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reword

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
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A part 4 dealing with practices.for side-pocket mandrels and related equipment is under developms

f[governmental, In_liaison with 190, also take part in the Wwork. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

main task of technical committees is to prepare International Standards. Draft, Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

17078-2 was prepared by Technical Committee ISO/TC 67,.Materials, equipment and offshor
petroleum, petrochemical and natural gas industries, .Subcommittee SC 4, Drilling and
foment.

17078 consists of the following parts, under the general title Petroleum and natural gas il
ing and production equipment:

Part 1: Side-pocket mandrels
Part 2: Flow-control devices for side-pocket mandrels

Part 3: Running, pulling and kick-over tools, and latches for side-pocket mandrels

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies for‘voting. Publication as an

ct of patent

e structures
production

ndustries —

nt.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=3e93e1eb5371817c071f3a41a136ee28

ISO 17078-2:2007(E)

Introduction

This part of ISO 17078 has been developed by users/purchasers and suppliers/manufacturers of subsurface
flow-control devices used in side-pocket mandrels (hereafter called flow-control devices) intended for use in
the worldwide petroleum and natural gas industry. This part of ISO 17078 is intended to provide requirements
and information to all parties who are involved in the specification, selection, manufacture, testing and use of

flow-contro
the minimu
ISO 17078.

This part off
design val
user/purcha

Well envirpnmental service classes. There are four environmental service classes for flow-control deVv
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Design val
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parameters with which suppliers/manufacturers shall comply to claim conformity with this\pa

Idation grades. There are three design validation grades forflow-control devices that providg

ISO 17078 has been structured to support varying requirements in environmentalcservice clas|
dation, product functional testing and quality control grades. These variations allow
ser to select the grade for a specific application.

b the user/purchaser with a range of choices from which to select”products to meet var
tal conditions.

ser with a range of technical and performance requirements. This ensures that the prod
cording to this part of ISO 17078 meet the requirementsjand that the user/purchaser is abl
bse requirements with its preference or application and, determine whether additional requirem
bn the supplier/manufacturer.

It is import

herein can| be needed for individual applications. This' part of ISO 17078 is not intended to inhib
supplier/mgnufacturer from offering, or the user/purchaser from accepting, alternative equipmen
engineering solutions. This can be particularly applicable where there is innovative or developing technol
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Product fu
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under this p

Quality control grades. Thére ‘are two quality control grades that provide the user/purchaser with the ch
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In addition

nt that users of this part of ISO 17078 be aware that requirements in addition to those outl

Iternative is offered, it is the responsibility of the supplier/manufacturer to identify any variat
rt of ISO 17078 and provide details.

hctional testing grades. There are three product functional testing grades for flow-control dev
the user/purchaser with(ayfange of choices for confirming that individual products manufact
art of ISO 17078 meetthe design specifications.

ents to meet specific preferences or applications. Additional quality upgrades can be specifie
'chaser as supplemental requirements.
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Petroleum and natural gas industries — Drilling and production
equipment —

Part 2:
Flow-control devices for side-pocket mandrels

1 |Scope

Thig part of 1ISO 17078 provides requirements for subsurface flow-control devices used in [side-pocket
mandrels (hereafter called flow-control devices) intended for use in the worldwide petroleum and|natural gas
indystry. This includes requirements for specifying, selecting, designing,.manufacturing, quality-control, testing
and| preparation for shipping of flow-control devices. Additionallyy" it includes informationy regarding
performance testing and calibration procedures.

Thelinstallation and retrieval of flow-control devices is outside . the scope of this part of ISO 17078. [Additionally,
this|part of ISO 17078 is not applicable to flow-control deyices used in centre-set mandrels or with tubing-
retrievable applications.

Thig part of ISO 17078 does not include requirements for side-pocket mandrels, running, pulling, and kick-

ovef tools, and latches that might or might not be.covered in other ISO specifications. Reconditioning of used
flow-control devices is outside of the scope of this*part of ISO 17078.

2 [Normative references
Thel| following referenced documents are indispensable for the application of this document| For dated
references, only the edition~cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[9000, Quality management systems — Fundamentals and vocabulary

ISO| 15156 (all parts), Petroleum and natural gas industries — Materials for use in H,$-containing
environments’in‘oil and gas production

ISO[17Q78-1:2004, Petroleum and natural gas industries — Drilling and production equipment — Rart 1: Side-
pocketmandrels

ANSI/NCSL Z540-1, Calibration Laboratories and Measuring and Test Equipment General Requirements™)
ASME Boiler and Pressure Vessel Code, Section IX, Welding and Brazing Qualifications?)

ASTM A370, Standard Test Methods and Definitions for Mechanical Testing of Steel Products3)

1) NCSL International, 2995 Wilderness Place, Suite 104, Boulder, Colorado 80301-5404, USA.
2) American Society of Mechanical Engineers, Three Park Avenue, New York, NY 10016-5990, USA.
3) ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA, 19428-2959.

© 1SO 2007 — All rights reserved 1
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ASTM D1415, Standard Test Method for Rubber Property — International Hardness

ASTM D2240, Standard Test Method for Rubber Property — Durometer Hardness

BS 2M 54, Specification for temperature control in the heat treatment of metals*)

MIL-STD-1916, DOD Preferred Methods for Acceptance of Productd)

MIL-STD-413C, Visual Inspection Guide for Elastomeric O-rings®)

SAE AMS-}

BQ7E Jdant Terantmant of Qtan] Raia, Aot rin]oB)
VUT J L <

SAE AS564

3 Terms and definitions

For the pufposes of this document, the terms and definitions given in 1SO 9000 (for quality-system-rel

terms not g

3.1

acceptance

flow-control

3.2
ager

pressure de¢vice used to apply an external pressure to a flow=control device for a specified period of

and/or num

3.3

balanced injection-pressure-operated

injected ga
pressures g

3.4

certificate
documenta
and the req

3.5
coating
application

3.6
date of ma
date of marj

yrrcat rrocattierit OrotC eryavy vratcriars

B, Aerospace Size Standard for O-Rings

ven below) and the following apply.

device component(s) and/or assembly(s) accepted for use without restriction

ber of cycles

5 pressure-operated flow-control device with no spread, that is, for which the opening and clo
re the same

bf conformance
ion declaring that a specific flow-control device meets the requirements of this part of ISO 17
Lirements of the functional specification

bf a thin film-of one material on the surface of another material for different purposes

nufacture
ufacturer’s final acceptance of finished products

hted

me

5ing

078

NOTE

3.7

The date is day-month-year in the format DD-MM-YYYY.

design family
group of products whose configurations, sizes, materials and applications are sufficiently similar that identical
design methodologies can be used to establish the design parameters for each product within the family

4) British Standards Institute, Customer Services, 389 Chiswick High Road, London W4 4AL, UK.

5) US military/Department of Defense standard.
6) SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, USA.
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3.8
design method
method, procedure or equations used by the supplier/manufacturer to design a flow-control device product

3.9
design validation
process of proving a design by testing to demonstrate conformity of the product to design requirements

3.10

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

3.11
differential flow-control device
flowf-control device that opens and closes on differential pressure between the injected ‘gas and production
pregsures

3.14
dome
chamber that contains an internal pressure that is applied to the responsive-element that may be a bellows or
pistpn

3.13
dome charge maximum
supplier/manufacturer's maximum recommended pressure,charge in the dome at recommended operating
temperature

3.14
dummy flow-control device
blank device that is installed in a side-pocket mandrel to prevent flow or pressure communication between the
casing annulus and the tubing

3.18
dump/kill flow-control device
flowf-control device that is initially.closed; once it is open, it cannot be closed again

NOTE These valves have Verylarge ports and no reverse-flow check to allow a high injection rate to kill {he well.

3.1

dynamic flow testing
floy testing of an operable flow-control device to determine the flow characteristics as a function of changes in
either upstream.or. downstream pressures

31
end connections
threpd-erother mechanism providing a connection between the flow-control device and other equigment

3.18

flow coefficient testing

testing that is performed on a modified flow-control device to determine the flow capacity as a function of fixed
stem travel

3.19
full life cycle
expected period of time over which the product shall function according to the manufacturer’s specifications

3.20

functional test
test performed to confirm proper operation of equipment

© 1SO 2007 — All rights reserved 3
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3.21
functionali

ty

definition or description of the performance with associated properties, characteristics and limits of a flow-

control devi

3.22

ce

gas passage undercut
clearance between the flow-control device and the pocket of the side-pocket mandrel through which injected
media flows

3.23
heat
(cast lot) m

NOTE

3.24

informative

information
requiremen

3.25
injection-p,

injected gas

3.26
injection-p,

injected gas

3.27
job lot

group or qy

the manufa

3.28
latch
retention m

3.29
manufactu
process(es

i

bterial originating from a final melt or cast lot

or re-melted alloys, a heat is defined as the raw material originating from a single re-melted ingot,

that is meant to inform the user/purchaser or supplier/manufacturer. ‘without contai
s

ressure-operated
pressure-operated flow-control device

ressure-operated with choke
pressure-operated flow-control device with a chokecnstalled downstream of the port

antity of piece parts, subassemblies or assemblies that are grouped or processed together du
Cturing process

echanism for a flow-control device that is landed in a side-pocket mandrel

ring
and action(s) pérformed by an equipment supplier/manufacturer that are necessary to pro

finished component(s), assemblies and related documentation that fulfil the requests of the user/purcha

and to mee

NOTE
component(

3.30
model

)
S

the standards of the supplier/manufacturer

flanufacturing begins when the supplier/manufacturer receives the order and is completed at the momen
), asse€mbly(ies) and related documentation are transferred to a transportation provider.

ning

ring

vide
ser,

t the

side-pocket mandrel flow-control device that has unique components and functional characteristics that
differentiate it from other products of the same type

3.31
normative

information or procedures that shall be used by the user/purchaser or supplier/manufacturer as they comply

with this pa

rt of ISO 17078
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3.32
nozzle venturi flow-control device
flow-control device that cannot be closed, but is intended to restrict flow to a desired rate

NOTE The port is in the shape of a venturi nozzle.

3.33
operating environment
set of environmental conditions to which the product is exposed during its service life

NOTE This includes such environmental variables as temperature, pressure, liquid composition and properties, gas
compasition and properties _solids _etc

3.34
orifjce flow-control device
flow-control device that cannot be closed but is intended to restrict flow to a desired rate

3.34
pergceptible leak
any|leak during a test that can be detected

3.3
pilat flow-control device
injected gas pressure-operated flow-control device with a primary<opening section that activafes the full-
opehing flow section

3.37
profduction-pressure-operated
production-well fluid pressure-operated flow-control device

3.3
profuction-pressure-operated with choke
prodluction well fluid pressure-operated flow-control device with a choke installed upstream of the port

3.3

qualified design family
des|gn family whereby the validatien of one or more representative design(s) and product(s) permifs the entire
famjly to be treated as validated.by association in accordance with 6.4

3.4(
qudlity control
prog¢ess and/or method(s) used by the supplier/manufacturer to ensure the quality of the materials and
manufacturing process(es)

3.41
ratgd pressure
maximum pressure at the rated temperature for which the flow-control device is designed in norma| operation

3.42
rated temperature
maximum temperature at the rated pressure for which the flow-control device is designed in normal operation

3.43
shear orifice flow-control device
flow-control device that is initially closed; once it is opened, it cannot then be reclosed

NOTE It is equipped with a back-check valve.

© 1SO 2007 — All rights reserved 5
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3.44

side-pocket mandrel
tubing-mounted device that accepts a flow-control or other device in a bore that is offset from, and essentially
parallel with, the through-bore of the tubing product

NOTE

3.45

This bore includes sealing surfaces and latching profiles.

supplier/manufacturer
company, organization or entity that designs, manufactures and/or markets flow-control device products

3.46

technical specifications

requirements of the equipment necessary for compliance with the functional specification

3.47

test pressure

pressure, based upon all relevant design criteria, at which the equipment is tested

NOTE Each test pressure has a related test temperature, as specified by the pertinent test'procedure.
3.48

test temperature

temperaturg, based upon all relevant design criteria, at which the equipment’is tested

3.49

traceability

(job loty abjlity for individual components to be designated as-‘originating from a job lot that identifies
included hegat(s)

3.50

type

flow-control| device equipment with unique characteristics that differentiate it from other functionally sin
flow-control| device equipment

3.51

user/purchaser

company, drganization or entity that purchases, installs and uses flow-control device products
3.52

welding

method for joining two metallic’'substances through a process of melting and re-solidification
NOTE The term “welding” covers welding, brazing, or soldering operations.

3.53

well envirghmental service grade

the

nilar

well envirorjmeéntal service grade refers to the service in which the flow-control device is used

3.54
wireline

equipment and associated technique(s) used to install and retrieve flow-control devices in a well using a
continuous length of solid line (slick line) or stranded wire, appropriate spooling equipment at the surface and
weight and specialized tools attached to the well (downhole) end of the wire

3.55

yield strength
stress level measured at test temperature, beyond which material plastically deforms and does not return to its

original dim

NOTE

ensions

The yield strength is expressed in units of force per unit of area.

© 1SO 2007 — All rights reserved
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4 Symbols and abbreviated terms

4.1 Abbreviations

ANSI American National Standards Institute

AQL acceptable quality level

ASME American Society of Mechanical Engineers
ASTM American Society of Testing Materials

AWES Americamelding-Soctety

CIP|lr constant injection pressure test

CPRT constant production pressure test

EC equalizing control flow-control device

FCD flow-control device

GST geometric stem travel for fully opened condition
ID internal diameter

IPO injection-pressure-operated

ISA Instrument Society of America

LST maximum effective stem travel from the probe test

MSCFD thousands of standard cubic feet per day

MSCMD thousands of standard cubic metres per day.

NDE non-destructive testing method

oD external diameter

PPO production-pressure-operated

PQR procedure qualification reCord

RP recommended practice

SC standard conditions,/assumed to be 101 kPa (14,73 psia) and 15,5 °C (60 °F)
SCED standard cubijcfeet per day

SCMD standard-cubic meters per day

VS flow-control device stem travel

WPQ welder/welding operator performance qualification
WPB welding procedure specification

4.2| (Symbols and engineering terms

Ay effective bellows area, expressed in square centimetres (square inches)

Ay area based on the nominal port diameter, expressed in square centimetres (square inches)

Ag area based on the diameter where the stem contacts the seat, expressed in square centimetres
(square inches)

B bellows assembly load rate, expressed in kilopascals per centimetre (pounds per square inch per
inch)

Cy flow coefficient

dpr differential pressure, expressed in kilopascals (pounds per square inch)

© 1SO 2007 — All rights reserved 7
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dst

dy st

dysT

vC

veTl

Vo

voT

vst

distance stem has moved from seat, expressed in centimetres (inches)
distance of maximum effective stem travel from probe test

distance of flow-control device stem travel

specific heat factor, equal to /1,40

factor determined by the manufacturer to calculate the upstream test procedure for the constant
injection pressure test

ratio of specific heats of lift gas

slope of the best-fit straight line

upstream gauge pressure of test section, expressed in gauge kilopascals (pounds’ per squiare
inch)

downstream gauge pressure of test section, expressed in gauge kilopascals\(pounds per sqliare
inch)

operating injection gauge pressure at flow-control device depth, expressed in gauge kilopasgals
(pounds per square inch)

upstream gauge pressure for a constant downstream pressuré

flowing production gauge pressure at flow-control device:depth, expressed in gauge kilopasicals
(pounds per square inch)

measured or calculated pressure applied over the.area (4, minus 4), required to initiate flow
through a flow-control device with zero gauge pressure downstream at |[the
supplier/manufacturer's reference temperature

NOTE Referred to as flow-control deviée-opening pressure at the supplier/manufacturer's refergnce
temperature, expressed in gauge kilopascals (pounds per square inch).

measured or calculated gauge pressure applied over the area (4, minus 4), required to inifiate
flow through a flow-control device with zero gauge pressure downstream at 15,5 °C (60 °F)

NOTE Referred to as(flow-control device opening pressure at standard temperature, expressgd in
gauge kilopascals (pounds.per square inch).

measured or calculated upstream gauge pressure when the downstream pressure is equal tq the
upstream pressure and near zero gas flow rate at 15,5 °C (60 °F)

NOTE Referred to as flow-control device closing pressure at standard temperature, expressed in gauge
kilopascals/(pounds per square inch).

measured or calculated upstream gauge pressure when the downstream pressure is equal tq the
upstream pressure and near zero gas flow rate at a known temperature

NOTE Referred to as flow-control device closing pressure at a known temperature, expressed in gauge
kilopascals (pounds per square inch).

valve opening pressure

measured or calculated gauge pressure applied over the area (4, minus 4), required to initiate
flow through a flow-control device with zero gauge pressure downstream at a known temperature

NOTE Referred to as flow-control device opening pressure at a known temperature, expressed in gauge
kilopascals (pounds per square inch).

pressure at maximum stem travel

© 1SO 2007 — All rights reserved
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measured flow rate at standard conditions, expressed in cubic metres per hour or standard cubic
feet per hour

measured flow rate at standard conditions, expressed in thousands of standard cubic metres per
day or thousands of cubic feet per day

ratio that expresses the “tubing effect factor” of flow-control devices, as given by Equation (1) or
the alternative form given in Equation (2):

R = 22 ] /[1- 4| (1)

Ra

5.1

The

577 <57
Rier = (onT = Pyer )/PVCT (2)
roughness, expressed in micrometres (micro-inches)
specific gravity of gas (the value for air equals 1,0)
time, expressed in seconds

upstream gas temperature, expressed in either degrees Celsius (degrees Fahrenhgit) or kelvin
(degrees Rankine)

temperature of flow-control device at depth, expressed in either degrees Celsids (degrees
Fahrenheit) or kelvin (degrees Rankine)

pressure ratio; the measured differential pressure across the test section divided by the absolute
upstream pressure, expressed as dP/(#;+100) kPa [dP/(P1 +14,7)psi]

it critical pressure ratio factor; the pressure ratio factor at which the velocity of fluid exceeds the

local speed of sound

NOTE Critical flow occlrs:'when Fi xR, equals or exceeds the pressure ratio. The value is
determined as specified in-Clause 5.

expansion factor

upstream compressibility factor

Functional'specification

General

puppose of the functional specification is to allow the user/purchaser to specify and define the functional

requirements for flow-control device(s).

The
The

user/purchaser shall prepare a functional specification for products that conform to this part of ISO 17078.
specification shall specify the following requirements and operating conditions, as appropriate, and/or

identify the supplier/manufacturer’s specific product. These requirements and operating conditions may be
conveyed by means of a dimensional drawing, a data sheet, a functional specification form or other suitable
documentation.

5.2

Functional characteristics

A flow-control device is a device that is landed by wireline or other means and secured in a side-pocket
mandrel bore. The flow-control device acts to control the flow or communication of gas and/or liquid between

© 1SO 2007 — All rights reserved 9
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the pressure-retaining areas of the well (e.g. annulus-to-tubing flow of gas, tubing-to-annulus flow of injection

fluid, etc.).

The user/purchaser shall specify, as applicable, the following functional characteristics.

a) Flow-control device functions, including the specific function for which the flow-control device is used, e.g.
gas lift, chemical injection, water flood injection, etc.;

b) Functions, which the user/purchaser may define by specifying either a specific flow-control device or
functional items such as the following:

— flov-control device type: TPO, PPO, seat material, elastomers, packing type, TRO/PVC range
special coating;

— N

— P

— port type: square-edged, bevelled, tapered, venturi, cross-over;
— maximum bellows pressure;
— bellows protection;

— maximum spring load rate;

— mi

— mi

— bakk-check flow-control device(s);

— c¢h

c) Latch,
control

d) Seal bore, either the nominal size and: configuration with which to accommodate the flow-control or g

device

installation;

e) Comm
control

f) Condu
which

specified flow=control device communication and internal port sizes are compatible.

5.3 Well

5.3.1 Wel

inal flow-control device size, e.g. 2,54 cm (1 in), 3,81 cm (1,5 in), etc;

size;

himum flow-control device stem travel;

himum/maximum flow rate when fully open;

bke size and type, if applicable;
he size and/or type and/or model(s).of 'which may be used to install, secure and retrieve the f]
device in a side-pocket mandrel;

or the model(s) of the  side-pocket mandrel in which the flow-control or other device
inication ports, either the location and configuration of both inlet and outlet ports on the f
device, and/orthe'model of the flow-control device for installation;

t ports, thesGonnection size and configuration for side-pocket mandrel external ports and outle
b side-sthing, control, or injection conduit is to connect. This is for reference to validate that

and

Oow-

ther
for

Oow-

s to
the

parameters

| fluid parameters

The following well fluid parameters to which the flow-control device is exposed during its full life cycle shall be

provided:

a) fluid composition, chemical composition, specific gravity, etc., of

— produced fluids (liquid, hydrocarbon gas, CO,, H,S, etc.),

— injection gas (e.g. hydrocarbon gas, CO,, etc.),

10
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— injection fluids (e.g. water, steam, CO,, chemicals, etc.),
— completion fluids,

— treatment/stimulation fluids/chemicals;

b) description of extraneous components (e.g. paraffin, sand, scale, corrosion products, etc.).

5.3.2 Allowable well operations

Expected well intervention(s) including its (their) parameters, such as the following, shall be stated:

a) |acidizing, including acid composition, pressure, temperature and acidizing velocity, as well'gs exposure
time and any other chemicals used during well stimulation;

b) |fracturing, including proppant description, fracture fluid velocity, proppant/fluid ratio;

c) |sand consolidation operations.

5.3.8 Corrosion information
If the user/purchaser has access to the corrosion property data_of ‘the operating environment based on
histprical data and/or research, this information shall be made available to the supplier/manufacturer. The

usef/purchaser may indicate to the supplier/manufacturer whichimdterial(s) has/have the ability tol perform as
required within the subject well's corrosion environment.

5.4| Operational parameters

Thel user/purchaser shall specify specific appropriate installation, testing and operational parametgrs to which
the flow-control devices are subjected. These shall'include, but are not limited to,

a) |expected hydrostatic head at flow-contrel device depth,

b) |expected minimum and maximum operating injection pressures,
c) |expected minimum and maximum operating production pressures,
d) |expected minimum andymaximum operating temperatures,

e) |expected minimum and maximum gas or liquid injection rates,

f) |expected mifimum and maximum fluid production rates,

g) |expected'maximum differential pressure across the back-check,

h) |expected maximum internal-to-external differential pressure across the flow-control device,

i) expected pressure/differential at which a dump/kill or shear orifice opens,

j)  expected installation, testing and operational procedures,

k) expected flow-control device deployment and retrieval method(s).

Exceptional operating conditions can require flow-control devices that are outside of the scope of this part of

ISO 17078. In such cases, the user/purchaser and the supplier/manufacturer shall develop a mutually
acceptable design and evaluation program that meets the intent and spirit of this part of ISO 17078.

© IS0 2007 — Al rights reserved 1
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5.5 Compatibility with well-related equipment

The user/purchaser, where applicable, shall specify the interface connection designs and material
requirements, free-passage requirements and external/internal dimensional limitations needed to ensure that

the product
An example

a)

conforms to their application.

list is as follows:

other well equipment.

b)
locatio

ISO 17078
ISO 17078-
with ISO 17
dimensions
documente

5.6 Envi

The user/plirchaser shall specify one of the following environmental service classes. If no class is speci

class E4 is
classes as

E4:
E3:
E2:
E1:

5.7 Desi

The user/py
specified, g
validation g

V3:
V2:

V1:

internal/external receptacle profile(s)/securing mechanism(s), sealing dimensions and their respeq

L

S.

1:2004, Table 1, details the polished bore dimensions required for side-pocket mandrels bu
1 specifications. The flow-control devices shall be selected to match the dimensions;in accorda
078-1. If there are occasions when the design of the side-pocket mandrel requires polished

other than those listed, agreement between user/purchaser and supplier/manufacturer sha
.

ronmental service classes

deemed acceptable. This part of ISO 17078 provides for the/following four environmental ser
stipulated in 6.3. See Annex B for definitions.

Standard service;
H,S or sour service;
CO, service;

Unique service, the characteristics of:which are specified by the user/purchaser.

gn validation grades

rchaser shall specify one-of.the following design validation grades. If no design validation grag
rade V3 shall be deemed-acceptable. This part of ISO 17078 provides the following three de
rades as stipulated in-6.5. See Annex C for definitions.

Basic level of-design validation;
Intermediate level of design validation;

Highest level of design validation.

5.8 Product functional testing grades

size, type, material, configuration and interface dimensions of the connection between the product and

tive

It to
nce
bore
| be

ied,
vice

eis
5ign

The user/purchaser shall specify one of the following product functional testing grades. If no product functional
testing grade is specified, grade F3 shall be deemed acceptable. This part of ISO 17078 provides the
following three product functional testing grades as stipulated in 6.6. See Annex D for definitions.

F3:

F2:

F1:

12

Basic level of product functional testing;
Intermediate level of product functional testing;

Highest level of product functional testing.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=3e93e1eb5371817c071f3a41a136ee28

5.9

ISO 17078-2:2007(E)

Quality control grades

The user/purchaser shall specify one of the following quality control grades. If no quality control grade is
specified, grade Q2 shall be provided. This part of ISO 17078 provides two design quality control grades as
stipulated in 7.4.

Q2: Basic level of quality control;

Q1: Highest level of quality control.

5.10_Additional required testing

The)
con

6

6.1

6.1. Purpose

The]
tecH
mar

The)
use
the

6.1.

The]
flow

type

user/purchaser may specify additional design validation testing, product functional testing)ar

Technical specification

General requirements

purpose of the technical specification is to guide the supplier/manufacturer to specify and
ufactured to meet the functional specifications produced by the user/purchaser.
supplier/manufacturer shall prepare the technical specification to meet the requirements de

broduct data as defined in 7.2 to the user/purchaser.

R Flow-control device groups

re are many possible types and -permutations of flow-control devices. For purposes of sim
-control device design validation testing and product functional testing, the various flow-co
s are classified into groups.as shown in Table 1. See Clause 3 for definitions.

d/or quality

rol that is deemed necessary for a specific application. These requirements shall be in addition to those
incllided herein.

define the

nical requirements that shall be met by the flow-centrol device product(s) that are depigned and

fined in the

[/purchaser’s functional specification as defined-in Clause 5. The supplier/manufacturer shall d@lso provide

blification in
htrol device

© 1SO 2007 — All rights reserved
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Table 1 — Flow-control device descriptions

Flow-control Flow-control . L.
. - Flow-control device description
device group device types
IPO Injection-pressure-operated flow-control device
Balanced IPO Inject.lon-pressurg-operated flow-control device with no “spread”, that is the
I opening and closing pressures are the same
IPO with choke Injection-pressure-operated flow-control device, with a choke installed
downstream of the port
PPC Pludubt;ulI'pIUDOUIU'UpUIGtUd ﬂUVV'bUIItIU: dUV;bU
Il ; ; ; PR
PPO with choke Production-pressure-operated flow-control device, with a choke. finstdlled
upstream of the port
Pilot Injection-pressure-operated flow-control device with a pilot section arld a
" full-opening primary flow section
. . Flow-control device that opens and closes depending on the differgnce
Differential S :
between the injection and production pressures
Orifice Flow-control device that cannot be closed
. Flow-control device that cannot be closed, having a port in the shape pf a
Nozzle venturi !
venturi nozzle
\V] Shear orifice Flow-control device that is initially"cloesed; once it is opened, it cannot then
be reclosed
Flow-control device that is initially closed; once it is opened, it cannot then
Dump/kill be reclosed. These valves‘have very large ports and no reverse-flow check
to allow a high-injection‘rate to kill the well.
Blank device that is,installed in a side-pocket mandrel to prevent flow or
\Y, Dummy N\ . :
pressure communication between the casing annulus and the tubing
S Injection-pressure-operated flow-control device used for injection| of
Chemical injection . MR )
Vi chemicalftom a special injection line into the tubing
Chemical injection — | Spring-operated flow-control device used for injection of chemical froj a
spring loaded special injection line into the tubing
Surface controlled — Flow-control device that is opened or closed by use of hydraulic presgure
hydraulic actuated from the surface
ViI Surface contrelled’ — Flow-control device that is opened or closed by use of an electrical signal
electric actuated from the surface
p » Flow-control device that contains on-board logic that can be used to
Smart .
regulate its degree of open/close
Flow-control device used to control the rate of liquid injection within desjred
VIl Liquid injection
ranges
Devices that are not intended to control flow but may be installed in side-
nocket-mandrels —such-as-devices for nressure-measurement.-temperature
IX Other - N ) - - LY
measurement, monitoring corrosion, measuring flow, connecting to other
devices and providing control logic

6.2 Technical characteristics

6.2.1 General

The supplier/manufacturer shall design and manufacture the flow-control device product to meet the
functional criteria in 6.2.2 through 6.2.6.

14 © IS0 2007 — All rights reserved
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6.2.2 Flow-control device installation

The flow-control device shall be positioned and seal at the specified location and remain so until human
intervention defines otherwise.

6.2.3 Functional requirements

While located in the side-pocket mandrel, the flow-control device shall perform as in accordance with its
specific technical specification.

6.2.

The)

A—TFoolpassage

flow-control device, where applicable, shall not interfere with the safe passage through“the

side-pocket

marndrel of tools, as specified in the functional specification.

6.2.6 Corrosion and chemical resistance requirements

Shauld the supplier/manufacturer determine that another material can_ equally or better] meet the
usef/purchaser's specified corrosion-prevention requirements for the'\_application (see p.3.3), the
usef/purchaser shall be notified that this material has performance characteristics suitable for all |[parameters
spegified in the well and production/injection parameters (see 5.4). Thissapplies to metallic and pon-metallic
components. Agreement shall be obtained before any change if, materials from those indicated by the

usef/purchaser.

6.2.6 Operating parameters

The| flow-control device shall perform in accordance*with the operating parameters and charagteristics as
stated in the functional specification.

6.3| Design criteria

6.3.1 General

Thel| supplier/manufacturer shall use the design criteria in 6.3.2 through 6.3.11 in designing the [flow-control
device(s).

6.3.2 Material environmental service grades

The| supplier/manufacturer shall meet the environmental service requirements as specified by the
usef/purchaser. The’required design requirements associated with each environmental servicg grade are

detd

6.3.

iled in Annéx-B.

B Péerformance rating

Th

subnlier/manufacturer shall state the nressure temnerature and other onerational character
T g Y g g

stics of the

flow-control device.

6.3.4 Polished bore dimensions

ISO 17078-1:2004, Table 1, details the polished bore dimensions required for side-pocket mandrels built to
ISO 17078-1 specifications. The flow-control device shall be designed to be compatible with dimensions in
accordance with 1ISO 17078-1. However, there may be occasions when the design of the flow-control devices
requires polished bore dimensions other than those listed. In those cases, agreement between user/purchaser
and supplier/manufacturer shall be documented.
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Interchangeability

Components and subassemblies of each type, model and size of flow-control device shall be designed,
manufactured and identified to provide interchangeability within the product line of any one manufacturer.
Stems and seats lapped to form matched sets are considered a single component for the purposes of this

subclause.

6.3.6 Compatibility

The suppller/manufacturer shall prowde documentation of specmc S|de pocket mandrels and Iatches that are

compatible

6.3.7 Di

Dimensiong
preclude pr|

and/or othef

6.3.8 Pac

6.3.8.1 4

The suppligr/manufacturer shall provide elastomeric materials that<are compatible with the environmg

service grs
materials o
than 120. T
materials.

6.3.8.2 H

The diamet

dimensions
supplier/ma

6.3.8.3 [

Packing, Of
6.3.9 Gog
Good desig

Locate

king, O-rings and seals

A

| tolerances of components or subassemblies shall be such that cumulative tolerances do|
bper operation as described in the design validation requirements. The assumptions, calculat
design criteria shall be detailed in the design file for that product.

\llowable elastomeric materials

de specified by the user/purchaser. Where applicable) consider the effects on elastom
the presence of aromatics and the proportion of hydrocarbons with a molecular weight of
he supplier/manufacturer shall document the process used for selecting compatible elastont

acking polished bore dimensions

mandrel pocket.

ade

not
ons

ntal
eric
ess
eric

ers of the external packing on all flow=control devices shall be designed using the polished bore
as listed in 1SO 17078-1 or yupon special agreement between user/purchaser [and

nufacturer.

pesign validation testing

rings and seal design-yalidation testing shall be conducted as detailed in 7.4.8.2.

d design practice

h practicés, such as the following, shall be used.

the'\gas passage entry port of the flow-control device in the gas passage undercut of the dide-

pocket

are lowered into or retrieved from the well.

devices are pulled through the side-pocket mandrel.

16

Provide rounded or bevelled exterior surfaces to prevent handing difficulties as the flow-control devices

Design to prevent possible unseating of the flow-control device from the side-pocket mandrel as other
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6.3.10 Design methods

Flow-control devices shall be designed using all or some of the following:
— finite element analysis for strength of material issues;

— computational fluid dynamics for flow characteristics;

— proprietary equations;

— standard equations;

— | experimental stress analyses;
— | experimental flow analyses;

— | proof test analysis.

Thig part of ISO 17078 does not dictate the methods, equations or procedurés for design purposes. The
des|gn method(s) that are used shall be documented in written supplier/manufacturer procedures.

All pressure-containing parts shall be designed to satisfy the supplier/manufacturer’s test presspres and to
meegt the conditions defined in the functional specification. The assumptions, calculations and/or gther design
critgria shall be detailed in the design file for that product.

All ]jlow characteristics pertinent to the design that are calculated by computational fluid dynamjcs shall be

valiglated through testing, the use of appropriate equations, flow analysis modelling or othef means in
accprdance with this part of ISO 17078 and recognized industry practices in regard to flow validatigns.

6.3./11 Scaling of design

6.3./11.1 Qualified design families

Forlthe purpose of design scaling, scaling:is allowed to scale only between maximum and minimum port sizes
on 3 specific flow-control device designfamily.

Proglucts may be grouped intosdesign families if they have interchangeable parts and if their conpfigurations,
sizgs and applications are sgfficiently similar to utilize a common methodology for establishing their design
limits.

If r¢quested by userlpurchaser, the supplier/manufacturer shall provide the following documenptation with
prodlucts that have heen verified by association:

— |summary of all records of validated designs and/or products from the family;
— |trend¥analyses or scatter diagrams, as appropriate, to demonstrate that the performance g¢nerated by

the)ydesign methodology and analysis are sufficiently consistent to permit other designs to be yalidated by
association,

— defined limits to the design variables within the validated family, outside of which similar designs cannot
be considered to be validated by association and are, therefore, not part of the validated family.

6.3.11.2 New design variations

New designs may be added to existing design families if their configurations, materials and applications are
documented and approved by the supplier/manufacturer's assigned approval agent, as sufficiently similar to
utilize the common methodology for establishing the design performance for products in that family. These
designs are considered to be variations within the scope of the existing product family. If the design family is a
qualified design family, the new designs may be considered qualified by association.
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6.4 Allowable design changes

6.4.1

General

Under certain circumstances, design changes are allowed. Any changes in the design of a flow-control device
shall be made following the procedures listed in 6.4.2 and 6.4.3.

6.4.2 Des

perfor

The of
operati

A chan
subcla
positio

A design
Justification

For flow-co
design co
supplier/ma
and results

6.4.3 Supplemental features validation test

Flow-contrg
product are
validate prg

6.5 Desi

6.5.1 Gen

The supplig
flow-control

!

ign changes

ance envelopes within the design family.

erational parameters for the product(s) experiencing a design change aré€\ consistent with
bnal parameters for the design family.

ge in seat size is not considered a change in flow-control device design for the purposes of
se unless it also changes the calculated stem travel and bellows position from the initial sta
to the mechanical stop by more than 5 %.

hat undergoes a substantive change becomes a new “design requiring design valida
s for design changes identified as non-substantive shallhe'documented.

hirol devices with unique or multiple features that:do not constitute a substantive change of
hfiguration of the product, the new feature(s) are tested in accordance with

shall be documented.

| devices with unique or multiple supplemental features that do not change the design of
to be tested in accordance\with the supplier/manufacturer's documented requirements
per operation of that feature. Acceptance criteria and results shall be documented.

gn verification and-validation requirements

eral

r/manufacturer shall use these design verification and validation procedures to ensure that €
devicetdesign family fulfils the applicable functional requirements that it is intended to meet.

6.5.2 Desjgn/verification

s5ign

the

this
ting

ion.

the
the

nufacturer's documented requirements for design validation of that feature. Acceptance criferia

the
that

ach

Design verification shall be performed on each design family of flow-control device to ensure that the device
meets the supplier/manufacturer's technical specifications. Design verification includes activities such as
design reviews, design calculations and comparison with similar designs and historical records of defined
operating conditions.

18

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=3e93e1eb5371817c071f3a41a136ee28

ISO 17078-2:2007(E)

6.5.3 Design validation

6.5.3.1  Testing

Design validation testing shall be performed on each design family of flow-control devices to ensure that the
device meets the supplier/manufacturer’s technical specifications. Design validation test requirements are
specified in the normative Annexes A to M.

6.5.3.2 Design validation grade table

Th dcciyll vatictation gladc tabte apcuiﬂca the dcoiyll vatication pluucaa(ca), pluucdwc(a) and test(s) that

shall be followed for each design validation grade. See Table A.2.

6.5.4 Optional design validation testing

Some applications can require additional design validation testing. These additional design valigation tests
shall be specified by the user/purchaser in the functional specification.

6.6 Product functional testing requirements

6.6.1 General

Thel| supplier/manufacturer shall use the following test(s) and/or/process(es) to demonstrate tha{ each flow-
confrol device that is produced fully meets the design specifications.

6.6.2 Product functional testing grade table

The| product functional testing grade table specifies’the process(es) or procedure(s) that shall be followed for
each product functional testing grade. See Table A 2.

6.6.0 Optional product functional testing
Some applications can require additional product functional testing. These shall be specified by the

usef/purchaser in the functional specification.

7 |Supplier/manufacturer requirements

7.1] General

The supplier/manufacturer shall meet the following requirements in designing, manufacturing, festing, and
deliyering the*flow-control device product(s) that are covered by this part of ISO 17078.

Clayse’7 contains the detailed requirements to ensure that each product manufactured |meets the
requirements of the funciional specifications in Clause 5 and the technical specifications in Clause 6. As a
minimum, each of the topics discussed in 7.2 to 7.9 shall be addressed.

7.2 Documentation and data control

7.21 General

The supplier/manufacturer shall establish and maintain documented procedures to control all documents and
data that relate to the requirements, including normative annexes of this part of ISO 17078. These documents
and data shall be maintained to demonstrate conformance to specified requirements. All documents and data
shall be legible and shall be sorted and retained in such a way that they are readily retrievable in facilities that
provide a suitable environment to prevent damage or deterioration and to prevent loss. Documents and data
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may be in the form of any type of media, such as hard copy or electronic media. All documents and data shall
be available and auditable by the user/purchaser.

7.2.2 Documentation requirements

The supplier/manufacturer shall have available a completed design file containing all the
supplier/manufacturer's required design validation testing procedures and design validation grade testing
records, with verified acceptance of each. The file shall further contain test results and/or calculations that
validate the design. The design packet shall be properly reviewed and approved by a qualified person other

than the originator.

7.2.3 Dodumentation requirements for specific product design validation testing

There are
product des
annexes to
special doc

7.2.4 Deviices tested prior to date of publication of this part of ISO 17078

The requirg
publication

performed the required tests on these devices to meet the equivalent validation testing requirements, and

these tests
part of ISO
test proced

7.2.5 Desjign documentation

ree sets of requirements for the documentation of product design validation tests,.one for ¢
ign validation grade: V3, V2 and V1. These are identified in Table A.2 and the testirequiren
which Table A.2 refers. In some cases, the requirements in 7.2 are sufficient, In other ca
imentation is required and is specified in the appropriate annexes.

ments for documentation may be met for flow-control device preducts that existed before

have been approved by a qualified person. If the procedures are not the same as defined in
17078, the supplier/manufacturer shall provide written, evidence of the suitability of the prey
ire(s) to ensure that they meet or exceed these requirements.

ach
hent
5es,

the

of this part of ISO 17078 if the supplier/manufacturer can <document that they successfully

that
this
ous

The design|validation test results shall be clearly identified as grade V3, V2 or V1.

The producf functional test results shall be clearlyddentified as grade F3, F2 or F1.

All design Hocuments, data, design validation test results and initial product functional test results in| the

following list shall be maintained for five years after the date of last manufacture:

a) functional and technical specifications;

b) suppligr/manufacturer’s quality manual;

c) required grade of Q€Xquality control) documentation as specified in 5.8;

d) one complete set.of drawings, written specifications and design calculations and standards;

e) nent

[lure

f)  material type, yield strength and connection identification for the actual end connection(s) provided with
the flow-control device (where applicable);

g) welding procedure specification (WPS);

h) weld procedure qualification record (PQR);

i) welder/welding operator performance qualification (WPQ).
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The supplier/manufacturer shall have available a complete test file containing all the supplier/manufacturer’s
required product functional testing procedures and product functional test grade testing records, with verified
acceptance of each. The file shall further contain test results and/or calculations that confirm the performance
of the product(s) that have been tested.

7.2.

6.2 Documentation requirements for specific product functional testing

The)
fung
whi

7.2,

Ap
use

NOT
part

The

h Table A.2 refers.

7 User/purchaser documentation

foduct data sheet for each line item on each order shall be supplied upon-delivery of the
[/purchaser, as required in the quality control grade.

E The intent of this is to require a separate product data sheet for eachrunique product or set of pr
of a specific design family.

product sheet shall contain at least the following, as applicable:

name and address of supplier/manufacturer;
supplier/manufacturer assembly number;
supplier/manufacturer product name;
product type;

operational parameters as specified,in 5.4;
metallic materials;

non-metallic materials;

overall length;

temperature range for rated pressure;

rated pressure;

top connection(s);

re are three sets of requirements for documentation of product functional tests, one fof. eelach product
tional testing grade: F3, F2 and F1. These are identified in Table A.2 and the test requirémenf annexes to

brder to the

bducts that is

conveyance method;

m)
n)
0)
P)
a)
r)

maximum conveyance OD, inclusive of running equipment, as applicable;
retrieval method;

quality control grade;

design validation grade;

product functional testing grade;

technical/operations manual reference number.
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7.2.8 Technical/operations manual

A technical/operations manual shall be available for products supplied in accordance with this part of
ISO 17078 and shall contain at least the following information:

a)
b)

NOTE

manual reference number and revision level;

product data sheet;

publication of this part of ISO 17078.

An example product data sheet will be shown in ISO 17078-4, which is under development as of the date of

c) operati
d) pre-ins
e) storage
f)

g) special
h) list of 3

7.3 Product identification requirements

7.3.1 Gen

The suppli
requiremen

7.3.2 Pro

Each prodd
devices, w
Supplier/mg
information

a) supplie

b) date (month and year) of manufacture;

c) supplie

represgntative drawing showing major dimensions (ODs, IDs, and lengths);

bnal procedures;
allation inspection procedures;

recommendations;

precautions and handling;

Il devices with which compatibility is claimed for the flow-control dévice.

eral

br/manufacturer shall clearly identify and .mark each flow-control device according to
s of 7.3.

Huct identification
ct furnished to this part of 1SO.17078 shall be permanently identified using low-stress mar
hich include interrupted-dot..or rounded cold die-stamp, vibratory method or laser etch
nufacturer specifications _shall define the method(s) and location of the markings. The follo
as a minimum, shall be marked on each flow-control device:

r/manufacturer's namie or mark;

r/manufacturer's part number and unique traceable serial number.

7.4 Qua1ity control requirements

the

king
ing.
ving

7.41

General

This part of ISO 17078 provides for two quality control grades. Requirements for each of these grades are

specified in

7.4.6.

7.4.2 Quality control personnel qualifications

All personnel performing quality control activities directly affecting material and product quality shall be
qualified in accordance with the supplier/manufacturer's documented requirements.
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7.4.3 Manufacturing non-conformance

The supplier/manufacturer shall establish and maintain documented procedures to ensure that an assembly or
component that does not conform to specified requirements is prevented from unintended use or installation.
This control shall provide for identification, documentation, evaluation, segregation (when applicable) and
disposition of non-conforming assemblies or components.

The responsibility for review and authority for the disposition of non-conforming assemblies or components

sha

Il be defined by the supplier/manufacturer. Non-conforming assemblies or components may be

reworked to meet the specified requirements,

— |accepted, with or without repair, by concession of the supplier/manufacturer's authorized.pérspnnel, if the
assembly or component does not violate design validation requirements, or

— |rejected or scrapped.

Repaired and/or reworked assemblies or components shall be inspected in accordance with the |appropriate

quality control grade.

7.44 Component dimensional examination

Components and assemblies shall be dimensionally inspected to€hsure proper function and compliance with

des|gn criteria and technical specifications. The frequency of«these examinations shall be pgrformed as

detgiled in the supplier/manufacturer’s written requirements.

7.4.6 Traceability

The| supplier/manufacturer is responsible for traceability, documentation and the product condition at time of
shigment to the user/purchaser.

All gomponents, weldments, subassemblies-and assemblies of equipment supplied in accordante with this
part of ISO 17078 shall be traceable te'ayjob lot, for which components and weldments shall also|identify the
heal(s) or batch lot(s) included. All cemponents and weldments in a multi-heat or batch job Jot shall be
rejected if any heat or batch does ‘hot comply with specified requirements. Individual component igdentification
shal|l be maintained to facilitate(traceability until the supplier/manufacturer’s final inspection is completed.

7.4 Quality control grade selection

7461 General

Thig part of JS@ 17078 provides two grades of quality control for flow-control devices. The user/purchaser
shall specify;.in the functional specification, the grade of quality control and/or additional requirements when
des|red, The documentation of quality control shall be presented to the user/purchaser on request.
7.4.6:2—Grade- Q2—Basic gradeof flow=controtdevicequatity controt

The documentation shall include a certificate of conformance for the flow-control devices in the flow-control
device job lot, at the request of the user/purchaser.

7.4.6.3 Grade Q1 — Highest level of flow-control device quality control

The documentation shall include a certificate of conformance for the flow-control devices in the flow-control
device job lot. It shall also contain mill certification for all components, except common hardware items, as
specified in this subclause. In addition, it shall contain the results of all product functional tests run on this
flow-control device job lot.
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The following are examples of common hardware items that may be excluded:

copper

roll pins;

gaskets;

shap rings;
coating materials;

valve cores.

Products sh

all be supplied to quality control grade Q2 unless the user/purchaser specifies grade Q1.

The user/pdrchaser may also specify an additional quality/certification system to apply to equipmeént supq

to this part

bf ISO 17078.

Each quality control grade requires appropriate documentation. This documentation shall\be maintaineg

manufactur

ng or quality control files. It shall be presented to the user/purchaser if requested.

7.4.7 Medsuring/testing equipment

7471 (

Measuring
acceptance

7472 (

7.4.7.21
Measuring

inspected,
ANSI/NCSL

7.4.7.2.2

Pressure-m

be rea
measu

a)

seneral

and testing equipment shall meet or exceed the measurement accuracy required by
criteria for that evaluation or test.

Lalibration

General
hnd testing equipment used for acceptance (including annex acceptance criteria) shall be ident

calibrated and adjusted at specificintervals in accordance with documented specificati
Z540-1 and this part of ISO 17078,

Pressure-measuring devices
easuring devices shall

dable to at least~+'0,5 % of full-scale range, or better, as required to perform the spec
rement;

b) be cali

rated toMmaintain + 2 % accuracy of full-scale range, or better, as required to perform the spec

measufement:

Pressure-measuring devices shall be used only within the calibrated range.

lied

d in

—

he

fied,
bns,

fied

fied

Pressure-measuring devices shall be calibrated with a master pressure-measuring device or a dead weight
tester. Calibration intervals for pressure-measuring devices shall be a maximum of three months until a
documented calibration history can be established. Calibration intervals shall then be established based on
repeatability, degree of usage and documented calibration history.
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7.4.8 Elastomeric materials and seal design

7.4.81 Inspection requirements for packing, O-rings and seal materials

7.48.1.1 General

All flow-control device packing, O-rings and seal materials shall be inspected according to the requirements of

7.4.

7.4.8.1.2 Elastomeric materials

Each elastomeric component shall comply with the supplier/manufacturer's written(C spgcifications.

Supplier/manufacturers providing equipment to this specification shall be responsible for the fallowing.

a) |Tolerances
The tolerances of O-rings shall be in compliance with SAE AS 568A. Other.packing elements shall meet
the dimensional tolerances of the supplier/manufacturer's written specifications. Sampling prdcedures for
inspection and the basis for acceptance or rejection of a batch lot)shall be in accordance with
MIL-STD-1916, General Inspection Level ll, at a 2.5 AQL for O-rings.and at a 1.5 AQL for other packing
elements.

b) |Hardness
The durometer hardness of O-rings shall be measured injaccordance with ASTM D2240 or ASTM D1415.
The preferred method is to conduct the hardness test onta test specimen from each batch angl cure cycle
rather than test individual seals. In the event that su¢h tests are conducted on individual seals, sampling
procedures for inspection and the basis for acceptance or rejection of a batch lot shall be in jaccordance
with those cited in 7.4 for O-rings or other packing elements.

c) |Visual inspection
O-rings shall be visually inspected_in"accordance with MIL-STD-413C. Other packing elemepts shall be
visually inspected according to the manufacturer's written inspection procedures. The inspection shall
include such items as lip damage, flashing, breaks, cracks or other visible damage.

d) [Handling and storage
Materials used for sealing devices such as O-rings or other packing elements require specjal handling
and storage procedures. The supplier/manufacturer shall have written specifications that include handling
and storage requirements, including the shelf life appropriate for each specific material compopnd.

7.4B.1.3 Other materials

Nor-metals other than elastomers shall comply with the supplier/manufacturer's written specificatigns.

7.4.8-4-4—TFraceability

Traceability requirements shall be documented by the supplier/manufacturer and shall be sufficient to ensure
that all piece parts are manufactured from materials that satisfy the supplier/manufacturer's written
specifications. Traceability of piece parts is required until the parts are used in subassemblies or assemblies.
The traceability of subassemblies or assemblies is not required for the purposes of this subclause.
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7.4.8.2 Sealing device design validation testing

7.4.8.21

General

The supplier/manufacturer shall perform and document design validation testing for each size, design and
material of sealing device used in each flow-control device. Once a sealing device has successfully passed
design validation testing, it is qualified for use on multiple products of similar dimensional requirements within
the temperature and pressure differentials tested. All sealing devices shall be tested by pressurization in the
direction(s) of the seal's intended use and design requirements. Sealing devices that qualified to ISO 10432 or
ANSI/API Spec 14A, prior to the publication of this part of ISO 17078, may be considered as meeting the

design validation test requirements of this part of ISO 17078, providing that the documentation of these t

sts

confirms co

7.4.8.2.2

The apparafus shall meet the following requirements.

a) The te
configu
b) When
manne
c) Testing
d) The se
descrig
7.4.8.2.3
The test sh
a) Install
that all
b) Adjust
temper
maxim
15 min
test. If
written
c) Repea
d) Releas
e) Repea

hformance to test requirements of this part of ISO 17078.

Required characteristics for the apparatus

sted sealing device and the gland, mandrel and sealing bore surfaces shall be of the iden
ration, dimension and tolerances as used for the production products.

b test fixture is used, it shall be designed to apply the pressurestemperatures and loads
I comparable to that of the production products.

components/fluids shall be designed to perform the test procedure within the required parame

aling device design, materials, test results and all test\pressures, test temperatures and
tions shall be documented.

Test procedure

il be carried out as outlined below.

he sealing device in the test apparatus following the supplier/manufacturer’s procedures. V
equipment and fluids can safely meetthe required pressures, temperatures and accuracy.

and stabilize the assembled test apparatus to within +100 % of the sealing device’s maximum r
ature. Adjust and stabilize( the differential pressure on the sealing device to (25 £ 2) % of

The pressure and temperature measurement shall remain within the tolerances for a succes
there are concerns, with low-temperature service, this shall be addressed with a special sep3
test procedure.

step (b) at (100 + 2) % of the maximum rated pressure with all other parameters unchanged.
e the pressure.

step(b) at the maximum rated temperature +100 % with all other parameters unchanged.

tical

in a

ters.

fluid

erify

hted
the

Um rated pressure. Hold @and continuously record the temperature and pressure for a minimum of

sful
rate

f) Repeat step (e) at (100 * 2) % of the maximum rated pressure.

g) Releas

7.4.8.24

e the pressure.

Acceptance criteria

Acceptance criteria are listed below.

a) The sealing device shall successfully meet the test requirements and remain within the required limits.

b) A visual inspection of the sealing device following this testing shall confirm that it meets the
supplier/manufacturer’s written acceptance criteria.
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7.4.9 Material certifications

7.4.9.1 Test certificates

A supplier/manufacturer's mill test certificate of the original heat of the material or a supplier/manufacturer's
certification of test results are acceptable if the certifications include test results for mechanical properties and
chemical composition for that heat of material. If the material is altered by subsequent processes that change
its properties, then acceptance is based on either hardness or mechanical properties as specified in
ASTM A370 from the heat of the material in question. These tests are completed using the heat treat cycle for
which the material is being qualified. If the initial test specimen fails, two new, additional tests shall be
successfully performed to qualify the material. The material shall be rejected if the results of ejther of two
addjtional tests do not meet specified requirements. If hardness is used for final acceptaficg, then the
supplier/manufacturer shall document the hardness-strength correlations.

Acceptance of all materials shall be indicated either on the materials or in the records traceable to the
matgrials.

Raw material used in the manufacture of components shall meet the following requirements:

a) |certificate of conformance stating that the raw material meets the sdpplier/manufacturer's documented
specifications;

b) |material test report showing that the supplier/manufacturer cah verify that the raw materia] meets the
supplier/manufacturer’'s documented specifications.

7.4P.2 Mechanical properties
Material mechanical properties shall be as follows.

a) |Mechanical property test procedures and practices for metallic materials shall be in accofdance with
ASTM A370 for the metallic materials used for traceable components.

b) |Mechanical property test procedures’ for elastomeric and non-metallic compound types [shall be in
accordance with 7.4 of this part of 1SO 17078.

7.4.p.3 Inspection requirements

Insgection requirements_for) packing, O-ring and seal materials shall be conducted as detaileq in 7.4, as
applicable.

7.5| Heat-treating-equipment qualification
Hedgt-treating-equipment shall meet the following qualifications.

a) |Heat treating of production parts shall be performed with heat-treating equipment that has been calibrated
and Qllr\/pypd

b) Each furnace shall be surveyed within one year prior to heat-treating operations. When a furnace is
repaired or rebuilt, a new survey shall be required before heat treating.

c) Batch-type and continuous-type heat-treating furnaces shall be calibrated in accordance with one of the
following procedures:

1) procedures specified in SAE AMS-H-6875;
2) procedures specified in BS 2M 54;

3) supplier/manufacturer's written specifications, including acceptance criteria that are not less stringent
than the procedures identified above.
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7.6 Welding requirements

7.6.1 General

The supplier/manufacturer's welding control system shall include requirements for monitoring, updating and
controlling the qualifications of welders/welding operators and the use of welding procedure specifications.
Instruments utilized to verify temperature, voltage and amperage shall be serviced and calibrated in
accordance with the flow-control device supplier/manufacturer’s written procedures.

All welding procedures, welders and welding operators shall be qualified in accordance with ASME Boiler and

Pressure V

ssel Code Section 1X_ Base metals that are not classified under the ASME P_-number grou

ing

shall be qu

blified as unassigned metals in accordance with QW-424.1 in ASME Boiler and Pressure \le

ssel

Code Sectipn IX.

7.6.2 Welding consumables

Welding cpnsumables shall conform to AWS or supplier/manufacturer's writtenAspecifications. [The
supplier/mgnufacturer shall have a written procedure for selection, storage and\ control of welding
consumables. Materials of low-hydrogen type shall be stored and used as recomménded by the consumable
manufacturgr to retain their original low-hydrogen properties.

7.6.3 Welding procedures/qualification records

Welding sHall be performed in accordance with welding procedure. specifications written and qualified in
accordanceg with Article Il of ASME Boiler and Pressure Vessel Cadé,ySection IX. The WPS shall describg all
the essentigl and nonessential variables as defined in ASME Bpgiler and Pressure Vessel Code Section 1X.
The procedpre qualification record shall record all essential variables as defined in ASME Boiler and Pressure
Vessel Code Section IX of the weld procedure used for the qualification test(s).

The test weldment for hardness testing shall have the~same type of post-weld heat treatment as the final
product. For flow-control device environmental service class E3, hardness tests across the weld, base
material anfd heat-affected zone (HAZ) cross-section shall be performed in accordance with ASTM E18 [and
recorded ag part of the PQR. Maximum hardness-values for environmental grade E3 service shall not exdeed
the requirements of ISO 15156 (all parts).

NOTE For the purposes of this provisiony NACE MR0175 is equivalent to ISO 15156 (all parts).

7.6.4 Welder/welding operator.performance qualification

Welders and welding operators shall be qualified in accordance with Article Ill of ASME Boiler and Pressure
Vessel Code Section IX..Reeords of WPQ test shall include all welding parameters as detailed in ASME Bpiler
and Pressufe Vessel Code Section IX.

7.7 Non{destructive examination requirements

Non-destruGti arrirations—{ND e-hetrequired part-of-this-part-efHSO47078—exeep rdieated in

this subcla

use.

If NDE examinations are conducted for supplier/manufacturer’s internal procedures or

because of user/purchaser written requests, the NDE procedures defined in ISO 17078-1 shall be followed.

Where NDE is used on flow-control devices, the supplier/manufacturer shall prepare written specifications for
allowable relevant indications.

7.8 Storage and shipping preparation

7.8.1.1

General

The supplier/manufacturer shall comply with the requirements specified in 7.8.1.2 to 7.8.1.5 for storage and
shipping of flow-control device products.
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7.8.1.2 Draining, cleaning and/or drying

The processes for draining, cleaning and/or drying of flow-control device products after they have been tested

shall be specified in the supplier/manufacturer's written procedures. The minimum standard shall
products be free of any foreign liquids and/or matter.

7.8.1.3 Threaded connections and packing

be that the

All threaded connections and packing shall be protected as specified in the supplier/manufacturer's written

procedures.

7.8.1.4 Permanent marking prior to coating

Prigr to coating, all permanent marking that is required by this part of ISO 17078 shall be corn
marking may affect the operation of any component of a flow-control device. All markings’shall b
locgted according to supplier/manufacturer’s written procedures. No coating is allowéd-on or in ac
or gn the sealing surface other than coating, plating or other surface treatments_that are sped
supplier/manufacturer for these surfaces.

7.8.1.5 Shipping of pressurized flow-control devices

Shi

ping of pressurized flow-control devices shall conform with applicable transportation regulation

7.9| Allowable changes after manufacturing

Any reconfiguration of, or change to, a previously validatéd and tested product, over and above 5
adjystments, shall require full design validation and *product functional testing to qualify it to
ISO[17078.

7.19 Reconditioning of flow-control devices

Redonditioning of used flow-control device-products is outside of the scope of this part of ISO 1707
this|process is used in industry. See ISO 17078-4, which is under preparation as of the date of p
this|part of ISO 17078, for a discussion of this topic.

hpleted. No
b made and
tive threads
ified by the

»

ettings and
this part of

8. However,
iblication of
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Annex A
(normative)

Design validation and product functional testing requirements

A.1 General

Table A.1 i an index of the annexes and their purpose.

Table A.1 — Purpose of normative and informative annexes

Annex Annex title Purpose of annex@

Dgsign validation and product functional | List purpose of each annex

A tegting requirements List all required design validation @anad” product functional [test

requirements

B Enyvironmental service classes Tests required for four environmental service grades: E4, E3,[ E2
and E1

C Dgsign validation grades Tests required for three design validation grades: V3, V2 and V1

D Product functional testing grades Tests required for three product functional testing grades: F3,| F2
and F1

Interface testing requirements Design validation» testing of all interfaces between flow-control

E . . )
devices and other related devices such as side-pocket mandrels

F Ingertion testing requirements Design validation testing of insertion and retrieval of flow-control

devices into and from side-pocket mandrels

Probe and travel testing and load rate Design validation testing of maximum travel and load rate

G o
defermination Product functional testing of maximum travel and load rate

Dynamic flow testing and flow coefficient, | Design validation testing of flow and flow coefficient, C,

H .
C,| calculation Product functional testing of flow and flow coefficient, C,

Back-check testing Design validation testing of back-check devices
Product functional testing of back-check devices

J Ogening and closing pressure testing Design validation testing of opening and closing
Product functional testing of opening and closing

Bellows actuationlife cycle testing Design validation testing of bellows life cycles

L Erpsion testing’ requirements Design validation testing of effects of erosion
Shelf (bellows integrity) testing Design validation shelf (bellows integrity) testing

M requirements for nitrogen-pressure-
charged-flow-corntrotdevices

Conducting port/seat leakage rate testing | Design validation testing of port/seat leakage rates

Product functional shelf (bellows integrity) testing

N
Product functional testing of port/seat leakage rates
Performance testing — Recommended practices for facilities for performance testing of
0] Recommendations for a flow-control flow-control devices

device performance test facility

Performance testing — Prediction Tests to develop performance correlations
P correlations using a simplified flow-

. Recommended practices for performance testing of flow-control
control device performance model

devices

@  The purpose of the normative Annexes A to M is to define design validation and product functional test requirements for flow-
control devices.
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A.2 Design validation and product functional testing requirements

The following table summarizes the design validation and product functional testing requirements that shall be
performed for each flow-control device group and type (see 6.1.2 and Table 1 for a definition of each flow-
control device and type). There are several categories of tests, for example interface testing, insertion testing,
probe or travel testing, etc. However, the open and close test is only pertinent for design validation testing and
the separate open and close tests are only pertinent for product functional testing.

The specific requirements for each category of test are defined in one of the normative Annexes E through M.
For each group and type of flow-control device there are three design validation grades (V3, V2 and V1) and

thre

e product functional test grades (F3, F2 and F1). There can be a separate test required for ea

ch grade or

asi

If a
flow

In T
flow
for
fung

As
Ann
spe
The
1.3.2

Ops

required for production functional testing. Therefore,.these tests are listed separately in Table A.2.

ngle test can be used for more than one grade.

cell in the following table contains a dash, no test is required. If a specific test is not fisted fq
-control device group and type, it is not required.

able A.2, the specific test for each grade is identified. For example, the interface‘\testing requ
-control device type IPO are defined in Annex E. The design validation test specified in E.2.1
grades V3 and V2. The design validation test specified in E.2.2 is required for grade V1.
tional tests are required for interface testing for this flow-control devicectype.

hnother example, the back-check testing requirements for flow-control device type IPO arg
ex |. The design validation test specified in 1.2.1 is required-for grade V3. The design va
cified in 1.2.2 is required for grade V2. The design validationdest/specified in 1.2.3 is required fa
product functional test specified in 1.3.1 is required for grade F3. The product functional test
is required for grade F2. The product functional test speeified in 1.3.3 is required for grade F1.

n and close testing are conducted together for design validation. Separate open and clos

r a specific

rements for
is required
No product

defined in
idation test
r grade V1.
specified in

e tests are
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Table A.2 — Testing requirements

Design validation and product functional test requirements
for each flow-control device grade
F'°W'°°“t"‘:: :Ievice Design validation test| % o o o Qe
T - T -~
group and type ?nd/c:_r prc:c:uctt £ g g P %9 g g P %9
(See 6.1.2) unctional tes < g ° g g ® ;'g,ﬂ o ° o g ® E'&E
i 50 T o ' 50 T O
© - © -
o £ o £
Interface E E.2.1 E.2.1 E.2.2 - - -
Insertion F F.2 F.2 F.2 - - -
Probe or travel G G.2 G.2 G.2 - G.4.2 G4
Load rate G G.3 G.3 G.3 - G.5.2 G5B
Flow H - H.2.2 H.2.3 - - H.3.4
IPO Back-check | 1.2.1 1.2.2 1.2.3 1.3 1.3.2 1.3.
| |Balanped IPO Open and close J J1.2 J.1.2 J.1.2 : - -
IPO W/ choke Open J - - - J.2 J.2 J.2
Close J - - - - J.3.2 J.3.8
Actuation life cycle K - - K.2.2 - - -
Erosion L - L.22 L.2.2 - - -
Shelf M M.2.1 M2.1 M.2.1 M.3.2 M.3.2 M.3p
Port/seat leakage rate | N N.2.1 N.2.1 N.2.1 N.3.1 N.3.1 N.3.[1
Interface E E2.1 E.21 E.2.2 - - -
Insertion F F.2 F.2 F.2 - - -
Probe or travel G G.2 G.2 G.2 - G4.2 G4B
Load rate G G.3 G.3 G.3 - G.5.2 G.5B
Flow H - H.2.2 H.2.3 - - H.3.¢
Back-check | 1.2.1 1.2.2 1.2.3 1.3.1 1.3.2 1.3.
PPO
Il Open-and”close J J.1.2 J1.2 J.1.2 - - -
PPO /choke
Open J - - - J.2 J.2 J.2
Close J - - - - J.3.2 J.3.8
Actuation life cycle K - - K.2.2 - - -
Erosion L - L.2.2 L.2.2 - - -
ollell L\ IVI.Z. 1 IVI.Z. 1 IVI.Z. 1 IVI.S.Z IVI.O.Z IVI.O.
Port/seat leakage rate | N N.2.1 N.2.1 N.2.1 N.3.1 N.3.1 N.3.1
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Flow-control device

Design validation and product functional test requirements

for each flow-control device grade

oy and e+ P idationtest 5| g |z || e g |
(See 6.1.2) functional test 5. @ ) g 2 § - ﬁ § °n® | o § - ﬁ §
2 E5|”25| “2 |“E5]| “25
@ = @ E
trterface E——E24 24 E22 -
Insertion F F.2 F.2 F.2 - < -
Flow H - H.2.2 H.2.3 - - H.3.4
Back-check I 1.2.1 l.2.2 1.2.3 1.3.1 1.3.2 1.3.3
Pilot Open and close J J.1.2 J.1.2 J.1.2 3 - -
1] Differential Open J - - - J.2 J.2 J.2
Close i - - - - J.3.2 J.3.3
Actuation life cycle K - - K.2.2 - - -
Erosion L - L22 L.2.2 - - -
Shelf M| M21 M:2.1 M.2.1 M.3.2 M.3.2 M.3.2
Port/seat leakage rate | N N.2.1 N.2.1 N.2.1 N.3.1 N.3.1 N.3.1
Interface E E.2(1 E.21 E.2.2 - - -
Insertion F F.2 F.2 F.2 - - -
Orifice Flow H - H.2.2 H.2.3 - - H.3.4
v Nozzle venturi Back-check | 1.2.1 1.2.2 1.2.3 1.3.1 1.3.2 1.3.3
Shear orifice Open and close J | J1.2 J.1.2 J.1.2 - - -
Dump/kill Erosion L - L.2.2 L.2.2 - - -
Shelf M| M21 M.2.1 M.2.1 - - -
Port/seat leakage rate | N - - - N.3.1 N.3.1 N.3.1
V| | Dummy Interface E E.2.1 E.2.1 E.2.2 - - -
Interface E E.2.1 E.2.1 E.2.2 - - -
Insertion F F.2 F.2 F.2 - - -
Probe or travel G - - - - G.4.2 G.4.3
Load rate G - - - - G.5.2 G.5.3
Elow H - H22 H23 - - -
Chemical injection | Back-check L] 1241 1.2.2 1.2.3 1.3.1 1.3.2 1.3.3
vI [Chemical Open and close J| J12 | J12 J1.2 - - -
injection, spring-
loaded Open J - - - J.2 J.2 J.2
Close J - - - - J.3.2 J.3.3
Actuation life cycle K - - K.2.2 -
Erosion L - L.2.2 L.2.2 -
Shelf M| M21 M.2.1 M.2.1 M.3.2 M.3.2 M.3.2
Port/seat leakage rate | N N.2.1 N.2.1 N.2.1 N.3.1 N.3.1 N.3.1
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Table A.2 (continued)

Flow-control device

Design validation test

Design validation and product functional test requirements
for each flow-control device grade

dt s 3 o 3 &
group and type ?nd/c:_r prc:c:uctt £ g % P *g P g % P *g P
(See 6.1.2) unctional tes < g ° g g ® ; '5, ® o ° o g ® = '5, S
i 50 T o i 50 T O
© - © -
o £ o £
lrterface E 24 =2 E22
Insertion F F.2 F.2 F.2 - - -
Flo H H.2.1 H.2.2 H.2.3 - H.3.3 H.3.¢
Surfage-controlled W
hydraplic Back-check | 1.2.1 1.2.2 1.2.3 1.3.1 1.8:2 1.3.
VIl | Surfage-controlled | Open and close J J1.2 J.1.2 J.1.2 - - -
electric
Open J - - - J.2 J.2 J.2
“Smait”
Close J - - - J31 J.3.2 J.3.8
Erosion L - L.2.2 L.2.2 - - -
Port/seat leakage rate | N N.2.1 N.2.1 N-2.1 N.3.1 N.3.1 N.3.[l
Interface E E.2.1 E.2.1 E.2.2 - - -
Insertion F F.2 F.2 F.2 - - -
Load rate G - = - - G.5.2 G.503
Flow H - H.2.2 H.2.3 - - -
Back-check | 1.2 1.2.2 1.2.3 1.3.1 1.3.2 1.3.
VIl [ Liquid injection Open and close J Ji1.2 J.1.2 J.1.2 - - -
Open dJ - - - J.2 J.2 J.2
Close J - - - - J.3.2 J3.3
Actuation life cycle K - - K.2.2 - - -
Erosion L - L.2.2 L.2.2 - - -
Shelf M M.2.1 M.2.1 M.2.1 M.3.2 M.3.2 M.3.R
Other Interface E E.2.1 E.2.1 E.2.2 - - -
Meas]:re pressure ¢{Insertion F F.2 F.2 F.2 - - -
Measiire
tempgrature
IX Monitprscorrosion

Connect to other
devices

Provide control
logic

34
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Annex B
(normative)

Environmental service classes

B.1 General

Thig annex provides detailed requirements for each of the four environmental service classes_for [flow-control
dev|ces that are specified in this part of ISO 17078. The supplier/manufacturer shall establish criteria and
selgct materials to meet the requirements of the environmental service classes as listed in Table B.1, or
matgrials agreed by the user/purchaser shall be used.

Table B.1 — Environmental service (E) classes

Environmental service (E) classes

Grades Characteristics

Clags E4 — Standard service (see Clause B.2) Environments not‘subject to stress cracking or CO, [corrosion

Claps E3 — Stress-cracking service (see Clause B.3) | Stress-crackifi|g environments @

Claps E2 — CO, service (see Clause B.4) CO, cortosion environments

Clags E1 — Unique service (see Clause B.5) Unigue-service requirements defined by the user/pyrchaser that
are not covered by Classes E4, E3, or E2

@ | As specified in ISO 15156 (all parts).

B.4 Class E4 — Standard service

Thig is the service in fluids that have an H,S partial pressure less than those listed for sulfide strgss cracking
in ISO 15156 (all parts) and no\"CO, content. The standard materials used for this servige shall be
303|stainless steel, 304 stainless)steel, 316 stainless steel and 17/4 PH stainless steel. Carbon and low-alloy
stedls and 200 series stainless’steels shall not be used. Other materials may be acceptable for this service if
proposed by the supplier/manufacturer and approved by the user/purchaser.

NOTE For the purptsed of this provision, NACE MR0175 is equivalent to ISO 15156.

B.3 Class.E3 — Stress-cracking service

Thig js_the service in fluids that have an H,S partial pressure greater than those listed for sylfide stress
cracgking in 1ISO 15156 (all parts) and no (‘ﬂ content Materials used for this service shall be compatible with
ISO 15156 (all parts). Carbon and low-alloy steels and 304 stainless steel shall not be used. Other materials
may be acceptable for this service if proposed by the supplier/manufacturer and approved by the
user/purchaser. Welding processes used for this service shall meet ISO 15156 (all parts) requirements.

Within this service class, there are two sub-classes: E3S for sulfide stress-cracking service and
stress-corrosion-cracking service where chlorides are present in a sour environment and E3C for
stress-corrosion-cracking service in a non-sour environment. Metallic materials suitable for a E3S environment
shall be in accordance with ISO 15156 (all parts). Metallic materials suitable for class E3C non-sour service
are dependent on specific well conditions; no national standard or International Standard exists for the
application of metallic materials for this class of service.

NOTE For the purposes of this provision, NACE MR0175 is equivalent to ISO 15156 (all parts).
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B.4 Class E2 — CO, service

This class of equipment is intended for use in wells where corrosive agents can be expected to cause CO,
corrosion. Class E2 equipment shall be manufactured from materials that are resistant to CO, corrosion.
Metallic materials suitable for Class E2 service are dependent on specific well conditions; no national standard
or International Standard exists for the application of metallic materials for this class of service.

This service may be in fluids that have an H,S partial pressure less than those listed for sulfide stress

cracking in |

SO 15156 (all parts) but do have CO, present.

NOTE For the purposes of this provision, NACE MR0175 is equivalent to ISO 15156 (all parts).

B.5 Clasp E1 — Unique service (to be defined by user/purchaser)

This class fnay be used by the user/purchaser to specify unique service requirements that/are’ not otheryise
covered in [classes E4, E3, or E2 of this part of ISO 17078. The user/purchaser and supplier/manufacfurer

may define
environmen

and agree on requirements for environments that contain both H,S and
ts. As a minimum, the requirements of Class E4 shall be met.

CO» and for other un|que

36
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Annex C
(normative)

Design validation grades

General

CA

FloV
preg

valilation testing shall be performed as specified by the requirements stated ,in“this annex. A

test

Eac
The
retri
bec
test
qu
of t
thes

The)
pres

sha
Tes

sup
in th

CA

SevV
for

repgatability across the product design, type and/or size. The specific products that are test

mar
spe
any
be

a'lified person other than the originator. This review shall verify that, as a minimum, all of the rg

L1 General requirements

v-control devices of each design, type and size shall be validation tested before the product de
ented for sale to user/purchaser as meeting the requirements of this part of41SO 17078.

ng shall conform to the requirements of Clause 7.

h design validation grade requires a number of individual validation_procedure(s), process(g
results of the validation evaluations shall be maintained in a design¢validation file that shall be

bme a component of the permanent record of that product design documentation. The file s
results or calculations that validate the design. The design file shall be reviewed and apg

is part of ISO 17078 have been met. The appropriate désign validation tests (see 6.5) and th
e tests (see Clause C.2) shall be documented as requited.

required procedures for each design validation t&€st shall be documented by the supplier/many

| be accurate to within 0,25 % of the full scale of the pressure measurement system.

ling may be combined to providé results that encompass several of the individual require
blier/manufacturer shall demonstrate and document that the test results meet the requirements
e design-validation-test annexes.

L2 Products selected for design validation testing

eral of the specified flow-control device design validation tests require more than one flow-co|
bvaluation, as.detailed in the specific annexes described in Annex A. This is to ensure cons

ufactured~within the nominal manufacturing system and processes; it is not permitted to se
Cimenssfor‘testing. During each series of tests, the individual devices shall not be repaired or
way. If(a) specific component(s) of a flow-control device fails a specific test, the cause of the
hmalysed and documented. The cause of the failure shall be corrected and the test repeats

5ign may be
his design
| validation

) or test(s).
legible and

evable. All products tested shall be fully detailed and the procedures and detailed testing fesults shall

hall contain
roved by a
bquirements
b records of

facturer. All

sure, temperature and load test results shalk'be recorded on a continuous, time-based dafa collection
system and shall be maintained in the validation test file for that specific product. Pressure me

asurements

ments. The
as outlined

ntrol device
istency and
ed shall be
lect special
serviced in
failure shall
bd from the

beg

CA

LLLALIRI® B

.3 Design validation grades

This part of 1ISO 17078 provides multiple grades of design validation evaluations. These grades are
designated as V3, V2 and V1. As the numerical rating decreases, the extent and/or depth of the requirements
increases. These grades are specified by the user/purchaser when the product is ordered.

C.2 Design validation test requirements

Design validation test requirements for flow-control devices are identified in Table A.2.
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Annex D
(normative)

Product functional testing grades

D.1 General

D.1.1 Functional testing

This annex|describes the product functional testing requirements for flow-control devices. All functional tes
shall conform to the requirements of Clauses 6 and 7.

D.1.2 General requirements

The user/pyrchaser shall specify the grade of product functional tests to be conducted on the flow-co
device(s). The specific requirements for each product functional test grade aré.defined in this annex. B
product fungtional test grade requires a number of individual functional test{rocedure(s), process(s) or te
to demonstfate conformance with the requirements in this part of ISO 17078, "The procedures and results 5

be maintain

Product functional tests, pertinent test pressures, temperatures, flow rates, etc. shall be recorded d

continuous,
the full scal

Other types
supplier/ma
in the produ

D.1.3 Pro

Several floy
job lot be e
the specifi
supplier/m3

D.1.4 Pro

If any devid
selected frg
tested and

ed in manufacturing or quality control files and shall be traceable to the individual product(s).
time-based data collection system. Pressure measurements shall be accurate to within 0,25
b of the pressure measurement device.

of functional test procedures can produce a-¢ombination of results with a single test process.

nufacturer shall demonstrate and documenbthat the test results meet the requirements as outl
ct functional test annexes.

duct selection for functional testing
v-control device functional tests require that a sample of one or more flow-control device(s) frg

job lot. It is not_permitted to manufacture or select special specimens for testing.
nufacturer shall have_a written procedure defining the random selection process.

cedure if a device fails a test

e fails.a‘test, it may be repaired and re-tested. Additionally, two more devices shall be randg
m the job lot and tested. If the test criteria are not fully met by both units, the entire job lot sha
pass all the test requirements. Only devices that meet the test requirements shall be accepted

ting

htrol
ach
51(s)
hall

The
ned

ma

valuated to ensure consisténcy across the job lot. The products shall be randomly selected from

The

mly
| be
and

provided u

der‘this pnrf of ISO 17078

D.1.5 Product functional test grades

This part of ISO 17078 provides multiple grades of product functional testing evaluations. These grades are
designated as F3, F2 and F1. As the numerical rating decreases, the extent and/or depth of the requirements
increase. These grades shall be specified by the user/purchaser when the product is ordered.

D.2 Product functional test requirements

Product fun

38

ctional test requirements for flow-control devices are identified in Table A.2.
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Annex E
(normative)

Interface testing requirements

General

The
Inte
suc
it is
ope
sup

E.2

The)

E.2

E.2

Des

claimed shall be used for the tolerance accumulation studies for grades V3 and V2.

Ons
conm
ofd

Itis
of B

E.2

The]
beld

interface (compatibility) testing requirements for each design validation grade are presentéd, in
[face testing is conducted to demonstrate that a specific flow-control device is compatible
cessfully fits within the side-pocket mandrel(s), running/pulling tools, kick-over tools and.latcheg
intended to be used. This statement of compatibility shall be presented in thecsupplier/ma
rating manual or data sheet for this device. Successful completion of \this testing

Requirements for design validation

design validation testing requirements for grades V3, V2 and V4 ‘are defined in this clause.
1 Requirements for design validation, grades V3:and V2

1.1  Number of test specimens
ign information for the subject flow-control device and measurements for devices where cor

set of devices for which compatibility” is claimed shall be used for the physical test. T
bination of devices is too large toattempt to achieve statistical significance. Successful testin

bvices shall demonstrate compatibility.

permitted, if necessary, to fedress the external packing of the test specimen to complete the re
.2.1.2 step b).

1.2 Test procedure

interface (cempatibility) test requirements for design validation grades V3 and V2 shall be
W.

Conduct the following tolerance accumulation study.

this annex.
with and/or
5 with which
nufacturer’s
permits a

blier/manufacturer to claim and demonstrate compatibility with equipment manufactured by othgrs.

hpatibility is

he possible
j of one set

quirements

as outlined

Use a mandrel pnr‘kpt and a latch to dp\/plnp a scaled dmwing and pprfnrm a tolerance a

ccumulation

b)

study comparing the scaled drawing and the tolerances of the flow-control device.
Testing for the design validation grades V3 and V2 shall be carried out as follows.
1) Attach the flow-control device to an associated latch/running tool/kick-over tool.

2) Insert the flow-control device into the pocket bore of a side-pocket mandrel.

3) Shear the running tool from the flow-control device. The latch-locking ring shall be fully engaged

under/in the mandrel-locking lug/profile.
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4) Connect an associated pulling tool/kick-over tool to the latch and/or running head on the flow-control

device.

5) Retrieve the flow-control device from the pocket bore of the side-pocket mandrel.

6) Repeat this test with each combination of side-pocket mandrel, running tool, pulling tool, kick-over

tool and latch that is claimed to be compatible with the flow-control device.

7) Conduct this test with the smallest side-pocket mandrel of the mandrel type for which compatibility

with the flow-control device is claimed.

E.2.1.3 Akceptance criteria

To pass thg grades V3 and V2 test tolerance accumulation study, demonstrate, in the worst cases of both

the

“go” and th¢ “no-go” positions, that the full lengths of both seal stacks are no closer than 0,16 cm-(1/16 in) to

the edge of|the seal bores of the side-pocket mandrel.
To pass thg design validation test the following criteria shall be met.

a) All test|steps defined above (see E.2.1.2) shall be completed successfully.

b) The flgw-control device, external packing and latch shall not be damaged’in a way that precludes

intendgd operation.

c) Insertign and retrieval forces shall not exceed those recommendéd.by the supplier/manufacturer.

E.2.1.4 Documentation

The followihg additional specific documentation is required. (See 7.2 for design validation document3

requirements.)

a) Identify the supplier/manufacturer, part number and serial number for the side-pocket mandrel po

used fqr the scaled drawing or tolerance accumulation study.
b) Identify the supplier/manufacturer, paft.number and serial number of each test component.
c) Record the jarring forces required for each insertion and retrieval test.

d) Record the visual evidence-of the condition of each test specimen after completion of the test.
E.2.2 Requirements for-design validation, grade V1

E.2.2.1 Number.of test specimens

No new tesf specimen is required for these tests.

heir

tion

cket

E.2.2.2 Test procedure

The interface (compatibility) test requirements for design validation grade V1 shall be as outlined below:

a) meet all test requirements for design validation grades V3 and V2, as defined in E.2.1.2;

b) conduct a tolerance accumulation study with all required tolerances, including the specific design

tolerances of the side-pocket mandrel, the flow-control device and the latch.
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E.2.2.3 Acceptance criteria

To pass the grade V1 test, demonstrate, in the worst cases of both the “go” and the “no-go” positions, that the
full lengths of both seal stacks are no closer than 0,16 cm (1/16 in) to the edge of the seal bores of the side-
pocket mandrel.

E.2.2.4 Documentation

The following specific documentation is required. (See 7.2 for design validation documentation requirements.)
Identify and record the name of the supplier/manufacturer, unique part number for the side-pocket mandrel,
flow-control device and latch used for the folerance accumulation study
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Annex F
(normative)

Insertion testing requirements

F.1 General

The insertiln test requirements for the three design validation grades are indicated below. The test"s
demonstratg that installation of a flow-control device into a side-pocket mandrel shall not significantly cha
the flow-control device’s set pressure or operating characteristics. The insertion test shall be conducted u
the following methods, fixtures, and procedures.

F.2 Requirements for design validation

F.2.1 General

The insertidn test requirements for design validation grades V3, V2 and V{ are defined in F.2.2 to F.2.5.

F.2.2 Number of test specimens

This test shall be conducted on a minimum of seven flow-control devices of each type. This is require]
ensure that|the bellows pressure is maintained and consistentiin the design.

F.2.3 Tesk procedure

In this procg¢dure, only steps e) through i) shall be'followed for the following flow-control devices:
— shear grifice and dump kill devices of class IV;

— class \;
— class I
— class llI;

— class IX.

While the device ishin‘the test fixture, validate that the device performs as required in accordance wit
documentedl design*parameters. The insertion test requirements for design validation grades V3, V2 ang
shall be as follows.

hall
nge
s5ing

d to

h its
V1

a) Set the flow-control device at a minimum of 75 % of its maximum rated pressure, at standard reference

temperature.

b) Allow the flow-control device and test fixture to stabilize to ambient temperature.

c) Record the test rack open pressure, Py, of the flow-control device and the ambient temperature of the

device and its test fixture.
d) Attach the flow-control device to the proper latch.
e) Prepare the test stand as defined by Figure F.1.

f)  Attach the flow-control device and latch to the specific running tool, using the appropriate pin.
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g) Attach the flow-control device, latch and running tool to the mechanical jars as defined by Figure F.1.

h) Using the full jar stroke and free fall of the weight bar, drive the flow-control device into the pocket with a
minimum of five wireline-activated blows. If the latch is not engaged in the “no-go” position, continue
jarring until engaged.

i) Jar upwards to release the running tool from the latch, leaving the latch and the flow-control device in the
test fixture.

i) Measure and record the Py, and the ambient temperature with the flow-control device in the test fixture
pocket.

k) |Record the difference between the original Py, and the Py, after the insertion test. Insertion’testing form 1
(Figure F.2) or insertion testing form 2 (Figure F.3) may be used to record these results.

l) |Evaluate the Py, acceptance criteria. If successful, proceed to step o).

m) |Measure and record P, and the ambient temperature with the flow-controtdevice in the|test fixture
pocket.

n) |Evaluate the P, acceptance criteria.

o) |Remove the flow-control device from the tester.

|
)
2 1
N 1] 3
o
4
F
Key
1 |rope socket
2 |dinpole
3 1,83 m (6 ft) section of 6,03 cm (2 3/8 in) OD tubing for guide for spang jars and weight bar
4 simulated pocket with test connections for checking valve set pressure
5  tool string with

— 1,52 m (5 ft) of 38,1 mm (1 1/2in) OD stem
— 50,8 cm (20 in) stroke of 38,1 mm (1 1/2 in) spang jar
— appropriate running tool

Figure F.1 — Typical vertical valve insertion test stand
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F.2.4 Acceptance criteria

All seven flow-control devices shall satisfy the following criteria.

a)

b)

c)

F.2.

The

requiremen
testing form

Py shall not change by more than 1 % of the original Py, when corrected to the ambient temperature.
For this test to be accepted, Py, shall meet this criterion, or the P, criterion in step b) shall be met.

P, shall not change by more than 2,0 % of the design P, as corrected to the same ambient temperature.

If more than one device of the original seven test devices fails the test, an additional seven devices shall
be selected and the entire test process shall be performed on the new devices. Device failures shall be

documgnted and corrective actions recorded.

5 Dogqumentation

following additional specific documentation is required. (See 7.2 for design validation“-documentgtion

s.) Record the results of the insertion tests on insertion testing form 1 (Figure F.2) or inseftion
2 (Figure F.3), as appropriate.

Insertion testing form 1

Valye
serijal
numper

Initial test data

Final test data
(FCD in fixture)

tro

gauge
kPa

(psig)

Ambient temperature Ambient temperature
°C °C
(°F) (°F)

Air | FCD | Fixture [TRO | Air {\FCD | Fixture

Change | Change in FCD

in Py temperaturg
gauge kPa °c
(psig) (°F)

N

Ol N|OO | O | B ]|W]|IDN

RN
o

44

Figure F.2 — Insertion testing form 1 for P, test results
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Insertion testing form 2

Valve Initial test data Final test data Change | Change in FCD
serial (FCD in fixture) in P, temperature
number ; ; gauge kPa o
P Ambient temperature Py Ambient temperature ; C
gauge . kPa .
kPa (°F) (psi) (°F)
(Psi9) | Air | FCD | Fixture Air | FCD | Fixture
1
2
3
4
5
6
7
8
9
10

Figure F.3 — Insertion testing form 2 for P, . test results
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Annex G
(normative)

Probe and travel testing and load rate determination

G.1 General

This annex| provides requirements for probe and travel testing and load rate determination of flow=co
devices.

G.2 Probe or travel test requirements for design validation

G.2.1 General

The probe ¢r travel test requirements for design validation grades V3, V2 and \/{\are defined in this annex
G.2.2 Number of test specimens

This test shill be conducted on a minimum of seven flow-control devices of each type.

G.2.3 Test procedure

The test prgcedure determines the maximum effective travel distance for each device. See Clause G.8.
G.2.4 Acgeptance criteria

All seven flpw-control devices shall meet the ‘following criteria. The minimum travel distance of each de

htrol

vice

shall be large enough to provide a flow aréa between the stem/seat interface that is greater than the flow area

of the port.

G.2.5 Dod

Documenta
documenta
test data fo

G.3 Load

umentation

tion of the results of the insertion tests is also required. (See 7.2 for design validg
ion requireménts.) Record the maximum effective travel distance of each device using the p
m 1 (see Eigure G.3), or an equivalent.

tion
obe

rate determination requirements for design validation

G.3.1 General

The load requirements for design validation grades V3, V2 and V1 are defined in G.3.2 to G.3.5.

G.3.2 Number of test specimens

This test sh

46

all be conducted on a minimum of seven flow-control devices of each type.
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G.3.3 Test procedure

Determine the load rate of each device. The test procedure shall be as defined in Clause G.8. The test data
shall be analysed using the procedures in Clause G.9.

G.3.4 Acceptance criteria

All seven flow-control devices shall meet the following criteria. The load rate of each sampled flow-control
device shall be within + 10 % of the average of the seven load rates.

G.35 Documentation
Dodumentation of the results of the insertion tests is also required. (See 7.2 for~design validation

docpmentation requirements.) Record the load rate of each device using the probe test“data form 1 (see
Figdre G.3) or an equivalent.

G.4 Probe or travel test requirements for product functional-testing

G.4.1 Requirements for product functional testing, grade F3

Thefre are no probe or travel test requirements for product functionaljtesting grade F3.
G.4.2 Requirements for product functional testing; grade F2

G.4|2.1 General

Thel| probe or travel test requirements for product-functional testing grade F2 shall be as defined below. For
flowf-control device group VI, this test is required only for chemical injection devices.

G.4{2.2 Number of test specimens

Thig test shall be performed on atminimum of 5 % of any job lot or three flow-control devices, Wwhichever is
greater. If a job lot consists of three or fewer devices, they shall all be tested

G.4{2.3 Test procedure
Thel maximum effective travel of the flow-control device shall be tested in accordance with thg procedure

defiped in Clause~G.8, with exceptions, if needed. The load rate shall be determined in accordarjce with the
pro¢edure defined:in Clause G.9.

G.4|2.4  ‘Acceptance criteria

Thelmaximum effective travel shall be within the + 10 % tolerance of the maximum effective travellestablished
during the design validation test procedure.

G.4.2.5 Documentation

Documentation of the results of the insertion tests is also required. (See 7.2 for design validation
documentation requirements.) Record the maximum effective stem travel.

G.4.3 Requirements for product functional testing, grade F1

The probe or travel test requirements for product functional testing grade F1 shall be the same as for grade F2.
This test shall be performed on 100 % of the flow-control devices in any job lot.
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G.5 Load rate determination requirements for product functional testing

G.5.1 Requirements for product functional testing, grade F3

There are no load rate test requirements for product functional testing grade F3.
G.5.2 Requirements for product functional testing, grade F2

G.5.2.1 General

The load rgte test requirements for product functional testing grade F2 shall be as defined below. Fof flow-
control device type VI, this test is required only for non-spring-loaded chemical injection devices.

G.5.2.2 Number of test specimens

This test shall be performed on a minimum of 5 % of any job lot or three flow-control devices, whichever is
greater. If aljob lot consists of three or fewer devices, they shall all be tested.

G.5.2.3 Test procedure
The load rate of the flow-control device shall be tested in accordancés with the procedure defined in

Clause G.8| with exceptions, if needed. The load rate shall be calculated jin accordance with the procedure
defined in Glause G.9.

G.5.2.4 Alcceptance criteria

The load rgte shall be within the £ 10 % tolerance of the.average load rate established during the depign
validation tg@st procedure.

G.5.2.5 Diocumentation

Record the |oad rate. (See 7.2 for product functiohal testing documentation requirements.)

G.5.3 Requirements for product functional testing, grade F1

The load rafe test requirements far product functional testing grade F1 shall be the same as for grade F2. [This

G.6

The purposge of this test is to determine the relative stiffness of a flow-control device and to determing| the
maximum ¢gffective travel of the stem. When gas pressure is applied to the test system |t shall act on thg full
area of the [flow- tem
lifts further from the seat. By using the flow-control device probe tester (see Figure G.1), measurement of the
stem travel versus pressure can be determined and the results tabulated and plotted. The flow-control device
probe test equipment shown in Figure G.1 is an example.

When the pressure is plotted as the ordinate (vertical axis) and the stem travel as the abscissa (horizontal
axis), a relatively straight line is generated for the effective stem travel. The slope of this line is an indication of
the stiffness of the flow-control device. The numerical value of the slope is called the “bellows assembly load
rate”, B, and is measured in kilopascals per centimetre (pounds per square inch per inch). In this context, the
bellows assembly includes the bellows and the flow-control device mechanism that applies a load to hold the
flow-control device stem on the seat. The higher the load rate, the stiffer the flow-control device.

48 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=3e93e1eb5371817c071f3a41a136ee28

ISO 17078-2:2007(E)

If the above test is conducted with the same flow-control device, except that the opening pressure (dome
charge or spring setting) is varied, then the effect of the dome charge pressure or spring setting on the
bellows assembly load rate may be compared for the same type of flow-control device when set for different
opening pressures.

The maximum effective stem travel and bellows assembly load rate are values used to compare different
types of flow-control devices or when evaluating the same flow-control device under different load conditions
and when designing the installation.

G.7__Equipment required for probe and travel testing

G.7.1 Test stand

Thel test stand shall have a means for controlling and measuring the pressure applied” to the [flow-control
dev|ce sleeve. The apparatus shown in Figure G.1 is an example of a suitable test'stand for the| probe test.
The| apparatus shown in Figure G.2 is an alternative device using a linear vatiable differentiall transducer
(LVDT) for measuring the position.

Key

1  flow-control device 5 insulated bushing
2 tester 6  micrometer

3  pressure gauge 7  ohmmeter

4  testergas 8 bleed

Figure G.1 — Typical flow-control device probe tester
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Key

1  flow-corjtrol device 4  testergas
2 tester 5 LVDT

3  pressurg gauge 6 .bleed

G.7.2 Flow-control device sleeve

The sleeve
The source
flow-control

G.7.3 Flow-control device position measurement

For the ma
accurately
position wit

Figure G.2 — Typical flow-control device probe tester with LVDT

shall communicate pressure’ from a source to the flow-control device without perceptible le
pressure shall be communicated both above and below the flow-control device seat when
device is closed.

hual method, the position measurement device shown in Figure G.1 is a micrometer designe
measure the stem travel. The measurement method shall be capable of determining the
nin £ 05127 mm (0,005 in).

Q

3

aks.
the

d to
tem

For the aut

omatic method, the position measurement device shown In Figure G.2 1s an LVDT designe

accurately measure the stem travel.

G.8

Probe test procedure

G.8.1 Requirements

d to

The supplier/manufacturer shall prepare a written test procedure for conducting the probe test. The items in
G.8.2 to G.8.4 shall, as a minimum, be addressed in the procedure.
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G.8.2 Prepare the flow-control device for testing

Nitrogen-charged flow-control devices and combination flow-control devices (spring-loaded and nitrogen-
charged) shall be probe tested at opening pressures, P, , of 5515 gauge kPa (800 psig), 8 274 gauge kPa

(2

Spring-loaded flow-control

00 psig) and at the supplier/manufacturer's maximum recommended pressure rating.

devices shall

recommended opening pressure, P, or closing pressure, P,.

G.8.3 Assemble test equipment

Ass

G.8
Ste
isu
and
med

The)

a)

be probe tested at the supplier/manufacturers maximum

emble the test equipment in accordance with the written test procedures.

.4 Perform probe test

surements shall be recorded in the test report.
test procedure is as follows.
Increase the pressure slowly to the test sleeve until the position measurement device indicat

pressure is applied across the full area of the bellows, Py

Adjust the position measurement device to determine the new stem position. Advance the pr
micrometer barrel until it contacts the tip of thetflow-control device stem. This is noted by
decrease in the ohmmeter resistance reading:

Record the pressure and the stem position using the probe test data form 1 (see Figure
equivalent electronic data storage method. (See 7.2 for design validation documentation requi

Repeat steps a) and b) using the same pressure increment. These pressure increments s
least five recordings within the\range of the maximum effective stem travel.

If the test pressure drops-i0 a value less than the target pressure, do not increase the pressu
with the test using the.pressure recorded.

Decrease the pressure to the test sleeve in increments such as 69 kPa (10 psi), 103 k
138 kPa (20¢psiYor 172 kPa (25 psi).

Before decreasing the pressure, retract the probe rod by reversing the measurement tool to p
tip contact during pressure decrease. If the test pressure drops to a value less than the targ
do’hot increase the pressure; continue with the test using the pressure recorded.

ps for conducting the probe test with a test fixture are shown in Figure G.1. If aplautomated tes
5ed in accordance with Figure G.2, or a similar method, this shall be defined’in-the written teg
each of the items defined below shall be addressed. All applied_ pressures, tempenatures and

is no longer touching the seat. This is the pressure at which\the flow-control device just open

t procedure
t procedure

s the stem
s when test

be with the
significant

G.3) or an
ements.)

hall yield at
re; continue

Pa (15 psi),

revent stem
bt pressure,

Adjust the stem position measurement device to determine the new stem position.

Advance the probe with the micrometer barrel until it contacts the tip of the flow-control device stem. This

can be noted by a significant decrease in the ohmmeter resistance reading.

Record the pressure and the stem position using the probe test data form 1 (see Figure G.3).

Repeat e) through g) using the same pressure increments until the flow-control device stem is back on its
seat [initial micrometer reading + 0,127 mm (0,005 in)]. At least five stem positions shall be recorded

within the range of the maximum effective stem travel.
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If the test pressure drops to a value less than the target pressure, do not increase the pressure; continue
with the test using the pressure recorded.

Probe test data form 1
1 Attach assembly drawing of probe test apparatus
5 Type of pressure measurement device
— Accuracy

ISO designation of flow-control device
3 Supplier/manutacturer’s part number of flow-control device

Attach a dated assembly drawing of flow-control device

Test data: flow-control device set pressure, gauge kPa (psig)
4 — P, 0orP,
5 Attach graph showing test pressures, stem positions, best-fit straight line and maximum effective stem travel
6 Bellows assembly load rate, B, kPa/cm (psi/in)
7 Date test was performed
8 Person who performed test

Test pressure
Test No. gauge kPa (psig) Actual stem measuremnient

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Figure G.3 — Probe test data form 1
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G.9 Determine flow-control device load rate

G.9.1 Plot the data

Plot the data on linear coordinate paper with the pressure readings on the vertical axis and the stem position
readings on the horizontal axis as shown in Figure G.4.

Note, on Figure G.4, that there are two distinct regions of the plot where the slopes are different. The region
identified as slope A is the effective usable travel range of the flow-control device. The region identified as
slope B is the travel range where the bellows have met a substantial resistance to travel and represents travel

H 4 1l | T PAPAH ! it ot 1 b o H_of PAH S 4
that IS TTOTTTUTTTITAnmy  OSauTe . T TS auuTriiuT ar TESTISTanoCTUrave T oar oo aTeTooSuUTrt U ATy unTeT oIt faCtOI’S, but

is ugually the result of bellows stacking or reaching a bellows stop.

Thel region of slope A shall extend from zero stem travel to the point where the slope of the logd rate data
turns sharply upward. This point shall be visually determined. Draw the best-fit straight line to the| data of the
regipn corresponding to slope A. See Figure G.5 for an example.

Y A

8140 |
(1 180)

8 000
(1 160)

7 860
(1 140)

7 720
(1 120)
7 580
(1 100)
7 450
(1 080)

7 300
(1 060)

7 170
(1 040)

7 030
(1 020)

6 890 . . . . s

127 2,54 381 508 635 7,62
@y~ (0,05 (0,1 (0,15) (0,2) (0,25) (0,3) X

Y

\

W |data points

X | stem travel/millimetres (inches)
Y |teskpressure, gauge kilopascals (pounds per square inch gauge)

region of slope A

increasing test pressure

1
2

3  decreasing test pressure

4 point at which the slope changes
5

region of slope B

Figure G.4 — Example plot of stem travel data
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Y A

8140 |
(1 180)

8000 | 3
(1 160) / _

7860 |
(1 140) 1 5

7 720
(1 120)

[e}s{0)
(1 100)

7 450
(1 080)

7 300
(1 060)

7 170
(1 040)

7 030
(1 020)

6 890 | | | | -

(1000) 1,27 2,54 3,81 5,08 6,35 7,62
(0) (0,05) (0,1) (0,15) (0;2) (025 (0,3 X

6

W data po|nts

Key

X  stem trgvel, millimetres (inches)
test prepsure, gauge kilopascals (pounds per square inch gauge)

point w:[ere y="P

point where y = P,

region df slope A

best-fit $traight line of data in region of'slope A
visually|determined point at which slope changes
maximum effective stem travel, 4

o Ok WON -

NOTE Uoad rate, By, is equalto (P, — P,)/d;.

Figure G.5 — Example chart to determine bellows load rate

G.9.2 Calgulate the slope

NOTE $ee Figure G.5.

Calculate the slope, my, of this best-fit straight line as given in Equation (G.1):

P, —P
me% (G.1)

P, is the upstream gauge pressure of test section, expressed in gauge kilopascals (pounds per square
inch);

P, is the downstream gauge pressure of test section, expressed in gauge kilopascals (pounds per
square inch).
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The bellows assembly load rate, B, documentation shall include a graph showing all the data points, the best-
fit straight line and the By, calculation.

G.10 Determine maximum effective stem travel

The maximum effective stem travel is the greatest travel obtainable within the region of slope A as shown in

Figure G.5.
NOTE See Clause G.9 for a detailed explanation of the load-rate and maximum effective stem travel €algulation.
G.11 Probe test documentation
Thel| following minimum data shall be documented. The probe test data fofrm1 (see Figurg G.3) is a
recommended method for recording these data.
a) |assembly drawing of the probe test equipment;
b) |type and accuracy of the pressure gauge or transducer;
c) |ISO type of tested flow-control device, supplier/manufacturér’s flow-control device designatipn and part
number and dated assembly drawing of flow-control deyice;
d) |test data including
1) flow-control device set pressure,
2) test pressures,
3) stem positions,
e) |graph showing
1) tested pressures and.stem positions,
2) Dbest-fit straight line,
f) |bellows assemblyload rate, By,
g) |maximum-effective stem travel;
h) |date test performed;
i) Lpersonincharge of the test
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H.1

Annex H
(normative)

Dynamic flow testing and flow coefficient calculation

General

This annex
devices.

H.2

H.2.1 Red

H.2.1.1

Requirements for design validation grade V3 are given in Clause H.2. For/grade V3, only surface-contrg

flow-control

H.2.1.2 Number of test specimens

This test sh
the flow cos

H213 T

Each flow-¢
procedures

H21.4 A

The flow co

H.2.1.5 Dpocumentation

The flow cg
position. (S

Requirements for design validation

General

provides requirements for flow coefficient, C,, testing and dynamic flow testing of flow=co

uirements for design validation, grade V3

devices, type VII, shall be tested.

all be conducted on a minimum of one flow-control device. The purpose of this test is to vali
fficient, C,, of the device.

st procedure

ontrol device shall be tested to determine the flow coefficient, C,,
defined in Clause H.5.

of the device using the

cceptance criteria

efficient shall meet.the supplier/manufacturer’s written engineering specifications.

efficient, €, shall be reported as a function of the valve stem travel distance from the fully clg
be 7.2-for design validation documentation requirements.)

htrol

lled

Hate

test

sed

H.2.2 Red

H.2.21 N

. (s fordesi lidation_grade V2

umber of test specimens

The flow test shall be conducted on a minimum of one flow-control device of each type that is tested. The
purpose of this test is to validate the flow coefficient, C,, of the device at various port sizes.

H.2.2.2 Test procedure

Each flow-control device shall be tested to determine its flow coefficient, C,,, using the test procedures defined

in Clause H
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The common port diameters [commonly expressed as nominal sizes in inches as 3,17 cm (1/8 in); 4,76 cm
(3/16 in); 6,35 cm (1/4 in); 7,94 cm (5/16 in); 9,53 cm (3/8 in); 11,11 cm (7/16 in) and 12,70 cm (1/2 in)] shall be
tested. As a minimum, the minimum and maximum port sizes shall be tested. If the difference between the
minimum and maximum port size is greater than 3,17 cm (1/8 in), an additional test shall be conducted for
each 3,17 cm (1/8 in) of incremental port size. A procedure specified by the supplier/manufacturer shall be
used for interpolation of C,s for the intermediate port sizes.

Flow-control devices designed to accept the installation of chokes (i.e. flow-control device types | or II), shall
have additional flow, C,, tests and flow dynamic tests conducted, for each port size that is tested, using the
minimum and maximum choke sizes that can be installed.

H.2]2.3 Acceptance criteria

Thejtest results from the flow coefficient, C,, test shall meet the supplier/manufacturer’s written’ spgcifications.

H.2]2.4 Documentation

Redord the C, for each flow-control device and/or flow-control device/choke combination that is fested. (See
7.2 for design validation documentation requirements.)

H.2l3 Requirements for design validation, grade V1

H.2]3.1 General requirements

Reduirements for design validation grade V1 are specified\in H.2.3. Record the flow coefficient| C,, that is
calqulated from test data. (See 7.2 for product functional testing documentation requirements.)

H.2]3.2 Number of test specimens

Thel flow test shall be conducted on a minimum of one flow-control device of each type that is ftested. The
purpose of this test is to conduct a dynamic/flow test of the device at various port sizes.

H.2{3.3 Test procedure

Each flow-control device

a) |shall meet all flow, C,}, test requirements for design validation grade V2,

b) |shall be subjectto-a dynamic flow test using the test procedures defined in Clause H.6.
H.2]3.4 Acceptance criteria

Theltest results from the dynamic test shall meet the supplier/manufacturer’s written specifications

H.3 Requirements for product functional testing

H.3.1 General

Requirements for the three product functional testing grades are specified in H.3.2 and H.3.3. A flow
coefficient, C,, test is required for flow-control device type VII. Dynamic tests shall be required, depending on
the functional testing grade, for other flow-control device types. Performance of the dynamic test is described
in Clause H.11 and Annex P.
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H.3.2 Requirements for product functional testing, grade F3

There are n

o flow test requirements for product functional testing grade F3.

H.3.3 Requirements for product functional testing, grade F2

H.3.3.1

Flow test

The flow test for product functional testing grade F2 is only required on type VIl flow-control devices.

H.3.3.2 Number of test specimens

This test shall be conducted on 100 % of any job lot.

H.3.3.3 Test procedure

The flow-cdntrol device shall be tested to determine the flow coefficient, C,, using the test\procedures def

in Clause

H.3.3.4

The flow ¢
design valig

H.3.4 Red

H3.41 F

The flow te

5.

ceptance criteria

efficient, C,, of each flow-control device shall be within + 10 % of the value established dy
ation testing.

uirements for product functional testing, grade F1

ow test

t for product functional testing grade F1 shall be as defined in H.3.4.2 to H.3.4.4.

H.3.4.2 Number of test specimens

This test sh

H343 T

The flow-co
control devi

H3.44 A

The flow-cq
validation te

all be performed on 100 % of any job lot.

st procedure

ntrol device shall be-dynamically flow-tested in accordance with Clause H.6 to determine the fi
ce’s flow rate.

cceptance criteria

ntrol \device’s flow rate shall be within + 15 % of the test result determined during the de
st-for. the same test conditions.

ned

ring

ow-

sign

H.4

Discussion of flow coefficient testing

H.4.1 General

This procedure determines a flow-control device’s flow capacity as a function of its stem travel. The data from
this test allow the accurate calculation of the gas and/or liquid flow rate at any pressure conditions. The flow-
control device’s flow rate as a function of pressure is dependent on the geometry of the flow-control device,
and, therefore, it is appropriate only for the particular configuration of the test specimen.
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The flow coefficient, C,, test method requires control of both upstream and downstream pressure. Tests have
shown that slow and steady changes in pressure (ramp method) require less gas and yield more accurate
results than when the pressures are changed abruptly (traditional method). Therefore, only the ramp method
is presented in this part of ISO 17078. However, other methods, including the traditional method, may be used,
if the supplier/manufacturer can demonstrate that their accuracy is equal to, or better than, that of the ramp
method.

The ramp method requires that the system time constant be determined and that the data be collected by
transducers and data acquisition equipment. Determination of the system time constant is defined in
Clause H.11. When these tests are conducted as specified in this part of ISO 17078, the maximum error
associated with calculation of the flow coefficients, C,, is less than 10 % and the maximum error associated

with

H.42 Test specimen for conducting flow tests

calculation of the critical pressure ratio factor is less than 12 %.

Theltest specimen shall include the following components.

a) | A flow-control device shall be modified for this testing to include a feature that allows positive [mechanical
adjustment of the flow-control device stem with respect to its seat. This feature shall not affec| the normal
flow path through the flow-control device. If the flow-control deviceChgrmally includes a rgverse flow-
control device, the supplier/manufacturer’'s recommended reverse flow-control device shall bg part of the
flow-control device assembly. Refer to Figure H.1.

b) [A compatible latch shall be securely threaded to the flow-Control device. The latch may be|modified to
allow easy access to the stem adjustment feature as long-as the modification does not impair the ability of
the latch to be threaded securely to the flow-control dévice or to anchor securely the latch/flow-control
device assembly to the compatible receptacle.

c) | The flow-control device and latch shall be inserted into a compatible receptacle.

H.43 Stem position measurement

The| stem adjustment feature shall permit-measurement of the position of the stem with respect|to the seat

within + 0,076 mm (£ 0,003 in). The position of the stem with respect to the seat shall be defined as fully

closed when the flow rate through the‘flow-control device is less than 5,66 SCMD (200 SCFD) at tgst pressure
conflitions. When the device ig~fully closed, the measurement of the stem position with respect|to the seat

sha

H.44 Required stemiest positions

At |
con
travi
travi

A

I be 0 cm (0 in).

east five stem_positions shall be tested for each specific flow-control device design and

| from the)seat and at least one test shall be conducted with the stem at 100 % of maximu
B|. Refer.to Clause G.10 for a definition of maximum effective travel.

| stem/seat

iguration. Atleast one test shall be conducted with the stem no more than 10 % of its maximyim effective

m effective

inimum of three more stem position tests shall be conducted at stem positions of approxin

ately 30 %,

50 %, and 70 % of their maximum effective travel. Additional or different intermediate stem positions may be
chosen if the supplier/manufacturer can demonstrate that more accurate flow capacity data can be obtained in
the range of travel where flow rate is changing significantly.
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Key

1  valve mpdified with adjustable stem
2 standarfl valve with a reverse flow valve

@ Internal flow passage shall not be modified. from standard configuration.

Figure H.1~—-Standard and modified test configuration

H.5 Flgw coefficientdests

H.5.1 General

The following progédures shall be used to determine flow coefficients, C,, for flow-control devices.

H.5.2 Flow tcatillg

Refer to Clause H.10 for flow rate calculations.

H.5.3 Test pressure range

For each stem position, a minimum of five well spaced pressure ratios, R, shall be tested. The pressure ratio,
R, is equal to the measured differential pressure across the test section divided by the absolute upstream
pressure dP/(P;+100)kPa [dP/(P1 +14,7) psi] . Analysis of the test data can require additional tests. Refer
to Clause H.4 for clarification of the potential need for additional tests.
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.4 Measurement

For each pressure ratio, R,, measure the flow rate; the upstream test section gas temperature, 7,; the
upstream pressure, P,; the downstream pressure, P,; and the stem position. Stem position measurements

shal

H.5

The

| be made as defined in Clause H.4.

.5 Test procedure

following test method shall be used to determine flow coefficients for flow-control devices.

Raoth m-—and-_do mtact coctinn _nracolirn D __ond D ahall bha occuslioad o

a)

H.6

H.6

The]
prog
bas

o oatran wnat -
SOt HpStream—aRe—aowWRStream—test—SeeHoR—Ppressure s+ T aRt—+ o, Snanr—be—equanzea—o

greater than 689 kPa (100 psi) before each test. Both upstream and downstream pressure m
devices shall read within 2 % of each other, and the flow measurement device shall show' a
less than 5,66 SCMD (200 SCFD).

Initiate flow through the flow-control device so that the pressure ratio, R, is less-than 0,05.
test data.

p’

rate no longer increases for a constant upstream pressure and a decreasing downstream prg
is accomplished by holding the upstream pressure constant while*slowly and continuously r|
downstream pressure. (See Clause H.11 for information concerning’the rate of pressure chan
the data in accordance with Clause H.12.

At least three pressure ratios, Ry, in the range of 10 %10 90 % of the pressure ratio, Ry d
critical flow shall be recorded in accordance with Clause.H.12.

Dynamic performance testing

1 General

re are two methods for dynamic( performance testing of flow-control devices. They are th
uction-pressure and the constant-injection-pressure methods. The preferred technique should
bd on the type of device to bextested. Application of the method is not limited to any specific val

a pressure
pasurement
flow rate of

Record the

The pressure ratio, Ry, shall be increased until critical flow is observed. Critical flow occurs when the flow

bssure. This
educing the
ge.) Record

bserved for

e constant-
be selected
ve type.

In the first method, the produetion pressure is held constant at several values. At each value, the injection

preg
Thig

In th
pres
pres

See

sure is adjusted to determine how the flow-control device performs with changes in injection
is referred to as the eonstant production pressure test (CPPT).

e second method, the injection pressure is held constant at several values. At each value, the
sure is adjusted to determine how the flow-control device performs with the changes in
sures._This'is referred to as the constant injection pressure test (CIPT).

Eigure O.1 for a diagram of basic flow test systems. These tests should be performed in a fz

pressures.

production
production

cility that is

the

same or similar to the one described in Annex O. The flow-control device to be tested may

e nitrogen-

charged, spring-loaded or a combination spring-loaded/nitrogen-charged device. It may be injection-pressure-
operated (IPO) or production-pressure-operated (PPO). It shall comply with the test specimen in O.2.3.

Figure H.2 shows typical flow-control-device dynamic performance characteristics on a three-dimensional
graph of upstream pressure, P, downstream pressure, P,, and flow rate, qgi- Data from either a constant-
injection-pressure test or a constant-production-pressure test may be plotted on the same three dimensional
graph. Figure H.2 illustrates how the flow through a flow-control device moves from the throttling flow regime,
through a regime of transition, to the orifice flow regime as Py is increased. When g; and P, are considered to
be a vertical plane, that vertical plane has a specific value of P;. Likewise, when ¢4 and Py are considered to
be a vertical plane, that vertical plane has a specific value of P,. This value may be visualized as one of the
dashed isobar lines.
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Key
X P,, explessed in gauge kilopascals (pounds‘per square inch gauge)
Y qgi» EXP essed in MSCMD (MSCFD)
Z P, expfessed in gauge kilopascals (paunds per square inch gauge)
1 isobars

Figure H.2 — Three-axis plot of upstream pressure, downstream pressure and flow rate

In summary, Figure H.2 shows the results of a constant production pressure test using the dashed isobar ljnes
as constan{ production’ pressure, P,, and changing the injection pressures, P,. It also shows the results jof a
constant injection-pressure test using the solid line curves as isobars for constant injection pressure, P, as
the productlon’pressures, P,, are changed.

As with flow coefficient, C,, testing, the ramp method is described in this part of ISO 17078. The
supplier/manufacturer may use other methods if the results can be shown to be equal or better than those
from the ramp method. The ramp method requires that the system time constant be determined (see
Clause H.11) and that the data be collected by transducers and electronic data acquisition equipment.

H.6.2 Preparation for constant production pressure test
The following steps shall be accomplished prior to conducting the test described in Clause H.7.
a) Establish the maximum flow-control device stem travel (VST) of the flow-control device. This is used to

calculate the increase in injection pressure for the constant production pressure tests. Maximum VST is
the lesser of either the maximum effective stem travel from the probe (LST) or the geometric stem travel
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for fully opened condition (GST). LST is determined from the probe test of the flow-control device (see
Clause G.4). GST is based on the physical geometry of the flow-control device stem tip (usually a carbide
ball) and its seat as described in step d). GST is the VST required to attain an equivalent area (surface
area of the fustum of a right circular cone generated by the stem tip moving away from its seat) that is
equal to the valve port area.

b) Calculate the required maximum increase, dP,,,, in the upstream test section pressure, P4, above the
initial valve opening pressure, P,, to achieve maximum VST for a constant downstream test section
pressure, P,. This maximum increase in the injection pressure, dP,,,, is constant for a given flow-control
device and for all values of P,. If the maximum VST is equal to, or greater than, the LST, the dP,,,
increase above the valve closing pressure, P, to attain the LST from the probe test is calculated
according to Equation (H.1):

AP =1.2(dBy ) /[ 1| (H.1)
max — b pr Ap :
where
der is the change in probe pressure;
Ay, is the effective bellows area, expressed in square centimetrés (square inches);
Ag is the area based on the diameter where the stery contacts the seat, expressed in square
centimetres (square inches).
If the VST is equal to, or greater, than the GST, the maximum dP increase is calculated from the load rate,
B, the probe test and the GST as given in Equation (H.2):
dPax =12dysTB), (H.2)
where dy g7 is the distance of the flow-controtdevice stem travel.

c) [Calculate the incremental pressure, dP;values above the upstream initial valve opening presgure, P, for
the constant downstream test section pressure, P,, tests. A minimum of four equally spaged test dP
values over the full range, including the maximum, dP,,,,, calculated in step b), is required. Fpr example,
use 25 %, 50 %, and 75 % of the maximum, dP,,,,, and the minimum, dP;,.

d) [Install the flow-control device in the test fixture and determine the opening pressure, A, at the
temperature of the testfixture, with a downstream test section pressure, P,, equal to 0 gauge kPa (0 psig).
Record the P,

e) [It can be difficultyto measure the flow-control device closing pressure, P, accurately in the|test fixture.
Therefore, caleudlate the P, for selecting the values of downstream test section pressures, £,, in step f)
using Equation (H.3):

Bier = Pror [1_(A5/Ab)] (H.3)

f) lcaletlate—atteastfourequallyspaced—valves—for-downstream—test-sectionpressures—Pr—based on the
flow-control device closing pressure, P, ;. Suggested values of P, for the full range of operation are 20 %,
40 %, 60 % and 80 % of P,

H.7 Constant production pressure test procedure

The test procedure is as follows.

a) Adjust the upstream and downstream control valves for a near zero gas flow rate through the flow-control

device for the calculated downstream test section pressure, P. Record the upstream initial opening
pressure, P, and its corresponding Ps.
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b) Calculate the upstream test section pressure, P,, based on the upstream initial valve opening pressure,
P,, for the set constant downstream test section pressure, P,, from step a) and the value of the pressure
difference, dP, from step c) as given in Equation (H.4):

Py =P, +dP (H.4)

c) Increase the upstream test section pressure, P4, from P, to P, = P, +dP,,, in a slow and continuous
ramp. The length of time for the test shall be greater than five time constants and the slope of the
increase in P, should be as constant as possible. See Clause H.11 for discussion of this method.

d) Check the flow-control device's opening pressure with zero downstream pressure, P, -, following the final
highes} upstream pressure test based on the maximum, dP,,,, for the constant test downstream
pressufe, P,, expressed in centimetres (inches). If P, varies by more than 0,5 % percent from.the P,
tested [n step d) of H.6.2 repeat the test beginning at step c) for the last P,

e) Select the next downstream pressure, P,, and repeat step a) through step d) until the,final constant P,
test sefies has been concluded.

f)  Plot th¢ upstream initial flow-control device opening pressure, P, from step a), and calculate the gas flow
rate, ¢§;, for each test and graph the data with the upstream pressure, P, as-a’function of dgi for gach
constant downstream pressure, P,. The curves appear as shown in Figure H.3.

Y A

Key

X P,expresséd.in gauge kilopascals (pounds per square inch gauge)
Y dgi exptessed in MSCMD (MSCED)

1 Pch

2 onT

3 P

vst

Figure H.3 — Example flow rate vs pressure through a flow-control device
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H.8 Constant injection pressure test procedure

The test procedure is as follows.

a) Place the test specimen in the test section. Measure the flow-control device opening pressure, P, , at
temperature. Record P, and the temperature. The flow-control device’s closing pressure, P, can be
difficult to measure accurately in the test fixture. Therefore, calculate P, as given in Equation (H.5) and
record the calculated P, -

Pyer = Pyor [1_(A5/Ab)] (H.5)

b) |Charge the flow test system with the flow-control device opening pressure, P, at temperature. Close the
equalizing control flow-control valve (ECV) after charging the system. The flow-control device |s open with
P, upstream and downstream.

1) Adjust the upstream pressure, P4, to equal [onT —0,1(onT—Pch)] whileCreducing gownstream
pressure, P,, from P, to 0,9 P,. Stabilize P, at 0,9 P,. Record the propgrf. values as indigated on the
dynamic test data form 1 (see Figure H.4).

2) Decrease the downstream test section pressure, P,, from P, to 0 ifi-a’slow and continuou$ ramp. The
length of time for the test shall be greater than five time constants and the slope of the decrease in
P, should be as constant as possible. Record at least six flow tates during the ramp test.

3) The upstream pressure, P4, shall be maintained within\34,5 kPa (5 psi) of the target value while
testing at the downstream pressures, P,, specified initem H.8 b) 2).

4) Check P, after the test. It shall be within 0,5 %_.ot'initial P,,;. Record this P, and the {femperature
at the end of the test.

5) Recharge the flow test system to an upstream pressure, Py, equal to | P,or —0,25(Pydr — Pycr )]
Reduce the downstream pressure, P,, 10°0,9 P, and stabilize. Record the proper values @s indicated
on the dynamic test data form 1 (see Figure H.4). Repeat steps H.8 b) 2) through H.8 b) 4).

6) Recharge the flow test system (o' an upstream pressure, P,, equal to [onT -0,5(P,4r —Pch)]
Reduce downstream pressure,)P,, to 0,9 P, and stabilize. Record the proper values as ipdicated on
the dynamic test data form 1, Repeat steps H.8 b) 2) through H.8 b) 4).

7) Recharge the flow test system to an upstream pressure, P,, equal to [onT —0,65(Pch —Pyer )]
Reduce the downstream pressure, P,, to 0,9 P, and stabilize. Record the proper values @s indicated
on the dynamic test data form 1 (see Figure H.4). Repeat steps H.8 b) 2) through H.8 b) 4).

c) |Test the flow-cenirol device at upstream pressures, P,, greater than the opening pressurg, P,,r, (the
orifice flow regime). Calculate the maximum dP,,,, above P, using H.10.2.

1) Recharge the flow test system to an upstream pressure, P4, equal to P, r +dPy,, - Reduce the
downstream pressure, P,, to 0,9 Py and stabilize. Record the proper values as indicated on the
dynamic test data form 1 (see Figure H.4). Repeat steps H.8 b) 2) through H.8 b) 4). Obtain at least
two P,s that are less than half the upstream pressure.

2) Recharge the flow test system to an upstream pressure, P4, equal to P,,r +0,5 dP, 5. Reduce the
downstream pressure, P,, to 0,9 Py and stabilize. Record the proper values as indicated on the
dynamic test data form 1 (see Figure H.4). Repeat steps H.8 b) 2) through H.8 b) 4). Obtain at least
two P,s that are less than half the upstream pressure.

3) If the flow-control device supplier/manufacturer intends for the device to be used in a well only in the
throttling flow regime, only a small fraction of the maximum, dP,,,, might be used in step H.8 ¢) 1).

d) Plot the data. The plot has the form shown in Figure H.7. Include the valve closing pressure, P, , as an
integral part of the plotted data.

e) Data accumulation: if data is accumulated manually, use the dynamic test data form 1 (see Figure H.4) to

record the data.
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Dynamic test data form 1

Information required

ISO designation of flow-control device

Supplier/manufacturer’'s name

1 Supplier/manufacturer’s part number of flow-control device
Flow-control device description

Intended operating flow regime: fully open, throttling, or combination

Flow-control device information

Set pressure, P,,, expressed in gauge kilopascals at 15,6 °C (pounds per square inch gauge
at 602E)

Bellgws area, expressed in square centimetres (square inches)

Stenp-seat area, expressed in square centimetres (square inches)

Port bore diameter, expressed in centimetres (inches)

Probe test data

Maximum effective stem travel, expressed in centimetres (inches)

Differential pressure for maximum stem travel, expressed in kilopascals (pounds per squar€|inch)
Averpge bellows assembly load rate, expressed in kilopascals per centimetre (pounds per square
2 inch jper inch)

Namie of technician performing test

Performance test date

Metdgr tube ID, expressed in centimetres (inches)

Gas [gravity

Timg test began

Begipning P, 7, expressed in gauge kilopascals (pounds per squareiinch gauge)

Begihning temperature, expressed in degrees Celsius (degrees.Fahrenheit)

Timqg test ended

Endipg P, 7 expressed in gauge kilopascals (pounds per;square inch gauge)

Endiphg temperature, expressed in degrees Celsius (degrees Fahrenheit)

Data
Test Gas orifice meter tube data Flow-control device fixture data
No. | Orffice Press Diff. | Flowing |*" Computer | Upstream Down- Inlet | dP acrgss
bore ID press. | temp. gas rate press. stream temp. FCD
press.
cm (in) | gauge kPa cm °C m3/day gauge kPa | gauge kPa °C kPa
(psig) | (in H,0).) (°F) (MSCFD) (psig) (psig) (F) (psi)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Figure H.4 — Dynamic test data form 1
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H.9 Data evaluation of flow coefficient data

H.9.1 Introduction

Clause H.9 describes the procedure for evaluating the test data collected as described in Clause H.6. This
procedure determines the flow coefficient, C,, and the pressure drop ratio factor, Ry crt for a given value at a
given stem travel, d;. Refer to Figure H.5, which is constructed as follows.

a) After the data are collected, the best-fit straight line is fitted.

I alalits | H latiaal latlo ot lo LI PalhY l L 0/ 4 altlo $lo
b) WO auuriurliar nmrico airc pIULLUU SQUUIT tIh'at UTICT Tiado \1 Y A L/V} vdiuTo J /0 BICGLCI aria uirc Utrl r (FY X CV)

values 5 % less than the best-fit straight line. All the data points shall fit between these uppgr and lower
limit lines.

Y A

1

09 | 1

N 2

~
0,8 | \QZ 3
TS ~

\‘ZI \
~
07 | > N 5
S~
4 S
0,6 6
7
0,5 . >
0 0,1 0,2 03 0,4 0,5 0,6 0,7 08 X

(O |data points

pressure ratio, R
FyxC,

p.ort

point A ferthe flow coefficient, C,
upper5-% limit line: y = F\, x C, x 1,05
lower 5 % limit line: y = F\, x C, x 0,95

N TIPS NP ¢ S H

1
2
3
4 tbesthtstraightiney—mp R €y
5
6

point where I\, x C, = 0,667 x C,

point B for the pressure drop ratio factor, Ry ot

Figure H.5 — Example of typical C, data

H.9.2 Calculation

For each pressure ratio, R, .4, find the product of (Fy x C,), in Sl units using Equation (H.6) or in USC units
using Equation (H.7).
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1 )2
Sg X T1 X Z1 Rf
p
FyxC, =gx H.6
Y v=49 417P, (H.6)
where
q s fhreflowraterexpressed-imstandard cubicmetres per-hour;
Sq is he specific gravity of gas (the value for air equals 1,0);
T, is the upstream gas temperature, expressed in kelvin;
P, is [he upstream gauge pressure of the test section, expressed in gauge kilopascals;
Z, s [he upstream compressibility factor;
R, is the pressure ratio.
_ 17
112
Sg X T1 X Z1 Rf
p
Fy x|, =¢gx H.7
v 1 13607, ")
where
g s the flow rate, expressed in standard.cubic feet per hour;
T, is fhe upstream gas temperature expressed in degrees Rankine;
P, is the upstream gauge pressure’of the test section, expressed in pounds per square inch absolutg.
H.9.3 Andlysis
The values|calculated ag)(F<, x C,,) shall be plotted on linear coordinate paper with (Fy x C,) on the vertical
axis and the pressure ratio, R, ., on the horizontal axis. A best-fit straight line shall be fitted to the data. Iflany
test data pg¢int deviates by more than 5 % from the straight line, additional test data shall be taken near [that
pressure rafio, Ry, to ascertain if the specimen truly exhibits anomalous behaviour.
The accurapyof data collected at very low pressure ratios and small stem displacements is suspect. These

data points may be ignored if at least five additional data points meet the criteria described above.

H.9.4 Determination of flow coefficient

The value of the flow coefficient, C,, shall be read as the point on the vertical axis where the fitted straight line
intersects the vertical axis. This is designated as point A on Figure H.5.

H.9.5 Determination of pressure drop ratio factor

The pressure drop ratio factor, R, ., is determined by projecting a horizontal line from the vertical axis at a
value of Fy xC, =0,667C, until it intersects the fitted straight line. A vertical line is then drawn from this

68
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intersection to the horizontal axis. The value of R, . is read on the horizontal axis as the point of intersection
of the vertical line and the horizontal axis. This is designated as point B on Figure H.5.

Alternatively, Equation (H.8) may be used to determine Ry crt if the slope, my, of the straight line is known.

H.9.

[0,667(Fy xCy)-C, ]

Mpf|

Rport =

6 Calculating the expansion factor

Thejvalue of the expansion factor, Fy, is as given in Equation (H.9).

The

to 110. In addition, if R, is greater than Fy R, ., the value which shall be used for Ry is Fi Ry ot -

H.9

A gr

vertjcal axis and stem travel on the horizontal axis. The range of‘the stem travel axis shall begin g
extgnd to the maximum effective travel of the stem as determined in Clause G.10.

Each of the tested points shall be identified with a symbol. A curve shall be fitted to the data point

computed value of the expansion factor, F, shall be greater than or equal t0.0,667 and less tf

7 Record flow coefficient versus stem travel

aph of the flow coefficient, C,, versus stem travel shall beymade on linear coordinates wit

(H.8)

(H.9)

an or equal

h C, on the
t 0,000 and

s using any

method suggested by the supplier/manufacturer to gbtain flow coefficients not tested. See Figur¢ H.6 for an

example of flow coefficients plotted versus stem‘travel in millimetres (inches) for different p
millimetres (inches).

brt sizes in
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flow cogfficient

port siz¢: 4,76 mm (3/16 in)
port siz¢: 6,35 mm (1/4-n)
port siz¢: 7,94 mm (548 in)
port sizé: 9,53 mm.(3/8 in)
port sizé: 11,14, mm (7/16 in)

<

a b ON -

Figure H.6 — C, vs stem travel

H.9.8 Record pressure drop ratio factor versus stem travel

A graph of the pressure drop ratio factor, Ry ot Versus stem travel shall be made on linear coordinates with
Ry, ot ON the vertical axis and stem travel on the horizontal axis. The range of the stem travel axis shall begin
at 0,00 mm (0,00 in) and extend to the maximum effective travel of the stem as determined in Clause G.10.

Each of the tested points shall be identified with a symbol. A curve shall be fitted to the data points using a
method recommended by the supplier/manufacturer to obtain pressure drop ratio factors not tested. See
Figure H.7 for an example of critical pressure ratios plotted versus travel in inches, for different port sizes in
inches.
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stem travel, expressed in millimetres (inches)
critical pressure ratio

port size: 3,18 mm (1/8 in)
port size: 4,76 mm (3/16 in)
port size: 6,35 mm (1/4 in)

Figure H.7 — Critical pressure ratio vs stem travel

0 Useof C,and R, test data

0.1 Use of the flow coefficient

flow coefficient, C,,, can be used to compute flow rate, qgj» @s given in Equation (H.10) for SI

units and in

where

ationy(H.12) for USC units.
1
Rp 2
qgi = 0,1XCV (PiOd +100,0)><FY SgTvZ1
_ Piod _de .
Poq +100°

Pyq and Pnyq are pressures expressed in gauge kilopascals;
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Sq is the specific gravity of gas (the value for air equals 1,0);
T, is the temperature of the flow-control device at depth, expressed in kelvin;
dgi is the measured flow rate at standard conditions, expressed in MSCMD.
1
32,64xC, (Poq +14,7)x F % )7 (H
. =32,04 x 2q + 14,7 ) %
4gi v( iod ) Y SgTVZ1
where
Pog—P
Rp = _u ; (H
H od T 14,7
Piyq @angd Ppq are pressures, expressed in pounds per square inch gauge;
T, is the temperature of the flow-control device at depth, expressed in degrees Rankine;
dgi is the measured flow rate at standard conditions, expressed innMSCFD.
In the above equation, use the actual pressure ratio, Ry, if it is less than Fi Ry, .} otherwise, use Fi Py o as
value of Ry,
H.10.2 Example for using C, and R, . to compute flow rate
H.10.2.1 General

To calculatg the flow rate through a flow-control device using this equation, it is necessary to know the am

of stem tra
P.3.5) or arj
heats of thg

H.10.2.2 Data

Figure H.6
Figure H.7
Test media
Upstream p

Downstreari

vel for the pressure conditions. This can be determined using either the simplified method
y other correlation that calculates stem travel. It is also necessary to know the ratio of the spe
media used to test the flow coefficients. Example calculations follow.

s a graph of C,, versus stémtravel for this flow-control device.

s a graph of Ry crt VEFSUS stem travel for this flow-control device.
ratio of specific¢-heats equals 1,4.

ressure, £, equals 6 895 kPa (1 000 psig).

N pressure, Ppg, equals 5 860 kPa (850 psig).

12)

13)

the

bunt
see
cific

Natural gas
Temperatur

The flow-co

Specific gravity, 5, equars 0,65.
e, T, equals 65,6 °C (150 °F).

ntrol device stem travel equals 0,635 mm (0,025 in).

The fow-control device port size equals 6,350 mm (1/4 in).
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H.10.2.3 Calculation

Using the above data, the calculation is performed as follows.

a)

Calculate the pressure ratio, Ry

. 6 895 -5 860 0,148
6 895+100

1000 -850
Ry=—-"C
1000 +14,7

=0,147 8}

-2:2007(E)

From Figure H.7, determine the R, . for the flow-control device at a travel of 0,635 mm (0,025 in). Read

Rp,Crt = 0,45

Determine the ratio F\.. The test media used a gas with a specific heat ratio of 1,4: Natura] gas has a

specific heat ratio of 1,3; therefore, F = % =0,929.

Determine whether the flow-control device is in critical flow. If R is greater'than R, . F , th
control device is in critical flow and R,, . F shall be used rather {)han R, to compute flow rate.

Ry ort F =0,45x0,928 = 0,418 Ry ort Fi =0,45%0,928 = 0,418

en the flow-

The actual pressure ratio, 0,148 (0,147 8), is less than the critical pressure ratio factor, 0,417; therefore,
the flow-control device is not in critical flow and the actual<pressure ratio factor can be used|to compute
flow and the expansion factor.
Compute the expansion factor, Fy:
R
Fy=1- b |_q__ OM7T8T 5 geo Fy =1- 01478 L — 0,882
3FcRoon 3(0,929)(0,45) 3x(0,929)(0,45)

From Figure H.6, determine the G, \for the flow-control device at a travel of 0,635 mm (0,02
C, = 0,60.

Compute the compressibility ‘factor for pressure equal to 6 900 kPa (1 000 psig) and temp
equal to 65,6 °C (150 °F). The resultant value of Z, is 0,95.

Compute the flow rate:

1

01478 }2 _ 9,846 MSCMD

0,65x (65,6 + 273,15)x 0,95

dgi :0,1><O,60(6 900+100,0)x0,882{

1
01478

5in). Read

erature, 7,,

1
= 347,25 MSCFD
O,65><(150+460)><O,95J

r
T]gi =32,64x0,00(1000 +14,7)x 0,882[

H.11 Description of use of a ramp function in a dynamic test of a flow-control device

H.11.1 General

Clause H.11 describes how to design and use a constant pressure change (ramp method) for flow coefficient
and dynamic flow tests. This method ensures that the data accurately represents the behaviour of the flow-
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control device at steady state conditions. Data collected during the ramp tests shall be electronically recorded.
Data recorded manually are not accurate enough to apply the ramp method.

H.11.2 Background and theory of approach

A discussion of “steady state” and “system time constant” follows.

a) Steady state

b)

74

The components of a row—controI device test system eg flow-control device, pressure

gient

tion

é
Py(t) = Pymax <€ (H.14)

where

Py(t) is the downstream, system pressure, expressed in gauge kilopascals (pounds|per
square inch gauge)-as a function of time;

P{max s the r_naximum upstream system pressure, expressed in kilopascals (pounds|per
square inch);

t is the. time, expressed in seconds;

G is.the system time constant, expressed in seconds.

The system»time constant, C,, is a physical parameter that varies with system geometry and| the
phiysical\properties of the gas. This time constant can be used to determine how close the measured
values are to steady state. For example, after an elapsed time of 1 s, 2s, 3s, 4 s and 5 s, the|test
syStermmhas Teached 63,27 %, 85,6 %, 95 %, 98 % and 999 of steady state, Tespectively:

The accuracy of the calculations can be improved by fitting the experimental data to a second-order
response. This analysis requires a curve fit of the experimental data and the calculation of several
empirical constants. For example, in the case of the discharging test system, the second-order
equation given as Equation (H.15) applies.

fj (fj
Py(1) = C xe[cm +Cyxet 12 (H.15)

where

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=3e93e1eb5371817c071f3a41a136ee28

ISO 17078

-2:2007(E)

Py(1) is the downstream system pressure, expressed in gauge kilopascals (pounds per
square inch gauge) as a function of time;

Ciand C, are the empirical constants determined by curve-fitting data, expressed in
kilopascals (pounds per square inch);

t is the time, expressed in seconds;

Ciqand Gy, are the system time constants found by curve-fitting the data, expressed in

seconds.

H.1

H.1

H.1
exa

Increasing the capacity of surge tanks and overall pipe volume in the test system he
fluctuations in system pressure. This makes it easy for the operator to control the syster
and read the pressure measurement devices and flow meters during a dynamicctest. H
trade-off for increasing the system volume is that it also acts to increase the system time
As this time constant increases, longer periods of time are required to ensure that me
represent steady-state conditions. The end result is an increase in the~time and the
required.

1.3 Measuring system time constant

1.3.1 General

.3 defines the measurement of the system time constant(for a typical discharging test s
mple assumes a first-order response. This test shall beperformed on the test system confi

ps dampen
n pressures
bwever, the
constant(s).
hsured data
has volume

ystem. This
guration for

flowt-control device testing. Do not install a flow-control device'in the test section for this test. Closg the bypass
valve before beginning.
The| procedure is carried out as follows.
a) |Close the downstream valve in the test system.
b) |Open the upstream valve so that\both upstream and downstream pressures are equal af 5 860 kPa
(850 psig), i.e. P4 max = Po(t) atz=0.
c) |Start the data acquisition equipment and collect data at frequencies of no more than 2 s intefvals. Open
the downstream valve as rapidly as possible.
d) |When P,(¢) is at atmospheric pressure or is changing by only small random fluctuations,| the test is
complete.
e) |Plot P, as a.fanction of time as shown in Figure H.8.
Calculate the first-order time constant, C;, by finding the time required to decrease from an initfal value of
100-63,2
Py5Pqmaxatt=0to P,(t)= =X Py max = P2 min ().
EXAMPLE Py(t) = %X(5 860 —0) =2 227 gauge kPa;
[Po(1) = %x (850 - 0) =313 psig].

As an alternative, the data can be curve-fit using Equation (H.15). Pressures are expressed in gauge
kilopascals (pounds per square inch gauge).
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6 200 (900)
5 500 (800)

4 800 (700)
4 100 (600)

3 400 (500)

2800 (400)

2 100 (300) §

1400 (200) §

690 (100) : : .
0 3/‘10 20 30 40 50 60 X

Key

X  time, eXpressed in seconds
Y downstieam pressure, expressed in gauge kilopascals (pounds per square inch gauge)

Py max 1 P2 =5 860 gauge kPa (850 psig)
2 P, =22f gauge kPa (323 psig)
3 one (1) time constant, equalto 9 s

Figure H.8 — Example test system response

H.11.3.2 Upsing the system time constant to design a ramp for the dynamic test

Use the system time constant developed in“accordance with H.11.3.1. It can be used to design a r.
function for| the flow coefficient test or the dynamic flow test. The ramp function is basically a constant
linear decrgase in downstream pressure) P,(z), over time as upstream pressure, P{ max 1S held constant.
necessary that the duration of this ramp be at least five time constants to ensure that the data recorded
within 99 % of steady state. Generally, the longer the duration of this ramp, the more conservative and
better the assurance that the data represent the system at steady state. Figure H.8 illustrates a ramp fung
design whefe the time constanbis 9 s.

Deviations from linearity<in the ramp function can be caused by a failure to maintain upstream press
P1 max: Ccongtant or by rapid changes in the downstream pressure. These deviations in linearity can causg
error in the fest data- To reduce this error, design a longer ramp with a gentler slope.

Bmp
rate
Itis
are
the
tion

ure,
e an

H.12 Documentation

H.12.1 General

The documentation in the following list shall be produced to record the execution of the flow coefficient,

C ’

test. The flow coefficient data form 2 (Figure H.9) is a convenient method to record the data. (See 7.2 for

design validation documentation requirements.)

a) supplier/manufacturer’'s flow-control device type, identification and part number, and dated assembly

drawing;

b) drawing of the modified flow-control device;
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maximum effective stem travel of flow-control device (see Clause G.10);
type and accuracy of flow rate measurement;

type and accuracy of pressure measurement;

type and accuracy of temperature measurement;

stem travel;

test data to include the following at each test point:

1) upstream pressure, Py;

2) downstream pressure, Py;

3) upstream temperature, 7y;

4) flow rate;

calculation of the following variables:

1) pressure ratio for each test point, Ry

2) product of Fy x C, for each test point as specified in Clause |.9;

3) coefficients of best-fit straight line (i.e. coefficients’Arand B of the equation y=m x + b {
data);

4) +5 % limit of each data point using the best+fit straight line as reference;
5) -5 % limit of each data point using the best-fit straight line as reference;
graph of data points and best-fit straight-ine;

flow coefficient, C,;
pressure drop ratio factor, £p) ;

graph of flow coefficient; C,,, versus stem travel,

graph of pressureZdrop ratio factor, P, versus stem travel;

p,crt’
location of test facility and test facility operator;
media used for testing;

date tested and person in charge of testing.

hat best fits
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Flow coefficient data form 2 — Information required

ISO designation of flow-control device
1 Supplier/manufacturer’s part number of flow-control device
Dated assembly drawing of flow-control device attached
2 Drawing of modified flow-control device attached
3 Maximum effective travel of flow-control device
4 Type of flow measurement device:
Accuracy:
Upstream pressure measurement device:
Accuracy:
5 Downstream pressure measurement device:
Accuracy:
Differential pressure measurement device:
Accuracy:
6 Upstream temperature measurement device:
Accuracy:
7 Stem travel
8 Coefficient A of best-fit straight line:
Coefficient B:
9 Graph showing data points and best-fit straight line
10 Flow coefficient, C,,
11 Pressure drop ratio factor, Py .
12 Graph of flow coefficient vs stem travel
13 Graph of pressure drop ratio factor vs stem trayél
Test no Upstream Downstream Differential Upstream Flowrate
pressure pressure pressure temperature
1
2
3
4
5
6
7
8
9
10
Calqulation"iumber Pressure ratio Fy xC, +5 % limit —5 % limit
RP
11
12
13
14
15
16
17
18
19
20

Figure H.9 — Flow coefficient data form 2
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H.12.2 Flow performance test documentation

This subclause defines the required flow performance test documentation. The following information shall be
recorded.

a) Record the valve description, including the supplier/manufacturer's name and an assembly or part
number designation for the tested flow-control device. Include the version number of the flow-control
device or date of manufacture.

b) Record the stem, seat, and bellows dimensions, including the effective bellows area, port ID, stem-tip
description and seat-bevel configuration.

c) |Record the valve specifications, including the ratio of stem-seat contact area to effective bellows areas
(Ag/Ap).

d) |Define a profile of equivalent flow area versus stem travel as a curve representing equivalent flow area
versus stem travel on the basis of the surface area of the frustum of a right circular cone for the stem and
seat geometry from zero stem travel to a maximum equivalent flow area equalto the port areal This curve
defines the fully open stem travel. Figure H.10 is an example of the equivalent flow area Jersus stem
travel, for port sizes expressed in inches.

e) |The test rack set pressure of the valve shall be defined in pounds per square inch gauggq at 15,5 °C
(60 °F). The valve set pressure may be the P, or P, as designated by the supplier/manufactyrer.

f) |A probe test of the valve as defined in Annex H shall be.performed and a copy of the dynamic test data
form 1 (Figure H.4) included with the documentation.
YA -©-4 -5 —~—0B

103((0,16)

90|(0,14) %
77/(0,12)

65/(0,10) /

52((0,08) /

39((0,06) O’Q:j:@%

26((0,04)
13((0,02) —
aoion " | | | | | | -
010) >
0 1,27 2,54 3,81 5,1
0) (0,05) (0,05) (0,15) (0,2) X
Key

X  stem travel, expressed in millimetres (inches)
Y test pressure, expressed in gauge kilopascals (pounds per square inch gauge)

1 port size: 7,9 mm (5/16 in) 4 port size: 3,2 mm (1/8 in)
2 portsize: 11,11 mm (7/16 in) 5 port size: 9,5 mm (3/8 in)
3  port size: 4,8 mm (3/16 in) 6  portsize: 6,4 mm (1/4 in)

Figure H.10 — Example of equivalent flow area vs stem travel
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Annex |
(normative)

Back-check testing

1.1 General

The followi
may be tes
flow-control
tight shut-o

There are f
succeeding
function, hyj
mating
The b4
can ac
directid
The ag
to caus
normal
The er

of flow
functio

.2 Requi

.21 Red

1.2.1.1

The test reg

L

device. They are not designed nor intended to be a part of the safety system, norjto“provige a

g tests are defined for reverse flow or back-check valves in flow-control devices. Thes€"\val
d as a subassembly. These devices are designed and intended to prevent reverse flow throu

f pressure safety seal.
bur types of tests to be performed to fully qualify a back-check for use in a gasilift installation. B

draulic integrity, activation and erosion.

The me¢chanical function test (Clause 1.4) ensures that the check dart or closing mechanism is capab

with the seating surface and unseating without human intervention.

as a reverse flow check when subjected to hydraulic or’gas pressures applied from the rev
n of normal flow.
tivation test (Clause |.7 and Clause 1.8) determines the minimum amount of reverse flow requ
e the closing mechanism to activate and impede the flow of fluid from the reverse directio
flow.
psion test (Clause 1.9) subjects the bagk=check mechanism to hydraulic flow in the normal direg

(as in the unloading process of a gas-lift well) and determines the ability of the back-cheg
N as originally intended.

rements for design validation

uirements for design validation, grade V3

General

uirements for design validation, grade V3, shall be as described in 1.2.1.2 to 1.2.1.5.

1.2.1.2

This test sh

1.21.3

Number of test specimens

ves
gh a

ach

test further qualifies the back-check as a reverse-flow device. The four tests are: mechanical

e of

ckflow integrity test (Clause 1.5 with water and Clause 1.6.with gas) ensures that the back-check

prse

ired
n of

tion
k to

all be conducted on a minimum of seven flow-control devices of each type.

Test procedure

The following test procedure shall be performed to satisfy the design validation requirement.

a) A mechanical function test shall be conducted in accordance with Clause |.4.

b) A backflow integrity test shall be conducted at maximum rated pressure in accordance with Clause 1.5.

80
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.2.1.4  Acceptance criteria

Acceptance criteria are as follows.

a)

b)

Acceptance criteria for the mechanical function test are defined in Clause 1.4.

Acceptance criteria for the backflow integrity test are defined in Clause I.5.

1.2.1.5 Documentation

Record the results of each mechanical function testing and the results of each backflow integrity test. (See 7.2

for dlesign validation documentation requirements.)

1.2

1.2.2
The
1.2.2
Thig

1.2.2

1.2.2

Acc
liqu
spri
in G

P Requirements for design validation, grade V2

| General

test requirements for design validation, grade V2, shall be as described in 1.2.2.2 to 1.2.2.5.

.2 Number of test specimens

test shall be conducted on a minimum of seven flow-control devices of each type.

.3  Test procedure

following test shall be performed to satisfy the designalidation requirement.
Meet all test requirements for design validation,.grade V3.
A backflow integrity test using gas shall be_performed in accordance with Clause 1.6.

The minimum liquid flow rate and differential-pressure activation test shall be performed in
with Clause I.7.

For spring-loaded back-check:valves, determine the pressure differential required to open
accordance with Clause 1.8:

For both flow-activatedhand spring-loaded check valves, ensure that the check dart does not
valve seat. Do this bysrepeating the mechanical function test defined in Clause 1.4 after the ab

.4  Acceptance criteria

eptance . €riteria for the backflow integrity test using gas are defined in Clause 1.6, those for th
d flow fate and differential-pressure activation test using gas are defined in Clause 1.7, those
ng-léaded back-check valves are defined in Clause 1.8, and those for the back-check dart test
lause 1.4.

accordance

he valve in

stick to the
pve tests.

e minimum
for tests of
are defined

1.2.2.5 Documentation

Record the results for each

a) backflow integrity test,

b) minimum liquid flow rate and differential-pressure activation test,
c) test of spring-loaded back-check valves,

d) repetition of mechanical function rest.

NOTE See 7.2 for design validation documentation requirements.
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.2.3 Requirements for design validation, grade V1

1231 G

eneral

The test requirements for design validation, grade V1, shall be as described in 1.2.3.2 to 1.2.3.5.

1.23.2 N

umber of test specimens

The requirements for test specimens are as follows.

the supplier/manufacturer’s written test procedures. If one or more devices fail, the test fails.

shall meet the test requirements specified in the supplier/manufacturer’s written test procedures. If on

For acteptance.of the back-check erosion test, the back-check shall maintain at least 90 % of
differential pressure required to activate it after a 10 min time span; if not, the backflow check failg
erosior) test:

of the original seven test devices fails the test, an additional seven devices shall be selected
re test process shall be performed on the new devices.

k-check erosion test shall be conducted on one flow-control device.

st procedure
g shall be accomplished to satisfy the design validation requirement.
| test requirements for design validation, grade V2.

the backflow integrity test defined in Clause 1.5 at the maximum rated temperature *8 % of
ntrol device. The test shall be conducted at a low differential pressure of (689 + 34,5)

5) psi].

Ct the minimum liquid flow rate and differential pressure activation test defined in Clause 1.7 at
r/manufacturer’s rated pressure +8 % .

bt a back-check erosion test as defined in Clause 1.9 on one flow-control device.

cceptance criteria
criteria are as follows.

eptance of the backflow integrity test, each test result shall meet the test requirements specifig

ceptance of the minimum liquid flow rate and differential-pressure activation test, each test r¢

evices fail, the‘test fails.

the
kPa

the

din

sult
e or

the
the

a) This te
device
the ent

b) The ba

1233 T

The followin

a) Meeta

b) Repea
flow-cg
[(100 H

c) Condu
supplig

d) Condu

1.23.4 A

Acceptanceg

a) Forac

b) For ac
more d

c)

1.2.3.5

Documentation

Record the results of each. (See 7.2 for design validation documentation requirements.)

For the backflow integrity test, record the minimum liquid flow rate and differential-pressure activation test and
back-check erosion test.
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1.3 Requirements for product functional testing
.3.1 Requirements for product functional testing, grade F3

1.3.1.1 General

The test requirements for product functional testing, grade F3, shall be as defined in 1.3.1.2 to 1.3.1.5.

1.3.1.2  Number of test specimens

Thig test shall be performed on 100 % of any job lot.

1.3.1.3 Test procedure
Thefollowing test shall be performed to satisfy the design validation and functional testirequirements.
a) |A mechanical function test as defined in Clause 1.4 shall be performed.

b) [A nitrogen gas (N,) back-check leak test in accordance with Clause |.6-shall be conducted.

1.3.1.4 Acceptance criteria

The] acceptance criteria are as follows.
a) |For acceptance of the mechanical function test, thegcheck dart shall move freely from the ppen to the
closed position and from the closed to the open position without human intervention. If the chgck dart fails
to move as required, the test fails.
b) [For acceptance of the N, back-check leak.test, the leak rate shall not exceed 1 SCMD (35 SCFD) with a

(689 + 69) kPa [(100 + 10) psi] differentiakpressure across the reverse-flow valve. If the leak rate exceeds
this amount, the test fails.

1.3.1.5 Documentation
The| following items are required-as documentation:
a) |recorded results of gach test (see 7.2 for design validation documentation requirements);

b) |description of the mechanical function test and N, back-check leak test.

I.3.2 Requirements for product functional testing, grade F2

The| test.requirements for product functional testing, grade F2, shall be the same as for produgt functional
grage ES.

1.3.3 Requirements for product functional testing, grade F1

1.3.3.1 General

The test requirements for product functional testing, grade F1, shall be as defined in 1.3.3.2 to 1.3.3.5.

1.3.3.2  Number of test specimens

This test shall be performed on 100 % of any job lot.
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1.3.3.3 Test procedure
The following test shall be performed to satisfy the functional test requirement.
a) Meet all product functional testing test requirements for product functional testing, grade F3.

b) The minimum and maximum back-check activation rates/pressures shall be determined as defined in
Clause I.7.

1.3.3.4  Acceptance criteria

For acceptdance of the minimum and maximum back-check activation rates/pressures test, these values ghall
be within the supplier/manufacturers’ specified tolerance.

1.3.3.5 Diocumentation

Record the minimum and maximum back-check activation rates and pressuresAand the additipnal
documentation that is required. (See 7.2 for design validation documentation requirements.)

1.4 Mechanical function test

.41 General
Two types pf back-checks are commonly used in flow-control devices: spring-loaded darts and hydrauli¢ally

activated darts. Spring-activated darts are held against the seat’by a spring. Hydraulically activated darts
require flow to seat the dart. The mechanical test for each is explained in 1.4.2 and 1.4.3, respectively.

.4.2 Sprjng-activated darts

1.4.2.1 General

This dart agtivation method is used for chemical injection valves. This type of back-check valve is normally
closed.

1.4.2.2 Test procedure
The following shall be performed-to satisfy the mechanical function test requirements for spring-activated darts.

a) The flgw-control device shall be tested in a test fixture similar to the fixture used for open and close
pressufe tests (see¢Figure J.1).

b) The hydraulic~pressure acting on the bellows shall be increased to the activation pressure of the flow-
control|device.

c) The flow of the hydraulic test fluid shall be evident at the outlet of the flow-control device.

d) The pressure acting on the bellows shall be reduced to atmospheric and a visual inspection of the dart
should indicate seating of the dart.

1.4.2.3 Acceptance criteria
For acceptance of the mechanical function test, the check dart shall move freely from the open to the closed

position and from the closed to the open position without human intervention. If any device fails to move as
required, the test fails.
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1.4.3 Hydraulically activated darts

1.4.3.1 General

This back-check valve is normally open. Some hydraulically activated darts have weak springs that hold the
dart close to the seat. This minimizes the reverse flow necessary to activate the back-check valve. All flow-
control devices that require reverse flow for activation are tested as specified in 1.4.3.2.

1.4.3.2 Test procedure

Therfottowinmg—stratt—beperformed—to—satisfy theTmechanicat—fonctiomtestTequirerments—for hydraulically
actiyated darts.

a) |Hold the flow-control device in the normal manner in which it is positioned in the side-poeket mandrel.

b) |Visually inspect the outlet of the flow-control device and verify that the chéck’dart is logated in its
lowermost position.

c) |Invert the flow-control device and visually inspect that the check dart has properly mated with| the sealing
surface.

1.4.3.3 Acceptance criteria

Acckptance criteria are as follows.
a) |For acceptance of the mechanical function test, theccheck dart shall move freely from the ppen to the
closed position and from the closed to the open pasition without human intervention. If any dgvice fails to
move as required, the test fails.
b) |For acceptance of the repeat mechanical function test required in 1.2.2.3, the check dart shall move freely

from the open to the closed position andfrom the closed to the open position without human intervention.
If one or more devices fail to move astequired, the test fails.

1.5 |Backflow integrity test

1.56.1 Test procedure
Thel following shall bé-performed to satisfy the backflow integrity test requirements.

a) |Apply hydraulic pressure to the reverse-flow or back-check valve of the flow-control deyice, in the
oppositeldirection to normal flow through the device.

b) |Test to the supplier/manufacturer's maximum rated pressure +100 % .

c) Hold the pressure for a minimum of 1 min.

d) For flow-activated reverse-flow check valves, ensure that the reverse-flow check does not stick to the
primary/secondary seal after completion of the backflow integrity test.

1.56.2 Acceptance criteria

For acceptance of the backflow integrity test, each test result shall meet the test requirements specified in the
supplier/manufacturer’s written test procedures. As a minimum, the device shall exhibit no pressure drop over
the 1 min period.
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1.6 Gas test

1.6.1 Test procedure

The following shall be performed to satisfy the gas test requirements.

a) Apply air, nitrogen, helium or another compressed gas at (689 + 34,5) kPa [(100 £ 10) psi] differential
pressure to the reverse-flow or back-check valve of the flow-control device, in the opposite direction to

normal

b) Testin

flow through the device.

raccordance withthesupptier/manufacturer'swritterrspecificatiornTs:

1.6.2 Acdeptance criteria

The accept

a) Forac

hnce criteria are as follows.

teptance of the backflow integrity test using gas, each test result shall meet the test requirem

specifi¢d in the supplier/manufacturer’s written test procedures.

b) The led

For safety
testing.

1.7 Flow {

.71 Gern

The purpog
reverse-floy

1.7.2 Tes
The followin
a) Condu
b) This tg
device
c) Them
check

k rate shall not exceed 1 SCMD (35 SCFD).

considerations, non-flammable gases, such as the ones suggested, shall be used for all v

est for flow-activated reverse-flow or back-check activation

eral

e of this test is to determine the minimum hydrostatic flow rate needed to activate (close)
or back-check valve for flow-activated\valves.

t procedure
g shall be performed to satisfy the flow-activated reverse-flow/back-check activation requirems
ct a flow test, in the direction opposite to normal flow through the flow-control device.

st may be condueted on an assembled flow-control device or on a disassembled flow-co
with the necessary components for the reverse-flow or back-check assembly.

nimum_flow rate and differential pressure that are necessary to close the reverse-flow or b
alve shall be within the supplier/manufacturers written specification limits.

ents

alve

—

he

nts.

htrol

ack-

1.7.3 ACbcptallbc criteria

For acceptance of the minimum liquid flow rate and differential-pressure activation test, each test result shall
meet the test requirements specified in the supplier/manufacturer’s written test procedures.

1.8 Pressure differential test for spring-loaded reverse-flow or back-check activation

1.8.1 General

The purpose of this test is to determine the minimum differential pressure needed to activate (open) the
reverse-flow or back-check valve for normally closed spring-loaded back-check valves.
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1.8.2 Test procedure

The following shall be performed to satisfy the spring-loaded reverse-flow/back-check activation requirements.

This test is conducted in the direction of normal flow through the flow-control device.

This test may be conducted on an assembled flow-control device or on a disassembled flow-control

device with the necessary components for the reverse flow or back-check assembly.

The minimum differential pressure that is necessary to open the reverse-flow or back-check valve shall be

within the supplier/manufacturer's written specification limits.

1.8.3 Acceptance criteria

For
be

1.9

1.9.

The)
sub

Refi

acceptance of the test of spring-loaded back-check valves, the pressure differential tolopen the
vithin the supplier/manufacturer's specified tolerances.

Erosion testing of reverse-flow check

| General

purpose of this test is to determine the ability of the reverse-flow check to function properly
ected to an erosive flow.

.2 Test procedure

pr to Annex L for erosion test methods and acceptance criteria.
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J.1

J.1.1

Annex J
(normative)

Opening and closing pressure testing

Testing

Pufpose

The following tests shall be successfully performed to determine the flow-control device opening,and clo
pressures. These tests verify that the mechanical performance of the flow-control device is consistent with
theoretical g¢alculated performance parameters as determined by the supplier/manufacturef,

J.1.2 Gehperal

J.1.21

Defining tests

The open @nd close test requirements for design validation grades VV3,"V2 and V1 shall be as defing|
J.1.2.2to JK.5.

J.1.2.2 Number of test specimens

This test slhall be conducted on a minimum of seven flowacontrol devices of each type. If more than
device of the original seven test devices fails the test, annadditional seven devices shall be selected and
entire test grocess shall be performed on the new devices.

J.1.2.3 Tpest procedure

The following shall be performed for opening and closing pressure requirements.

a) Condugt the open and close préssure tests as specified in J.4.4 and J.4.5; sample test apparatus
shown [in Figures J.1 and J.2 -€onduct the tests a minimum of five times.

b) Calculgte the Ry value_according to Equation (J.1) using the measured open and close press
determjned in J.4.4 and J.4.5:

where

88

Rt ;= onT_Pch
i Pch

5ing
the

d in

one
the

are

res

J.1)

veT
equal to the upstream pressure and near zero gas flow rate, at a known temperature;

voT

is the measured or calculated upstream gauge pressure when the downstream pressure is

is the measured or calculated gauge pressure applied over the area, (4, — 4g), required to

initiate flow through a flow-control device with zero gauge pressure downstream, at a known

temperature.
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J.1.2.4 Acceptance criteria

Acceptance criteria are as follows.

blished Ryt

J.2)

in square

a) For acceptance of the calculated R value using the measured open and close pressures, the calculated
Ryef value of each test shall be within + 5 % of the average of all test results.
b) The calculated Ry value based on the measured pressures shall be within +5 % of the pu
value that is based on the mechanical dimensions, as given in Equation (J.2):
( 4./
4y
Ret =| —
1- /
4y
where
Ay effective bellows area, expressed in square centimetres (square inches);
Ag area based on the diameter where the stem contacts)the seat, expressed
centimetres (square inches).
J.1.2.5 Documentation
The| following specific additional documentation is required.(See 7.2 for design validation dog

requirements.) Record the Ry value calculated from measured pressures and the Ry value calg

the

J.2

J.2

The)
J.2.

J.2
Thig

J.2

Con

mechanical dimensions.

Open test requirements for product functional testing

1 Defining tests

open test requirements for product functional testing, grades F3, F2 and F1, shall be as defing
D.

2 Number of test(specimens

test shall be conducted on 100 % of any job lot.

3 Testprocedure

duct an-open test at a “known” opening pressure, as defined in J.4.4.

umentation
ulated from

dinJ.2.2to

J.2

.4—Acceptance criterta

For acceptance of the open test, the flow-control device shall open with 5 % of the known opening pressure.

J.2.5 Documentation

Record the test rack opening pressure, Py, value.

© 1SO 2007 — All rights reserved
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J.3 Close test requirements for product functional testing
J.3.1 Requirements for product functional testing, grade F3

J.3.1.1  General

The close test requirements for product functional testing, grade F3, shall be as given in J.3.1.2 to J.3.1.5.

This test is only required for type VII flow-control devices.

J.3.1.2 Number of test specimens

This test shall be conducted on 100 % of any job lot.

J.3.1.3 Tpst procedure

The following test shall be performed to satisfy the close test requirements.

a) Send 4 “close” signal to the flow-control device and verify that the device closes

b) Condug¢t a leakage rate test (see Clause N.4) to verify that the flow device i$.fully closed.

J.3.1.4 Akceptance criteria

If the flow rate through the flow-control device is greater than 1 SCMD,(35 SCFD), the test has failed.

J.3.1.5 Dlocumentation

Record the [flow rate through the flow-control device.
J.3.2 Refuirements for product functionaltesting, grade F2

J.3.2.1  General

The close tgst requirements for productfunctional testing, grade F2, shall be as defined in J.3.2.2 to J.3.2.

J.3.2.2 Number of test specimens

This test sHall be conducted.on 5 % of any job lot or three flow-control devices, whichever is greater. If g |

lot consists|of one or twodévices, all devices shall be tested.

J.3.2.3 Tpst procedure

This test shall-be conducted as follows.

T

a) Open the flow-control device.
b) Close the downstream port on the flow-control device.

c) Increase the upstream pressure to above the P, of the device.

d) Equalize the upstream and downstream pressures.
e) Bleed the downstream pressure slowly until the flow-control device closes.

f)  Measure the closing pressure at P,
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J.3.2.4 Acceptance criteria

The closing activation point shall be within 5 % of the activation point determined from the defined opening
pressure, P, and the R value determined by the design validation test. If it is not, the test fails.

J.3.2.5 Documentation

Record the closing activation point of the flow-control device. (See 7.2 for design validation documentation
requirements.)

J.3[3 Requirements Tor product functional testing grade F1

J.3.8.1 General

The| close test requirements for product functional testing grades F1 and F6 shall be‘as defined |n J.3.3.2 to
J.3.B.5. Note that this test is not required on flow-control device type 1V, dump/kill and'‘water injectipn devices.

J.3.3.2 Number of test specimens

Thig test shall be conducted on 100 % of any job lot.

J.3/4 Test procedure
Theltest shall be conducted as follows.
a) |All close test requirements for product functional testing grade F2 shall be met.

b) |Using the open pressure test results from.©Clause J.2 and the close pressure results from product
functional grade F2, calculate and report the R, value, using Equation (J.3).

PVOTXPVCT (J3)

Pyer

Rier =

J.3.4.1 Acceptance criteria

The| Ry value calculated from the measured pressures shall be within = 5 % of the published R Yalue that is
basgd on the mechanicaldimensions:

A%
Ap
Riet =15
_“'s
! Ab

If it ls-rot—the-testfails-

J.3.4.2 Documentation

Record the Ry value based on the measured pressure and the R value based on the mechanical
dimensions for the flow-control device. (See 7.2 for design validation documentation requirements.)
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J.4 Open and close test procedure

J.4.1 General requirements

The procedure to perform open and close tests is contained in Clause J.4. To perform these tests, a test block
is used. The test blocks can be divided into two basic concepts: the typical donut fixture, and the typical
encapsulated fixture.

When performing these tests, the requirements listed hereafter shall be met.

Hlo

a) FOI’ th < tUOtO, thc ﬂUVV'L;UIItIU: dUV;L;U D:-Idll oA OUt up do dUﬁllUd ill C:GUDC G7
b) The test block calibration pressure measuring device shall be calibrated as defined in 7.4.7.
c) The opening and closing tests shall be performed consecutively in a manner that best maintains the flow-
control|device’s reference temperature.
d) Consegutive cycling and a long test duration can lead to a temperature change and.a flow-control deyvice
calibrafion change.
Separate procedures are provided for injection-pressure-operated (IPO) and-production-pressure-operated
(PPO) flow{control devices. When testing an IPO flow-control device, pressure’is applied to the normal input
port of the glevice. When testing a PPO flow-control device, pressure is_applied to the normal exit port of the
device.
1. B
>~
4
3
2
3
7777 ©
4
|
» '
|82 ]il’/l 5
Key
1 flow-control device
2 donut tester
3  pressure gauge
4 supply line
5 bleed

Figure J.1 — Typical donut test fixture
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A WO N -

J.4

The

c)

-

flow-control device
tester

pressure gauge
supply line

Figure J.2 — Typical encapsulated test fixture

2 Opening test for injection pressure operated flow-control devices
following test shall be performed.

Apply gas pressure to the gas“entrance of the flow-control device. The flow-control device’s €
be obstructed and it shall-be‘exposed to atmospheric pressure.

Apply the pressure slowly so that pressure enters the flow-control device’s inlet ports in a sloy
manner. It is important that pressure increases at a slow, steady rate to ensure that an accur
pressure measurement is obtained. Opening the gas pressure source too quickly can cause t

xit shall not

but steady
ate opening
he pressure

to override_the-opening pressure resulting in a faulty opening pressure reading. The pressurfe rises to a

point at which the flow-control device opens, as indicated by a slow, steady flow (a hissing sd
exiting.the’flow-control device.

The pressure at which this gas flow starts, as indicated by the gas-source test block pressure

und) of gas

-measuring

device—is-tha flow.caontral device s-ohaenina-nressure.
G8HG8—HSHRe+HOW RHe+—-Ge\H S-0pSHRgPHt 8-

J.4.

The

a)

b)

3 Closing test for injection-pressure-operated flow-control devices

following test shall be performed.

Once the flow-control device is in the open position, close the flow-control device’s exit test block control

valve, thus blocking the test flow-control device’s outlet port.

Continue to supply gas through the inlet test block control valve until pressure equalization
pressure equal to, or greater than, the calculated opening pressure.

© 1SO 2007 — All rights reserved
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c)

d)

e)

J.4.4 Opening test for production-pressure operated flow-control devices

The following test shall be performed.

a)

b)

c)

J.4.5 Clgsing test for production-pressure-operated flow-control devices

The following test shall be performed.

a)

b)

c)

d)

94

Close the inlet test block control valve. The inlet and exit pressures within the flow-control device can
equalize and be monitored by both the inlet and exit test block pressure measurement devices.

Slowly open the exit test block control valve to allow a slow, steady flow of gas to the exit. Exhausting the
gas pressure source too quickly can cause the pressure to override the closing pressure, resulting in a
faulty closing pressure reading. As the gas is exhausted from the test fixture, the pressure declines on
both the inlet and exit test block pressure-measuring devices until the flow-control device stem contacts
the seat.

The pressure at which the inlet pressure stops declining and the exit pressure continues to decrease, as
measured by the inlet test block pressure-measuring device, is the flow-control device’s closing pressure.

Apply gas pressure to the gas entrance of the flow-control device. The flow-control dévice’s exit shall not
be obsjructed and it shall be exposed to atmospheric pressure.

Apply the pressure slowly so that pressure enters the flow-control device’s exitports in a slow but stgady
mannef. It is important that pressure increases at a slow, steady rate to ensure that an accurate opehing
pressufe measurement is obtained. Opening the gas pressure source too ‘quickly can cause the pressure
to override the opening pressure, resulting in a faulty opening pressure-reading. The pressure rises [to a
point af which the flow-control device opens, as indicated by a slow,/steady flow (a hissing sound) of|gas
exiting [the flow-control device’s entrance.

The pressure at which this gas flow starts, as indicated by thé gas source test block pressure-measyring
device is the flow-control device’s opening pressure.

Once the flow-control device is in the open position, close the flow-control device’s entrance test bjock
control|valve, thus blocking the test flow-¢ontrol device’s inlet port.

Continjie to supply gas through the exit test block control valve until pressure equalization occurs jat a
pressufe equal to, or greater than, the calculated opening pressure.

Close the exit test block-tcontrol valve. The inlet and exit pressures within the flow-control device |can
equalize and be monitored by both the inlet and exit test block pressure measuring devices.

Slowly|open thelinlet test block control valve to allow a slow, steady flow of gas to the inlet. Exhausting
the gag pressure source too quickly can cause the pressure to override the closing pressure, resultirlg in
a faulty clesing pressure reading. As the gas is exhausted from the test fixture, the pressure decline$ on
both thielinlet and exit test block pressure-measuring devices until the flow-control device stem contacts
the seat.

The pressure at which the exit pressure stops declining and the inlet pressure continues to decrease, as
measured by the exit test block pressure-measuring device, is the flow-control device’s closing pressure.
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Annex K
(normative)

Bellows actuation life cycle testing

K.1 General

Thig annex provides procedures that shall be followed for life-cycle testing of flow-control device\bgllows.

K.2 Requirements for design validation

K.2l1 Requirements for design validation, grades V3 and V2

Thefe are no actuation life cycle test requirements for design validation, gradés V3 and V2.
K.2l2 Requirements for design validation, grade V1

K.2]2.1 General

Thel| actuation life cycle test requirements for design validation, grade V1, shall be as defined in K.2.2.2 to
K.2{2.5. The following shall be successfully achieved:

a) |manufacturer’s defined testing and acceptance criteria;
b) |requirements of Clauses K.3 and K.4 for the intended service life.

NOTE This test is applicable only to bellows-operated flow-control devices.

K.2]2.2 Number of test specimens
Thig test shall be condugted on a minimum of seven flow-control devices of each type. If mofe than one

dev|ce of the original s€ven test devices does not meet the requirements of Clause K.4, an additional seven
devices shall be selecied and the entire test process shall be performed on the new devices.

K.2]2.3 Test procedure

Thig test shall be conducted in accordance with the procedures defined in Clause K.3.

K.212.4’ Performance criteria

Each flow-control device shall be tested until the bellows fails. Failure shall be as defined in Clause K.4.

K.2.2.5 Documentation

The following specific additional documentation is required. (See 7.2 for design validation documentation
requirements.)

a) The results of the test on all seven flow-control devices shall be reported. The average number of cycles

to failure and the standard deviation shall be determined by calculating the average of the seven flow-
control devices tested.
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b)

The minimum number of cycles to failure shall be determined by the flow-control device that failed with

the fewest number of cycles. The number of cycles prior to failure for this flow-control device becomes the
minimum number of cycles to failure.

The maximum number of cycles to failure shall be determined by using the flow-control device that failed

with the greatest number of cycles. The number of cycles prior to failure for this flow-control device
becomes the maximum number of cycles to failure.

K.3

Procedure for bellows actuation life cycle testing

K.3.1 Cyclle test pressures

Determine f
with Annex
These data

K.3.2 Upq

The upper
travel of thg
charge max
of 6 895 kP
cycle test.

he cycle pressures to ensure full open and full close. A probe test and load rate test in‘aeccorda
H shall have previously been conducted at the supplier/manufacturer's maximum-ratéd press
are used to determine the upper and lower test pressures.

er test pressure

est pressure is determined by using the reciprocal of the load rate multiplied by the maximum

flow-control device. The load rate shall be determined based on thésupplier/manufacturer’'s d
imum. This value is then multiplied by 1,25 and added to a flow~Control device dome set pres
A (1 000 psi). This value then becomes the minimum upper pressure that is applied during thg

K.3.3 Lower test pressure

The lower fest pressure is determined by multiplying the-closing pressure of the flow-control device b

tested by O

75. This value then becomes the maximum lower pressure that is applied during the life cycle t

K4 Test measurements

K.4.1 Ger

The items i
the test.

K.4.2 Don

The dome |
of failure of
indicates th
test.

eral

h K4.2 to K.4.5 shall be“monitored and recorded in an electronic data acquisition system dy

he pressure faillre criteria

ressure shall be continuously recorded during the test. This pressure shall be used as an indig
the bellews. A change in the upper or lower dome pressure by more than 25 % of the initial va
at the\bellows of the flow-control device in test have failed and shall be removed from the cyq

nce

otal
bme
sure

life

Bing
est.

ring

ator
ues
ling

K.4.3 Cycle duration recording

The duration of each cycle shall be continuously recorded during the test. The duration of each cycle shall be

a minimum

of 30 s and a maximum of 120 s.

K.4.4 Operating pressure

The operating pressure shall be continuously recorded during the test. The pressure cycles between the
minimum upper test pressure and the maximum lower test pressure.
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.5 Number of cycles

number of cycles until failure shall be recorded.

K.5 Presentation of results

K.5

.1 Average number of cycles to failure and standard deviation

The results on all seven flow-control devices shall be reported. The average number of cycles to failure and

the

K.5
The)

few
min

K.5
The)

the
ma

K.6

K.6

The)
eac
acq

K.6

The]
min
both

Standard deviation shall be determined by calculating the average ot the seven tlow-control de

L2 Minimum number of cycles to failure
minimum number of cycles to failure shall be determined by the flow-control device that fai

pst number of cycles. The number of cycles prior to failure for this flow-control device b¢
mum number of cycles to failure.

L3 Maximum number of cycles to failure
maximum number of cycles to failure shall be determined by using-the flow-control device thg

greatest number of cycles. The number of cycles prior to faildre for this flow-control device b
imum number of cycles to failure.

Test fixture

.11 Data recording

test fixture shall allow for data recording~of the dome pressure, the operating pressure, the
h cycle and the number of cycles to.fdilure. These data shall be recorded directly using an ele
hisition system.

L2 Application of operating pressure

operating pressure shall be cyclically applied by the use of hydraulic pressure within the r
mum operating pressure to the maximum operating pressure. The operating pressure shall
above and below the seat simultaneously.

Vices tested.

ed with the
pcomes the

t failed with
ecomes the

duration of
ctronic data

ange of the
be applied
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Annex L
(normative)

Erosion testing requirements

L.1 General

L.1.1 Ero

This annex

devices. Since erosion testing is a destructive test, it is required only for design validation.

L.1.2 Ero

The liquid 1
device port
facilities thg
direction of
occur durin

The erosior

Any method of accomplishing this is acceptable. Upstream of:the reverse-flow check, a flow rate meter

pressure-m
accuracy of

L.2 Requirements for design validation

L.2.1 Reo

There are n
L.2.2 Red

L221 G
The erosior

This test is
flow check

sion testing

sion test scope and method

) normal unloading conditions.

defines the requirements, procedures, and acceptance criteria for erosion testing of flow-co

low test is conducted to determine the ability of the reverse-flow check and/or the flow-co
to function properly after being subjected to a potentially erosive liquid flow. This testing requ
t can generate and record a liquid flow rate through the reversée-flow check or device port in
nominal flow. This testing demonstrates that the device can withstand the erosion forces that

testing facility requires a pump that can generate a sustained flow rate of 0,16 m3/min (1 bbl/n

pasuring device are required. The flow rate meter.shall be capable of measuring the flow rate 4
+ 2 % with continuous readings at intervals notiexceeding 10 s per reading.

uirements for design validation, grade V3

0 erosion test requirements for design validation, grade V3.
uirements for design validation, grades V2 and V1

eneral
test reguirements for design validation, grades V2 and V1, shall be as defined below.

hot required if the flow-control device, once opened, is not intended to close and it has no reve

htrol

htrol

ires
the
can

nin).

and
t an

rse-

alve. This pertains, for example, to dump/kill valves

Testing is p

L.2.22 N

erformed in an open system with fresh water and no temperature constraints.

umber of test specimens

Testing shall be conducted on one flow-control device. This test does not establish where the device will fail. It
demonstrates that the device can withstand the erosion forces that can occur during normal unloading

conditions.
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L.2.2.3 Test procedure

Conduct testing as specified in Clauses L.3 and/or L.4, as applicable.

L.2.2.4 Acceptance criteria

For acceptance, the flow-control device shall meet the acceptance criteria defined in Clause N.4.

L.2.2.5 Documentation

—tl 1 il 4 - (o =z 0. ! : [Tt ! P : PR
Re[..UII. UITS TCSUILS UT U1 IESUTTY. (o 7.2 TUI UCSIYTT valllalluTT QUTUTTICTIdUOIT TCYUITTITICTILS. )

L.3] Reverse-flow check erosion test

L.3}]1 General

Thereverse-flow check erosion test is conducted to determine the ability of the reverse flow check to function
properly after being subjected to an erosive liquid flow. This test shall bé-eohducted on one or more of the
flowf-control devices that passed the back-check leak test (see Annex I).

a) |Prior to erosion testing, the reverse-flow check shall be testedto‘determine the ability to impede flow from
the reverse direction. This is accomplished by performing the’ activation test in accordance with Clause 1.7.

b) |The reverse flow check shall be installed in the test. fixture such that flow is initiated through the
reverse-flow check in the direction that allows free flow:

c) |The erosion test shall be conducted by initiatingva flow of fresh water and adjusting the contrpl valves or
the pump such that a steady and continueus flow rate of 0,16 m3/min (1 bbl/min) is adhieved and
maintained.

d) |This flow rate shall be maintained until‘a total of at least 63,6 m3 (400 bbls) of liquid has pas$ed through
the reverse-flow check.

e) |The reverse-flow check shalltbe’tested again to determine the ability to impede flow from fthe reverse
direction. This is accomplished by performing the activation test in accordance with Clause 1.7

f) |Maintain the differentialpressure required to activate the reverse-flow check and record the pressure loss
after a 10 min time Span.

L.3]2 Erosion testing acceptance criteria

If thie reversg-flow check is unable to maintain at least 90 % of the differential pressure required fo activate it
aftef the 10:min time span, the reverse-flow check fails the erosion test.

L.4 Port erosion test

L.4.1 General

The port erosion test is conducted to determine the ability of the flow-control device port/stem seat interface to
function properly after being subjected to an erosive liquid flow. This test shall be conducted on one or more of
the flow-control devices that passed the flow-control device port leak test following the steps below.

a) Prior to erosion testing, the flow-control device port shall be leak-tested in accordance with Clause N.4.

b) The flow-control device shall be installed in the test fixture such that flow is initiated through the port in the
direction that allows free flow.
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c) The erosion test shall be conducted by initiating a flow of fresh water and adjusting the control valves or
the pump such that a steady and continuous flow rate of 0,16 m3/min (1 bbl/min) is achieved and

maintai

ned.

d) This flow rate shall be maintained until a total of at least 63,6 m3 (400 bbls) of liquid has passed through
the flow-control device port.

e) The flow-control device port shall be leak-tested again in accordance with Clause N.4.

L.4.2 Erosion testing acceptance criteria

The flow-co

ntrol device shall meet the acceptance criteria defined in N.4.5.

100
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Annex M
(normative)

Shelf (bellows integrity) testing requirements
for nitrogen-pressure-charged flow-control devices

M.1

The)
inte

M.Z

M.2

M.2

The)
M.2

M.2
This
M.2
The

M.2

The

fails.

M.2

Rep
doc

General

test described in this annex is defined for nitrogen-pressure-charged flow-control devices to de
prity of the pressure-containing element(s).

) Requirements for design validation
.1 Shelf testing requirements

1.1 General

shelf test requirements for design validation grades V3;:V2 and V1 shall be as defined in
1.5.

1.2 Number of test specimens
test shall be conducted on a minimum of seven flow-control devices of each type.
1.3 Test procedure

shelf test shall be conducted as defined in Clause M.3.

1.4 Acceptance criteria

1.5 Documentation

ort the~Opéning pressure at the beginning and conclusion of the test. (See 7.2 for desig
imentation requirements.)

termine the

M.2.1.2 to

opening pressure shall/not change by more than 1 %. If it changes by more than this amouint, the test

n validation

M.3 Requirements for product functional testing

M.3.1 General

Before delivery to the user/purchaser, each pressure-charged flow-control device shall be tested according to

the

procedure as defined in M.3.2.
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