic pressure 20 kPa - psi
- reference 9&% m - ft
Total prodyicing ga@\)ratio sm’ / smi— scf/stb

Special opd r@g@nditions ; such as heavy completion fluids, sand face control, delayed start up, etc.

Operation and production information (if available) Units (circle one)
Sand cut %
Wellhead flowing fluid temperature °C - °F
Flowing temperature at reference depth °C - °F
Reference depth m - ft
Slugging tendency?
Yes - No
If yes, due to sand? gas? steam?
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