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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL-PROCESS CONTROL VALVES -
Part 4: Inspection and routine testing

FOREWORD

2021

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, comyj
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’jnterna
coloperation on all questions concerning standardization in the electrical and electronic fields. yTo this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

rising
tional
d and
ports,
Their

préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international\use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible for/the“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC NationakCommittees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or fegional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.
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IEC 60534-4 has been prepared by subcommittee 65B: Measurement and control devices, of
IEC technical committee 65: Industrial-process measurement, control and automation. It is an
International Standard.

This fourth edition cancels and replaces the third edition published in 2006. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) remove details about hydrostatic test but state that to be performed according to valve

d
b) in
c) p
d) in
e) e

f) in

The fext of this International Standard is based on the following(documents:

Full i
the 4

The |

This
acco
at w
desc

A list
contn

The
stabi
spec

o reéconfirmed
A A A~ A RERERERAA ]

bsign code;

clude mandatory test for valve packing;

Lt in evidence limits of reduced differential pressure seat leakage test procedure;
troduce details about low temperature seat leakage test;

ktend dimensional range for leakage class VI to less than 25 mm andyover 400 mm
ameter;

clude stroking time tests.

Draft Report on voting

65B/1208/FDIS 656BM211/RVD

bove table.
anguage used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop

vw.iec.ch/members_experis/refdocs. The main document types developed by IEC
ibed in greater detail atwww.iec.ch/standardsdev/publications.

of all parts in the\|EC 60534 series, published under the general title Industrial-prdg
o/ valves, can be found on the IEC website.

ity date~indicated on the IEC website under webstore.iec.ch in the data related t
fic document. At this date, the document will be

seat

hformation on the voting for its approval can_be found in the report on voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

are

cess

ommitteehas decided that the contents of this document will remain unchanged untjl the

b the

° w

ithdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INDUSTRIAL-PROCESS CONTROL VALVES -

Part 4: Inspection and routine testing

1 Scope

This part of IEC 60534 specifies the requirements for the inspection and routine testing of
contrpl valves manufactured in conformity with the other parts of IEC 60534.

This [document is applicable to valves with pressure ratings not exceeding Class 2500] The
requirements for actuators apply only to pneumatic actuators.

This [document does not apply to the types of control valves where radioactive service, fire
safetly testing, or other hazardous service conditions are encountered. If a standarfd for
hazafdous service conflicts with the requirements of this document, thie,standard for hazardous
servige should take precedence.

NOTE| This document can be extended to higher pressure ratings by agreement between the purchaser apd the
manufacturer.

2 Normative references

The following documents are referred to in the textin'such a way that some or all of their content
constitutes requirements of this document. For.dated references, only the edition cited applies.
For pndated references, the latest edition-of the referenced document (including| any
amendments) applies.

IEC 60534 (all parts), Industrial-process control valves
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For thespurposes of this document, the terms and definitions given in the IEC 60534 serie$ and
the f¢llewing apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

bench range

range of pressures to the actuator within which the nominal travel is performed in both
directions, with no pressure in the valve, but including friction forces

Note 1 to entry: The actuator operating range, i.e. when the valve is installed under actual process conditions, will
be different from the bench range.
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3.2

dead band

finite range of values within which reversal of the input variable does not produce any noticeable
change in the output variable (see Figure 1)
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c) Hysteresis with dead band

Figure 1 — Hysteresis and dead band

3.3
dead band error
maximum value of the span of the dead band (over the measuring range)
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3.4

hysteresis

property of a device or instrument whereby it gives different output values in relation to its input
values depending on the directional sequence in which the input values have been applied
(see Figure 1)

3.5

hysteresis error

maximum deviation between the two calibration curves of the measured variable as obtained
by an upscale going traverse and a downscale going traverse over the full range and subtracting
the value of the dead band

3.6
typelinspection and testing
inspgction and testing carried out by the manufacturer in accordance with its own-procedures
to asfsess whether products made by the same manufacturing process meet_the'requirements
of the¢ purchase order

Note 1 to entry: The products inspected and tested need not necessarily be the products actually supplied.

3.7
actual inspection and testing
inspgction and testing carried out, before delivery, according’tor the technical requirements of
the purchase order, on the products to be supplied or on test‘units of which the product supplied
is paft, in order to verify whether these products comply/with the requirements of the purdhase
order

4 Requirements

4.1 General

Each|valve shall be submitted to the mandatory tests specified in Table 1. Supplementary [tests
giver] are subject to agreement between manufacturer and purchaser. An inspection and rofutine
testing check list as specified bwth€ present document is given in Annex B.
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Table 1 — Tests

Test Category Reference

1. Shell hydrostatic test M 4.2 and 5.4

2. Seat leakage test M 4.3 and 5.5

3. Packing test M b 4.4 and 5.6.2

sb 4.4 and 5.6.3

4. Rated valve travel 2 M 4.5 and 5.7

5. ead band @ S 4.6 and 5.8

6. FKlow capacity S 4.7 and IEC 60534223

7. FKlow characteristic S 4.7 and |IEC 60534-2+-4

8. $troking time test S 5.9

M = Mandatory

S = $upplementary

The ghell hydrostatic test shall be performed first for safety reasons. Other tests should be done in the sequence

giverny above.

a8  The results of tests of a valve under static conditions in a factory generally do not correspond to performjance
upder working conditions. This document is intended only to provide guidance for negotiations betweep the
manufacturer and the purchaser relative to tests of a specific valve.

b The packing test shall be performed during the shell hydrostatig tést if packing is installed during that test in
apcordance with 4.4 and 5.6.2. The supplementary packing tes{’¢an also be performed in accordance with 4.4
and 5.6.3 if desired or specified by the customer.

4.2 | Hydrostatic test
All cpntrol valve assemblies, excluding.welded on fittings—(see—5-4-5}, with or withouf the
actugtor fitted, shall be subject to a hydfostatic test-at-the-pressure-stated-in-5-4 as spegified
in 5.4.
4.3 Seat leakage test
The manufacturer shall advijse if the-mirimum achievable leak rate is less than the maxijmum
allowed leak rate. If agreed to by the manufacturer and the user, the actual leak rate and allpwed
leak rate and the copresponding test pressure may be reported on the final certification.
Leakpge shall be'specified by the following code:

X X X

) \ \

teakagectass Festfturd Testprocedure
as shown in Table 3: G: air or nitrogen 1or2
| to VI L: water

Example: II1 L 1

The seat leakage test as described in 5.5 shall be performed on each valve.

These seat leakage provisions do not apply to control valves with rated flow coefficients less

than

the following:

K,=0,086; C,=0,1

\
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Class VIl is intended to apply to resilient seated valves only.

NOTE 1 This part of the standard cannot be used as a basis for predicting leakage when the control valve is installed
under actual operating conditions.

NOTE 2 The actual and allowed leak rates, along with the corresponding test pressure, can also be included in the
test certification upon agreement between the manufacturer and the buyer.

4.4 Packing test

This test, as described in 5.6, applies to the main valve packing. Secondary packing of the
bellows-is may be excluded from this test when it is not under pressure during the hydrostatic
test.

4.5 Rated valve travel test

Travel adjustment of control valves shall be verified by test in the factory as described in p.7.

4.6 Dead band tests

The purpose of the dead band test is to measure the change in opgrating signal requirgd to
prodlice a reversal of stem (or shaft) movement at approximately 25-%, 50 % and 75 % qf the
rated travel of the valve actuator —T—ms4espae—deseﬂbed—m—€>—8—ma%be—pe#e#ned—en—the—+a+ve
pes#eﬂer—)— These tests as descrlbed in 5.8 shall be performed on the assembly as it wiII be
supplied.

4.7 | Additional tests

are dutside the scope of this standard), if required, shall be the subject of agreement between

Add;{onal tests such as flow capacity, flow characteristic, stroking time, hysteresis, etc. (which
the mpanufacturer and the purchaser.

5 Tests procedures

5.1 Measuring instruments
511 General

Perfgrmance of measudring instruments is based on IEC 61298. The installation qf all
instruments shall be capable of meeting the requested accuracy.

5.1.2 Pressure measuring instruments

The gnalogue or digital pressure measuring instruments used in testing shall be of the indicating
or re¢ording type but shall be installed in such a manner that they represent the actual pressure
in the component under test. The measuring equipment shall be capable of measuring the test
pressure with a limit deviation of £5 % of the required test pressure. For dead band testing, the
inaccuracy of the instruments shall not exceed +0,5 % of full range, and the maximum signal
shall be not less than 50 % of the instrument range. The readout of attached digital positioners
can be used for the pressure measurement if the stated accuracy is maintained.

5.1.3 Flow measuring instruments

The accuracy of the instruments used for measuring seat leakage shall be within £10 % of full
scale and shall be used within 20 % to 80 % of the scale range.
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5.1.4

Travel measuring instruments

The accuracy of the instruments used to measure travel shall be within £0,5 % of the rated
travel. Digital positioners may be used for deadband measurements if the repeatability is £0,5 %
or better.

5.1.5

Calibration

It shall be the valve manufacturer's responsibility to maintain the accuracy of the measuring
instruments. Calibration records shall be made available upon request.

5.2

The
desc

a) L
o

b) G

=y

th
5.3

Test

Test medium

est medium-may shall be liquid or gas-at-ambient-temperature, as specified inzeach
iption.

quid: water at a temperature between 5 °C and 50 °C. The water may contain solub
 a-rust corrosion inhibitor.

as: air or nitrogen in clean condition, at a temperature between~5°C and 50 °C. (
Blium gas or nitrogen gas may also be used for low temperatyr&_seat leakage test
e pressure and temperature corrections given in Table 2, foofnpote c.

Test fixtures

fixtures shall not subject the valve to externally applied_stresses that may affect the rg

of the tests.

NOTE|

The test equipment can apply external loads sufficient'to react the forces resulting from the test press

When using different test equipment and procedures to those detailed in this documen

manu
acce

For 4
weld

facturer shall be able to demonstrate the equivalence of its test procedures
btance criteria with the requirementsof this document.

utt welding end valves when _end plugs are used, the seal point shall be as close t
end as practical without over-stressing the weld preparation.

Hydrostatic test

test

le oil

Clean
Ising

sults

ure.

, the
and

b the
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A hyflrostatic shell test shall-be performed according to the valve design code (or stanflard)
and/gr to the applicable localtregulations.

If a jalve is dual pressure rated (inlet rating higher than outlet rating), it may be necessary to
sepafate the high pressure portion of the valve from the low pressure portion with a tempprary
barrig¢r, and testeach portion with its respective test pressure.

by thle hydrostatic test pressure may be temporarily removed. If packing is present durinp the
hydr¢ t&st, it shall be tested during the hydro test in accordance with the procedures given in

ComponentssSuch as bellows, diaphragms, backseats or stem packing which may be damEged
5.6.

Welded-on fittings (nipples, reducers and/or expanders) shall not be considered as part of the
valve assembly and, therefore, need not be included in the hydrostatic test. If it is not practical
to hydrostatically test the valve alone, the valve plus fitting assembly may be tested at the valve
hydrostatic pressure provided the fittings are adequate to sustain the said pressure. If agreed
upon between the manufacturer and the purchaser, the valve may be retested after the fittings
are welded on at a pressure in accordance with the applicable piping specifications.

5.5 Seat leak test
5.5.1 Test medium

The test medium shall meet the requirements of 5.2.
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5.5.2 Actuator adjustments

The actuator shall be adjusted to meet the operating conditions specified. The required closing
thrust or torque, as obtained from air pressure, a spring or other means, shall then be applied.
No allowance or adjustment shall be made to compensate for any difference in seat load
obtained when the test differential is less than the maximum valve operating differential
pressure.

On valve body assemblies made for stock, tested without the actuator, a test fixture shall be
utilized which applies a net seat load not exceeding the manufacturer's normal expected load
under maximum service conditions.

5.5.3 Test procedure
5.5.311 General

The {est medium shall be applied to the normal or specified valve body inlet) The valve |body
outlef shall be open to atmosphere or connected to a low head-loss flow measuring devicg with
its oytlet open to the atmosphere. Provisions shall be made to avoid subjecting the measpring
devide to pressures above the safe operating pressure resulting frotn ihadvertent openipng of
the vplve under test.

When liquid is used, the valve shall be opened and the valvebody assembly filled complgtely,
inclugling the outIet portlon and any downstream connected piping. The valve shall thgn be
closgd. vah , Ckets
shalllbe eI|m|nated from the valve body and piping.

When the leakage flow rate has been stabilised, the rate of flow should be observed oyer-a

suffigient period-of time-to-obtain the period of time that is necessary for obtaining the accliracy
specified in 5.1.3.

The lnaximum allowable seat leakage:ds’ specified for each class shall not exceed the values
in Taple 3 using the test procedure as defined.

The peat leakage test, carriedCout with reduced differential pressure used as given il test
procIdure 1 (5.5.3.2), is us€dto verify the quality of the sealing surfaces and the alignmgnt of
interpal parts, but it cannot be used to verify the mechanical strength and rigidity of parts
required for sealing, ngrican it be used to verify the correct sizing of the actuator fof the
maximum operating differential pressure since the seat load effect is disregarded.

For vjalves produced in a single copy, or when testing prototypes for a new series, it is thergfore
recolnmendedto perform the seat leak test in a manner that tests the whole valve clgsure
strucfure at:the maximum operating differential pressure, using test procedure 2 (5.5.3.3),|or to
adjugt the.actuator thrust by agreement with the purchaser.

5.5.3.2 Test procedure 1

The pressure of the test medium shall be between 300 kPa and 400 kPa (3 bar and 4 bar) gauge
or within £5 % of the maximum operating differential pressure specified by the purchaser if it is
below 350 kPa (3,5 bar). See Table 3 for guidance on what fluid should be used.

5.5.3.3 Test procedure 2

The test differential pressure shall be within £5 % of the maximum operating differential
pressure across the valve as specified by the purchaser.
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5.5.4 Leakage specifications

Leakage classes, test mediums, test procedures and maximum seat leakages shall be specified
to be in accordance with Table 3.

See Annex A for example calculations of rated valve capacity and allowable seat leakage.

Table 2 - Maximum seat leakage for each leakage class

Leakageclass Test-medium Test Maximum-seatleakage (note4)
precodure
} As agreed between purchaser and manufacturer
H Lor G + 5-x10"3 xrated-valvecapacity{note1)
H LorG + 107% .« rated-valve capascity (rote 1)
V2 L 1or2 10~*xrated-valve-capacity
G L 10« rated-valve capasity{note AL}
L 1or2
G 1
L 2

NOTE 1 Eor the conversion of the comnressible~fluid volumetric flow rate use standard conditions whic s an

NOHE—F O tHe—CoRVersioRn—o+—me—Ccompfressitje i vortHmetHc—+HoWtate;uSse—StahRGara—ConRGHICRAS— WG S

absolule nressure of 1 013 25 mhar and 15 8 °GNar¥ normal conditions which is an aheoliite nressure of 1013 26 mhar
1Sai o oto 2o MbaFahRa—o; erhormal—-coRaHoRSY CAHS3aRabSot pPressSureo+1ovi5;
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10.8 x 10=6-x((py — 101)/350) x (p4/552 + 0.2) x D-where p,-is the inlet pressure in kPa absolute.

Leakage class Test medium Test Maximum seat leakage
procedure
| As agreed between the purchaser and the manufacturer
Il LorG 1 5 x 1073 x rated valve capacity 2
1 LorG 1 1073 x rated valve capacity 2
1% L 1or2 1074 x rated valve capacity
G 1 1074 x rated valve capacity 2
IV-S L 1or2 5 x 107% x rated capacity
G 1 5 x 107® x rated capacity 2
\% L 2 1,8 x 1077 x Ap [kPa] x DN7h
(1,8 x 1075 x Ap [bar]%p) @
G 1 10,8 x 1076 x D Nm3/h ©
11,1 x 1076 x D\gtd’m3/h ©
Vi G 1 3 x 1073 x Al JkPa] x leakage rate factor P
(seelnote 2) (0,3 x ApYbar] x leakage rate factor) °

D is fhe seat diameter (mm); L = liquid; G = gas

2  Hor the conversion of the compressible fluid volumetriciflew rate, use standard conditions, which is an absplute
ressure of 1 013,25 mbar and 15,6 °C, or normal conpditions, which is an absolute pressure of 1 013,25 mbar
nd 0 °C.

DT

b Lleakage rate factors for Class VI:

Seat diameter Allowable leakage rate factor
mm ml/min Bubbles/min
<25 0,15 1
40 0,30 2

50 0,45 3
65 0,60 4
80 0,90 6
100 1,70 11
150 4,00 27
200 6,75 45
250 11.1 —
300 16,0 -
350 21,6 -

2400 0,071-Seat diameter - d
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The number of bubbles per minute as tabulated is a suggested alternative based on a suitable calibrated
measuring device, in this case a 6 mm tube (outer diameter; wall thickness 1 mm) submerged in water to a
depth of between 5 mm and 10 mm. The tube end should be cut square and smooth with no chamfers or burrs,
and the tube axis should be perpendicular to the surface of the water.

If the valve seat diameter differs by more than 2 mm from one of the values listed, the leakage rate may be
obtained by interpolation, assuming that the leakage rate varies as the square of the seat diameter.

The maximum seat leakage in the table refers to air/nitrogen at the test procedure 1 conditions. If different
test pressures are required, e.g. test procedure 2, subject to agreement between the user and manufacturer,
then the maximum allowable leakage flow rate in Nm3/h with air or nitrogen as the test medium shall be:

10,8 x 1076 x ((p4y = 101)/350) x (p,/552 + 0,2) x D where p4 is the inlet pressure in kPa absolute.

£ 108 x 1076 (( 1 04V/3 5 x (pn /552 + 02\ x Dwhen n.isin bar ahsaolute
ARvany | T AL 7 T

the case of other gases, like Helium or Nitrogen, with different inlet pressure and inlet tempe@, the
maximum allowable leakage flow rate in Nm3/h shall be:

=

10,8 x 1076 x ((pq —101)/350) x (p,/552 + 0,2) x D x (288,15/T,) * (115;/1gas) (1:\
here p, is the inlet pressure in kPa absolute .(19

Qr, 10,8 x 1076 ((p, — 1,01)/3,5) x (p,/5,52 + 0,2) X D x (288,15/T,) X (15, /Mss) %

here p, is in bar absolute in bar absolute, QD

=

1}, the inlet temperature of the gas in K, 7,;. the dynamic viscosity of air ab88.15 K and 74, the dynamic
scosity of the test gas at 7.

Tlhese conversions assume laminar flow and are only valid with atr‘\&)heric outlet pressure. They shall not
be used to predict flow rates under actual operating conditions.
Hor seat diameters 400 mm and over the maximum seat | @e for leakage class VI is about 40 % of the

maximum seat leakage for leakage class V, test procedui

\Y
RN
. 7
5.6 | Packing test \*'Q
5.6.1 General . Q)$
Q\

This fest can be performed at the g% e time as the hydrostatic test, per 5.6.2, or the seaf leak
test, |as per 5.6.3. Procedure A\é' .2, is the procedure that shall be used unless othefwise
specffied by purchaser or m cturer. If the control valve shall be subjected to prodyction

acceptance testing on fugiﬁ/)e emissions (such as ISO 15848-2), the packing test cgn be

waived. @ .

5.6.

5.6.
The

MANDATORY@king test performed during hydrostatic test)

2 Procedure@

211 Cﬁcking tightening

_Ligﬁinq shall be tightened to the recommended procedure from the manufaciurer.

Tightening of the packing shall not be modified after the packing test. Rated travel and dead

ban

5.6.
The

5.6.

d tests as per 4.5 and 4.6 shall be completed without modification to the packing tightness.

2.2 Test medium

test medium shall be liquid, in accordance with 5.2 a).

2.3 Test pressure

The test pressure shall be set according to the valve design code. If there is any visible leakage

duri

ng the test, the pressure may be reduced to 1,1 times the allowable operating pressure at

room temperature, and leakage rechecked.
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5.6.2.4 Test procedure

Follow the procedure of the selected valve design code; while pressurized, visually check for
leakage through the packing.

5.6.2.5 Acceptance criteria

There can be no visible leakage through the packing.

5.6.3 Procedure B

SUPPLEMENTARY (WhiTh canm be done during seat teak testor by itsetfy——————

5.6.3|1 Packing tightening

The [packing shall be tightened to the recommended procedure from the\ manufaciurer.
Tighflening of the packing shall not be modified until rated travel and dead band,tests as par 4.5
and 4.6 have been completed.

5.6.3.2 Test medium

The fest medium shall be gas, in accordance with 5.2 b).

5.6.3/.3 Test pressure

The gas pressure inside the valve shall be between. 300 kPa and 400 kPa (3 bar and 4 bar)
gauge or within 5 % of the maximum operating préssure specified by the purchaser if it is
below 350 kPa (3,5 bar) (or refer to 5.5.3.2). Testprocedure:

e Pressurize the valve with the test medium:
e Sfroke the valve through the completetvalve travel at least two times.

e Check the packing tightness before,*and after the stroking.
5.6.3.4 Acceptance criteria

No visible leakage shall occlrjat the packing, using leak detection fluid or immersing the yalve
in water.

5.7 Rated valve travel test
5.7.1 General

Ratefl valventravel tests are to be performed on the control valve (with its actuator) without
intermal pressure and with packing tightened to withstand-5-4-4-anrd-5-6-1+ 5.6.2.1.

5.7.2 Control valves with positioners

Control valves with positioners shall start to open (or close) when an input signal between 0 %
and 3 % of span is added to the lower value of the signal range. They shall be fully open (or
closed) when a signal between 97 % and 100 % of the signal range is applied.

For multirange applications, use 6 % instead of 3 %, and 94 % instead of 97 %.

NOTE For digital positioners, these values are optional because they can be programmed.
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5.7.3 Control valves with spring-opposed actuators without positioners

a) Control valves which open with increasing signal shall reach 100 % of travel when the upper
limit of the bench range is applied and shall be fully closed when the lower limit of the bench
range is applied.

b) Control valves which close with increasing signal shall reach 100 % of travel when the lower
limit of the bench range is applied and shall be fully closed when the upper limit of the bench
range is applied.

NoTE-Because of hysteresis, dead band and manufacturing tolerances (spring, diaphragm area,
etc.), there-may can be a difference between the specified bench range and its in service values.
Verificati ' ' i i lled.
The lower value of the bench range for a control valve, which opens with increasing actuator
presgure, and the upper value of the bench range for a control valve, which opepns| with
decr¢asing actuator pressure, affect the shutoff capability of the valve and should be ¢the¢ked.

5.7.4 Control valves with double-acting actuators without positioners

The fest is carried out without a positioner. Control valves shall reach 100,% of travel whep the
specified air pressure is supplied to one of the two chambers and shall be fully closed whejn the
specified air pressure is supplied to the other chamber. During the test, the non-pressurised
chanjber of the actuator shall be exhausted to the atmosphere.

5.8 Dead band tests
5.8.1 General

Dead band tests are to be performed on the control valve (with its actuator) without internal
presgure and with packing tightened according t0-§:4-4-and-5-6-14 5.6.2.1.

5.8.2 Test equipment
5.8.211 Test equipment for manually recorded test

The stem (or shaft) movement is detected by a dial indicator. Pneumatic signals are meagured
by a )manometer (water or mercury) or a sensitive test type pressure gauge. Electrical signals
are measured by a test meter'aef adequate range and sensitivity.

5.8.2.2 Test equipment for automatically recorded test

The gtem (or shaft) movement and the operating signal are continually recorded by an analogue
X-Y plotter capable ‘of measuring the full range of the travel and the operating signal. This is
used|in conjufction with a displacement to voltage converter and a pressure or currgnt to
voltape converter. Valve diagnostic instruments, including digital valve positioners,| that
incorporatethese features may also be used for this test.

5.8.3— Testprocedure

5.8.3.1 Test procedure for valves with spring-opposed actuators

Starting with the valve actuator at one end of the travel (0 % or 100 %), the operating signal is
varied until the stem (or shaft) has moved to 25 % of the rated travel. The signal is held at this
point and its value (A) recorded. The signal is then slowly reversed until the stem (or shaft)
starts to move in the reverse direction. The value (B) of the operating signal at the
commencement of this reverse movement is recorded. Similar readings are taken and recorded
at 50 % and 75 % of the rated travel.

The dead band x at each of the reference points is the change in operating signal applied to
produce the reverse movement of the stem (or shaft). Dead band x is expressed as a percentage
of the full span of the operating signal as given by the following equation:
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[
[
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S

The

dead|band test at the manufacturer's option if the testing and data recording meet«he 4
requirements from the dead band portion of the testing. Refer to Figure 1c.

5.8.

For
that

subjdct to agreement between the manufacturer and the purchaser(ln this case, the differ
betwgen the air pressure in the two chambers shall be recorded.

5.8.

See
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|4 - 5

a->b

x= x100 %
re

s the dead band;

s the signal recorded at termination of travel;

s the signal required to cause reverse movement;

s the upper limit of signal range;

s _the lower limit of signal range.

ata required for dead band calculation may be obtained from a combined hysteresis

3.2 Test procedure for valves with double-acting actuators

Valves with double-acting actuators, the test procedure is the same”as in 5.8.3.1, e
he signal is applied to the positioner. The actuator may be tested without the posit

4 Acceptance criteria

'able 3 for maximum recommended values for déad band error.

Table 3 — Maximum recommended values of dead band-error

and
bove

cept
oner
ence

Valve type Recommended maximum values of dead ban
( % of full range input signal)

[-%

Valvg with actuator, no positioner 6,02

Valvg with positioner disengaged. 15,0 b

Valvg with actuator, with positioner. 1,0 ¢

a

b

When dead band values exceed 6 %, valves should be equipped with a positioner.

hlues exceeding 15 % are permissible provided that supplementary tests (e.g. stroking time, dead tim
huivalent dynamic analyses are performed. Dynamic performance of the control valve can be affected by
ction.

o<

Bl agreement.between the manufacturer and the purchaser, dead band tests for valves and actuators equ
th positioners may be replaced by certification of the static positioner performance

e) or
high

pped

5.9

5.9.

Stroking time test

1 General

Stroking time tests are to be performed on the control valve (with its actuator and accessories
completely mounted and adjusted) without internal pressure and with packing tightened
according to 5.6.2.1. The supply pressure shall be the minimum supply pressure as given in the
valve specification. Special care shall be taken to avoid external influence on the stroking time,
for example by not sufficient air supply capacity.
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5.9.2 Test equipment

The stem (or shaft) movement and the operating signal are continually recorded by a digital
recorder or an analogue 2-channel X-t plotter capable of measuring the full range of the travel
and the operating signal. This is used in conjunction with a displacement to voltage converter
and a pressure or current to voltage converter. Valve diagnostic instruments that incorporate
these features may also be used for this test.

5.9.3 Test procedures

5.9.3.1 Test procedure for on/off operation via solenoid valve

Opering time: The valve shall be in the closed position when the solenoid valve is enengked or
de-emergized, as per order specification. The stroking time is the time from enQ:gj{img or
de-efergizing the solenoid valve until the valve reaches its rated travel. N

Closing time: The valve shall be in the open position when the solenoid vaI%Qs energized or
de-emergized, as per order specification. The stroking time is the time mom energizing or
de-eJ[;ergmng the solenoid valve until the valve reaches its defined cl,%ﬁed position (normally
defined by the end of valve stem/shaft movement). QQD

5.9.3].2 Test procedure for control operation via valve po@ijloner

This test can be performed on 100 % signal change or anySf{}ction of this. Starting from yalve
stability at the start input signal for the test, the stro 'me is the time from applying the
operating signal change until the valve reaches 95% gb e stem/shaft movement betweep the
start jposition and the final end position (the posmorQ/ ere the valve reaches stability aggin).
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A1

A.1.1

Annex A
(informative)

Example calculations of seat leakage

General

Overview

This annex provides example calculations of seat leakage for all the leakage classes in Table 2.

The egquationsaretakenfremiEC6053424+——" — —"—"— — — ——

A.1.2
Glob
DN 1
PN 4
Seat
Rate
Pres
Liqui
A.1.3

The f

Valve description
e valve
00
D
diameter: D = 100 mm

i flow coefficient C: K, = 160 m3/h

sure differential ratio factor: x; = 0,72

H pressure recovery factor: /| = 0,90
Test differential pressures

ollowing test differential pressures are used.

Test [procedure 1:  Ap = 300 kPa (selected:by'manufacturer)
Test procedure 2: Ap = 3 500 kPa (maximum operating differential pressure specifig
purchaser)
A.1.4 Calculation of rated valve capacity
A.1.41 General
The [calculations of the rated valve capacities are made using the equations
IEC 60534-2-1.
A.1.4.2 Testprocedure 1 using water as test medium
Ap 3
0 =NixFyxfgxC =277 m°/h
P/ po
{ratedvalve capacity)
where
N1 = 0,1
F, =1
FR =1
C = K, = 160 m3/h
pPlpy =1
Ap =300 kPa

from
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A.1.4.3 Test procedure 2 using water as test medium

pq =poy + Ap =3 600 kPa

where
po = 100 kPa (open to atmosphere)
Ap = 3 500 kPa

Apmax = FL2 (p1-Ffg-py) =2914 kPa
(maximum allowable differential pressure for sizing purposes)

wherE

F_ 0,90

p1 F 3600 kPa
Fg 0,96

py ¥ 2,34 kPa

Since Ap.., < Ap, the flow is therefore choked.

—F.
Q=N1'F|_'FR'C‘/—p1 F P 864 m3h
P/ Po

(rated valve capacity)

wherp
Ny F0,1
F_ 0,90
Fr §1

C FK,=160mdh

p1 F 3600 kPa

Fg §0,96

py T 2,34 kPa

A.1.4.4 Testprocedure 1 using air as test medium

pq =po + Ap = 400 kPa (absolute)

wherg

po = 100 kPa (open to atmosphere)

Ap =300 kPa
A
X = = =0,75
P1
where
Ap =300 kPa

pq =400 kPa
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FY -x7=0,72
where
Fv =1
XT = 0,72

Since x-must shall not exceed F,x1, then use x = 0,72 to calculate Y.

wherp
x =/|0,72 (it must not exceed FY-xT)

F, =1
XT = 0,72
W=Ng-Fy-C-py-¥ ;'M = 12 529-kg/h
Y
(rated mass valve capacity)
wherp
N8 = 1,1

=|1
c =|k, =160 m3n

p1 =|400 kPa
Y =|0,667
x =(0,72
M =|28,97 kg/kmol
Ty =[293 K
Z =|1
X
=Ng-Fy-C-pi-Y /— =9 672 m3h
0 9 1I'p D1 M-T,-Z
(rated volumetric valve capacity)
where

Ng = 24,6 (for normal conditions of pg = 1 013,25 mbar and ¢, = 273 K)

Fp=1

C =K,=160 m3h

pq =400 kPa

Y =0,667

x =0,72

M = 28,97 kg/kmol
Ty =293 K

zZ =1
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Calculated maximum allowable seat leakages

Table A.1 shows the maximum allowable seat leakages for all of the leakage classes for the
valve described in Clause A.1.2.

Table A.1 — Maximum seat leakage for each leakage class

Leakage class Test medium Test procedure Maximum seat leakage
| As agreed between purchaser and manufacturer
I Water 1 1,39 m%h = 23,1 I/min
Air 1 62,6 kg/h
48,4 m3/h = 806 I/min
I Water 1 0,277 m%/h = 4,62 I/min
Air 1 12,5 kg/h
9,67 m3/h = 161,2 I/min
v Water 1 0,027 77 m%h = 0,462 |/mih
2 0,086 4 m3h = 1,44 ([min
Air 1 1,253 kg/h
0,967 m3/h =2.16/1 I/min
IV-S1 Water 1 0,001 39 ff/h = 0,023 I/min
2 0,004'82 m%h = 0,072 I/min
Air 1 0,062 6 kg/h
0,048 4 m3/h = 0,806 I/min
Y Water 2 0,063 I/h = 1,05 x 1073 I/min
Air 1 0,001 1 m%hr = 0,0185 I/mn
VI Air 1 1,53 ml/min = 1,53 x 1073 I/min
NOTE All values of volumetric flow rate arte-for normal conditions which are an absolute pressure of 1 013,25 |mbar
and g temperature of 273 K.
A.2 | General
A.2.1 Overview
Clauge A.2 prowides example calculations of seat leakage for class VI and seat diameter|over
400 mm.
A.2.3 Valve description

Butterfly valve:

DN 8
Seat

00

diameter: D = 800 mm

A.2.3 Test differential pressure

The following test differential pressure is used:

Test
Test

procedure 1: Ap = 350 kPa.

medium = Air
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A.2.4 Calculation of class VI maximum allowable seat leakage

Maximum allowable seat leakage for leakage class VI:

Max leakage = 3 - 1073 - Ap - leakage rate factor

where:
Ap is expressed in [kPal];

Leakage rate factor (from Table 3) is: (0,071 - Seat diameter) = 0,071 - 800 = 56,8 [ml/min];

Maximpum—-allowed Inalzago with air:

Max leakage = 3 - 1073 - 350 - 56,8 = 59,64 [ml/min] = 0,06 [I/min]

N
N3

3

NOTE| All values of volumetric flow rate are for normal conditions which are an absolute presq/%of 1 013,24 mbar

and altemperature of 273 K. b;’

b‘/
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Annex B
(informative)

Inspection and routine testing checklist

(per IEC 60534-4)

paf

Vol —

MaMobeody— =0l = Pollefpue L OKE

Actyator S-0K-&

Accassories
CeSSCHES

agoKka—

B T — T = e T —— = L

= goka8——

Yo

Facge-to-face B OK3Z Bodyconnections———————— 8 0K& |-

Eledtrical connections——— - OK{— Pneumsaticconnections———— - OK&—1—

Outline dimensions——————————— - OK&d——

Bodlyshelltest——————— 8-OK-O Packing-test goKa——

Megstredsantlealns goKg——

Botpebvalsotraucliost 10O Sooeoand goKka—1—
it . OK El h taricti . OK

El_ew r‘alr_\ar\l y ) nw charactaricticre o} |

Ehelorocle 80K Ssldnees goKka—F

Certificate-of compliance———&
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Manufacturer: Manufacturer reference
no.:

Customer: Purchase order no.:

Date: Place of inspection:

Visual inspection:

Valve body a OK Bolts/nuts a oK
Actuator a oK Accessories a OK
Tubing 0 OK Marking 4 OK
Tag no. a OK

Dim¢nsional check:

Facg-to-face 0 OK Body connections 4 OK
Elec{rical connections 4 OK Pneumatic connections a oK
Outlihe dimensions a OK

Hydfostatic test:
Body shell test a oK Packing test WXOK

Seat]leakage test:

Leaklage class: Test medium: Test procedure:
Meagured seat leakage: a oK
Rated valve travel test 0 OK Dead band 4 OK

Add{itional tests (only if agreed between manufacturer and purchaser):
Flow| capacity 0 OK Flowgharacteristics 4 OK
Hystpresis a OK Streking time 4 OK

Docémentation:
Certificate of compliance a

Test|certificate a Type

Inspgction certificate a Type

Signafure Manufacturer Signature Customer/Inspector



https://iecnorm.com/api/?name=0d1c9b93decd9c9ea02a13e788d22de4

- 28 — IEC 60534-4:2021 RLV © IEC 2021

Bibliography

IEC 61298 (all parts), Process measurement and control devices — General methods and
procedures for evaluating performance

ISO 15848-2, Industrial valves — Measurement, test and qualification procedures for fugitive
emissions — Part 2: Production acceptance test of valves

&
N
&
N
o
&
COQ
Be
;\\
@)
&
%
N
§\®
¥
O
&
5
QOQ
&
Re
S
&



https://iecnorm.com/api/?name=0d1c9b93decd9c9ea02a13e788d22de4

IEC 60534-4:2021-12(en-fr)

IEC 60534-4

INTERNATIONAL
STANDARD

Edition 4.0 2021-12

NJORME o
INTERNATIONALE .‘»&\
‘bb"b"
\a}
S
O
&
. o
Industrial-process control valves — (<
Part 4: Inspection and routine testing QO
N
Vannes de régulation des processus i striels —

Partie 4: Inspection et essais individuels de série



https://iecnorm.com/api/?name=0d1c9b93decd9c9ea02a13e788d22de4

-2- IEC 60534-4:2021 © IEC 2021

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 4
1 1T o 1= S 6
2 NOIMALIVE FEFEIENCES ... et 6
3 Terms and definitioNs ... 6
4 Yo LU 1= 0 =T o € 8
4.1 LY 7= Y 8

4, Hydrostatic Test. . e A e 9
4.8 Seat leakage test ... [ 9
4.4 PacKing teSt .. e e ...10
4.b Rated valve travel test ... .10
4.6 Dead band tests. ... ...10
4. AddItioNal 1ESES . .uei B .10

5 [eStS PrOCEAUIES .. e e e ...10
5.1 Measuring iNStruments ... ..o o e et ...10
5.1.1 General ... e ...10
b.1.2 Pressure measuring instruments............ooo 0 8, .10
b.1.3 Flow measuring instruments ............ooooe O i ...10
b.1.4 Travel measuring inStruments ... ... ...10
b.1.5 Calibration ..o .11

5P B I=153 A 2= L0 T o .11
5.8 TSt fIXIUMES e e .11
54 Hydrostatic et ... o I
5.p Seat 1€aK 1O e ) e .11
b.5.1 Test MEAiUM .. e B
b.5.2 Actuator adjustments ... ..o .12
b.5.3 BT A o e Yo7 =Y [0 = R 0 P .12
b.5.4 Leakage specGifiCcations ....... ..o .12

5.p P aCKIiNG 1St o e ... 14
5.6.1 LT o= - | ... 14
b.6.2 PraCEdUIE A e ... 14
b.6.3 ProCedure B ... .15

5.F Rated valve travel test ... ..o ...15
b.7.1 GBNEIAL .. .15
D42 Control valves with positioners ....... ... ...15
5.7.3 Control valves with spring-opposed actuators without positioners................... 16
5.7.4 Control valves with double-acting actuators without positioners...................... 16

5.8 Dead band teStS . i 16
5.8.1 GBNEIAL .. 16
5.8.2 T eSSt EQUIPMENT . e 16
5.8.3 LI S o e Yo7 =Y o [ o = P 16
5.8.4 ACCEPIANCE CrIteIIaA ..ouie i e 17

5.9 StroKiNg tiMe test ..o 17
5.9.1 GBNEIAL .. 17
5.9.2 T eSSt EQUIPMENT . e 18
5.9.3 LI A o e Yo7 =Y o [0 == P 18

Annex A (informative) Example calculations of seat leakage ..............ccoooiiii . 19


https://iecnorm.com/api/?name=0d1c9b93decd9c9ea02a13e788d22de4

IEC 60534-4:2021 © IEC 2021 -3-

A.1 LT a1 =Y PP 19
A.1A1 L N V= 19
A1.2 Valve desCriplion ... e 19
A.1.3 Test differential PreSSUIres . ....oivii i 19
A1.4 Calculation of rated valve capacity..........ccoooiiiiiiiii 19
A.1.5 Calculated maximum allowable seat leakages ...........ccocoviiiiiiiiiiiiiiiiieeeeen 22

A.2 LT =Y o =T - ¥ S 22
A.2.1 L 7= YT PR 22
A.2.2 Valve deSCIIPLION ..o 22

23 Test difTerential PreSSUIe .. e aeneceneennenenanrnannnaenden .22

N.2.4 Calculation of class VI maximum allowable seat leakage ....................5. ... ...23
Anngx B (informative) Inspection and routine testing checklist (per IEC 60534-4)..5....... .24
271 1T Yo = o 4 V28-Sl SO PS .25
Figude 1 — Hysteresis and dead band............ccooiiiiiiiiiiii g D | 7
TabIg 1 — TS i e | 9
Tablg¢ 2 — Maximum seat leakage for each leakage class ......8 e oiiiiiiiii i .13
Tablg 3 — Maximum recommended values of dead band ... A7
Tablg A.1 — Maximum seat leakage for each leakage glaSs..........ccooiiiiiiiiiiii, .22



https://iecnorm.com/api/?name=0d1c9b93decd9c9ea02a13e788d22de4

1)

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC 60534-4:2021 © |IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL-PROCESS CONTROL VALVES -
Part 4: Inspection and routine testing

FOREWORD

2021

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, comyj
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’jnterna
coloperation on all questions concerning standardization in the electrical and electronic fields. yTo this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

rising
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préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international\use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible for/the“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC NationakCommittees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or fegional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.

IEC 60534-4/has been prepared by subcommittee 65B: Measurement and control device
IEC fechnical-committee 65: Industrial-process measurement, control and automation. It
Interpational Standard.
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This fourth edition cancels and replaces the third edition published in 2006. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a) remove details about hydrostatic test but state that to be performed according to valve
design code;

b) include mandatory test for valve packing;

c) putin evidence limits of reduced differential pressure seat leakage test procedure;

d) introduce details about low temperature seat leakage test;

e) extend dimensional range for leakage class VI to less than 25 mm and over 400 mm seat

diameter;
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f) include stroking time tests.

The

text of this International Standard is based on the following documents:
Draft Report on voting
65B/1208/FDIS 65B/1211/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The

This
acco
at w
desc

A list

language used for the development of this International Standard is English.

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ava

ibed in greater detail at www.iec.ch/standardsdev/publications.

contnol valves, can be found on the IEC website.

The
stabi
spec

ity date indicated on the IEC website under webstorg,iec.ch in the data related t
fic document. At this date, the document will be

e rgconfirmed,

e withdrawn,

o rgplaced by a revised edition, or

mended.

document was drafted in accordance with ISO/IEC Directives, Part 2, and developgd in

jflable

vw.iec.ch/members_experts/refdocs. The main document types developed by IEQ are

of all parts in the IEC 60534 series, published under the genefal-title Industrial-prqcess

tommittee has decided that the contents of this documentwill remain unchanged untjil the

b the
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INDUSTRIAL-PROCESS CONTROL VALVES -

Part 4: Inspection and routine testing

1 Scope

This part of IEC 60534 specifies the requirements for the inspection and routine testing of
contrpl valves manufactured in conformity with the other parts of IEC 60534.

This [document is applicable to valves with pressure ratings not exceeding Class 2500] The
requirements for actuators apply only to pneumatic actuators.

This [document does not apply to the types of control valves where radioactive service, fire
safety testing, or other hazardous service conditions are encountered. If a standarfd for
hazafdous service conflicts with the requirements of this document, thie,standard for hazarndous
servige should take precedence.

NOTE| This document can be extended to higher pressure ratings by agreement between the purchaser apd the
manufacturer.

2 Normative references

The following documents are referred to in the textin'such a way that some or all of their conptent
consfitutes requirements of this document. For.dated references, only the edition cited applies.
For pndated references, the latest edition--of the referenced document (including| any
amendments) applies.

IEC 60534 (all parts), Industrial-process control valves

3 Terms and definitions

For the purposes of thissdocument, the terms and definitions given in the IEC 60534 serie$ and
the following apply.

ISO pnd IEC maintain terminological databases for use in standardization at the follqwing
addresses:

3.1

bench range

range of pressures to the actuator within which the nominal travel is performed in both
directions, with no pressure in the valve, but including friction forces

Note 1 to entry: The actuator operating range, i.e. when the valve is installed under actual process conditions, will
be different from the bench range.

3.2

dead band

finite range of values within which reversal of the input variable does not produce any noticeable
change in the output variable (see Figure 1)
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c) Hysteresis with dead band

Figure 1 — Hysteresis and dead band

3.3
dead band error
maximum value of the span of the dead band (over the measuring range)
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3.4

hysteresis

property of a device or instrument whereby it gives different output values in relation to its input
values depending on the directional sequence in which the input values have been applied
(see Figure 1)

3.5

hysteresis error

maximum deviation between the two calibration curves of the measured variable as obtained
by an upscale going traverse and a downscale going traverse over the full range and subtracting
the value of the dead band

3.6
typelinspection and testing
inspgction and testing carried out by the manufacturer in accordance with its own-procedures
to asfsess whether products made by the same manufacturing process meet the'requirements
of the¢ purchase order

Note 1 to entry: The products inspected and tested need not necessarily be the products actually supplied.

3.7
actual inspection and testing
inspgction and testing carried out, before delivery, according’tor the technical requirements of
the purchase order, on the products to be supplied or on test‘units of which the product supplied
is paft, in order to verify whether these products comply/with the requirements of the purdhase
order

4 Requirements

4.1 General

Each|valve shall be submitted to the mandatory tests specified in Table 1. Supplementary [tests
giver] are subject to agreement between manufacturer and purchaser. An inspection and rofutine
testing check list as specified by.the present document is given in Annex B.
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Table 1 — Tests

Test Category Reference

1. Shell hydrostatic test M 4.2 and 5.4

2. Seat leakage test M 4.3 and 5.5

3. Packing test M b 4.4 and 5.6.2

sb 4.4 and 5.6.3

4. Rated valve travel @ M 4.5 and 5.7

5 ead band @ S 4.6 and 5.8

6. FKlow capacity S 4.7 and IEC 60534223

7. FKlow characteristic S 4.7 and |IEC 60534-2+-4

8. $troking time test S 5.9

M = Mandatory

S = $upplementary

The $hell hydrostatic test shall be performed first for safety reasons. Other tests should be done in the sequence

giver) above.

a8  The results of tests of a valve under static conditions in a factory generally do not correspond to performjance
upder working conditions. This document is intended only to provide guidance for negotiations between the
manufacturer and the purchaser relative to tests of a specific valve.

b The packing test shall be performed during the shell hydrostatic tést if packing is installed during that test in
accordance with 4.4 and 5.6.2. The supplementary packing tes{‘¢an also be performed in accordance with 4.4
and 5.6.3 if desired or specified by the customer.

4.2 | Hydrostatic test

All control valve assemblies, excluding welded on fittings, with or without the actuator fjtted,
shall|be subject to a hydrostatic test as.specified in 5.4.

4.3 | Seat leakage test

rate.
and

Leak

The ]wanufacturer shall advise;if the achievable leak rate is less than the maximum alloweag
|

f agreed to by the manufacturer and the user, the actual leak rate and allowed leak
he corresponding test pressure may be reported on the final certification.

leak
rate

hge shall be specified by the following code:
X X X
) \ \
Leakage class Test fluid Test procedure
as-shown-in Tablg 3- G airor nifrngnn 1or?2
| to VI L: water

Example: Il L 1

The seat leakage test as described in 5.5 shall be performed on each valve.

These seat leakage provisions do not apply to control valves with rated flow coefficients less

than

the following:

K,=0,086; C,=0,1

Class VIl is intended to apply to resilient seated valves only.
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NOTE 1 This part of the standard cannot be used as a basis for predicting leakage when the control valve is installed
under actual operating conditions.

NOTE 2 The actual and allowed leak rates, along with the corresponding test pressure, can also be included in the
test certification upon agreement between the manufacturer and the buyer.

4.4 Packing test

This test, as described in 5.6, applies to the main valve packing. Secondary packing of the
bellows may be excluded from this test when it is not under pressure during the hydrostatic test.

4.5 Rated valve travel test

TravJaI adjustment of control valves shall be verified by test in the factory as described-in p.7.

4.6 Dead band tests

The purpose of the dead band test is to measure the change in operating Sjgnal requirgd to
prodlice a reversal of stem (or shaft) movement at approximately 25 %, 50:% and 75 % qf the
rated travel of the valve actuator. These tests as described in 5.8 shall)be performed op the
assefnbly as it will be supplied.

4.7 | Additional tests

are dutside the scope of this standard), if required, shall be’the subject of agreement between

Add’ifiional tests such as flow capacity, flow characteristic, stroking time, hysteresis, etc. (which
the

anufacturer and the purchaser.

5 Tests procedures

5.1 Measuring instruments
5.1.1 General

Perfgrmance of measuring instraments is based on IEC 61298. The installation qf all
instruments shall be capable ofmeeting the requested accuracy.

5.1.2 Pressure measuring instruments

The gnalogue or digjtal pressure measuring instruments used in testing shall be of the indicating
or re¢ording type butsshall be installed in such a manner that they represent the actual pressure
in the component.under test. The measuring equipment shall be capable of measuring the test
presgure with-adimit deviation of +5 % of the required test pressure. For dead band testing, the
inacduracy,_of-the instruments shall not exceed +0,5 % of full range, and the maximum dignal
shall|be not'less than 50 % of the instrument range. The readout of attached digital positioners
can be’dsed for the pressure measurement if the stated accuracy is maintained.

51.3 Flow measuring instruments

The accuracy of the instruments used for measuring seat leakage shall be within £10 % of full
scale and shall be used within 20 % to 80 % of the scale range.

514 Travel measuring instruments

The accuracy of the instruments used to measure travel shall be within £0,5 % of the rated
travel. Digital positioners may be used for deadband measurements if the repeatability is £0,5 %
or better.
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5.1.5 Calibration

It shall be the valve manufacturer's responsibility to maintain the accuracy of the measuring
instruments. Calibration records shall be made available upon request.

5.2 Test medium
The test medium shall be liquid or gas, as specified in each test description.

a) Liquid: water at a temperature between 5 °C and 50 °C. The water may contain soluble oil
or a corrosion inhibitor.

b) Jas: air or nitrogen in clean condition, at a temperature between 5 "C and 50 "C, Clean
helium gas or nitrogen gas may also be used for low temperature seat leakage test'ising
the pressure and temperature corrections given in Table 2, footnote c.

5.3 | Test fixtures

Test fixtures shall not subject the valve to externally applied stresses that may-affect the rgsults
of th¢ tests.

NOTE| The test equipment can apply external loads sufficient to react the forces-resulting from the test presgure.

When using different test equipment and procedures to those,'detailed in this document, the
manyfacturer shall be able to demonstrate the equivalencé of its test procedures| and
acceptance criteria with the requirements of this document;

For Qutt welding end valves when end plugs are uséd,’the seal point shall be as close tp the
weld|end as practical without over-stressing the weld preparation.

5.4 | Hydrostatic test

A hydrostatic shell test shall be performed according to the valve design code (or stanflard)
and/¢r to the applicable local regulations.

If a jalve is dual pressure rated>(inlet rating higher than outlet rating), it may be necessary to
sepaflate the high pressure portion of the valve from the low pressure portion with a tempprary
barri¢r, and test each portion-with its respective test pressure.

Components such as bellows, diaphragms, backseats or stem packing which may be damfaged
by the hydrostatic test pressure may be temporarily removed. If packing is present during the
hydrg test, it shall\be tested during the hydro test in accordance with the procedures given in
5.6.

d-aon)fittings (nipples, reducers and/or expanders) shall not be considered as part gf the
valveg assembly and, therefore, need not be included in the hydrostatic test. If it is not pragtical
to hy i ; it valve
hydrostatic pressure provided the fittings are adequate to sustain the said pressure. If agreed
upon between the manufacturer and the purchaser, the valve may be retested after the fittings
are welded on at a pressure in accordance with the applicable piping specifications.

5.5 Seat leak test
5.5.1 Test medium

The test medium shall meet the requirements of 5.2.
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5.5.2 Actuator adjustments

The actuator shall be adjusted to meet the operating conditions specified. The required closing
thrust or torque, as obtained from air pressure, a spring or other means, shall then be applied.
No allowance or adjustment shall be made to compensate for any difference in seat load
obtained when the test differential is less than the maximum valve operating differential
pressure.

On valve body assemblies made for stock, tested without the actuator, a test fixture shall be
utilized which applies a net seat load not exceeding the manufacturer's normal expected load
under maximum service conditions.

5.5.3 Test procedure
5.5.311 General

The {est medium shall be applied to the normal or specified valve body inlet) The valve body
outlef shall be open to atmosphere or connected to a low head-loss flow measuring devicg with
its oytlet open to the atmosphere. Provisions shall be made to avoid subjecting the measpring
devide to pressures above the safe operating pressure resulting frotn ihadvertent openipng of
the vplve under test.

When liquid is used, the valve shall be opened and the valve‘hody assembly filled complétely,
inclugling the outlet portion and any downstream connectéd piping. The valve shall thgn be
closdd. Air pockets shall be eliminated from the valve bedy-and piping.

When the leakage flow rate has been stabilised, thedrate of flow should be observed ovqr the
period of time that is necessary for obtaining the accuracy specified in 5.1.3.

The lnaximum allowable seat leakage as specified for each class shall not exceed the values
in Taple 3 using the test procedure as defined.

The peat leakage test, carried outrwith reduced differential pressure used as given in test
procgdure 1 (5.5.3.2), is used to yerify the quality of the sealing surfaces and the alignmgnt of
intermal parts, but it cannot be_used to verify the mechanical strength and rigidity of parts
required for sealing, nor can)it be used to verify the correct sizing of the actuator fof the
maximum operating differential pressure since the seat load effect is disregarded.

For vialves produced’in-a single copy, or when testing prototypes for a new series, it is thergfore
recommended to ‘perform the seat leak test in a manner that tests the whole valve clgsure
strucfure at the‘maximum operating differential pressure, using test procedure 2 (5.5.3.3),|or to
adjugt the actuator thrust by agreement with the purchaser.

5.5.3.2 Test procedure 1

The pressure of the test medium shall be between 300 kPa and 400 kPa (3 bar and 4 bar) gauge
or within £5 % of the maximum operating differential pressure specified by the purchaser if it is
below 350 kPa (3,5 bar). See Table 3 for guidance on what fluid should be used.

5.5.3.3 Test procedure 2

The test differential pressure shall be within £5 % of the maximum operating differential
pressure across the valve as specified by the purchaser.

5.5.4 Leakage specifications

Leakage classes, test mediums, test procedures and maximum seat leakages shall be specified
to be in accordance with Table 3.
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See Annex A for example calculations of rated valve capacity and allowable seat leakage.

Table 2 - Maximum seat leakage for each leakage class

Leakage class Test medium Test Maximum seat leakage
procedure
| As agreed between the purchaser and the manufacturer
Il LorG 1 5 x 1073 x rated valve capacity 2
11 LorG 1 1073 x rated valve capacity 2
v L 1-or2 +9=-d—rated-ratre-—capaeity
G 1 1074 x rated valve capacity 2
IV-S L 1or2 5 x 1076 x rated capacity
G 1 5 x 1078 x rated capacity 2
\ L 2 1,8 x 1077 x Ap [kPa] x D I/h
(1,8 x 107% x Ap [bar] x D) @
G 1 10,8 x 1078 x D Nm3/h ¢
11,1 x 1078 x D std m3/h.S
Vi G 1 3 x 1073 x Ap [kPal] x)leakage rate factor ?
(see|note 2) (0,3 x Ap [bar] x\léakage rate factor) °

D is the seat diameter (mm); L = liquid; G = gas

2  Hor the conversion of the compressible fluid volumetric flow rate) use standard conditions, which is an absplute
ressure of 1 013,25 mbar and 15,6 °C, or normal conditiohs, which is an absolute pressure of 1 013,25 mbar
nd 0 °C.

DT

b eakage rate factors for Class VI:

Seat diameter Allowable leakage rate factor
mm ml/min Bubbles/min
<25 0,15 1
40 0,30 2

50 0,45 3
65 0,60 4
80 0,90 6
100 1,70 11
150 4,00 27
200 6,75 45
250 11,1 -
300 16,0 -
350 21,6 -

> 400 0,071-Seat diameter - d
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The number of bubbles per minute as tabulated is a suggested alternative based on a suitable calibrated
measuring device, in this case a 6 mm tube (outer diameter; wall thickness 1 mm) submerged in water to a
depth of between 5 mm and 10 mm. The tube end should be cut square and smooth with no chamfers or burrs,
and the tube axis should be perpendicular to the surface of the water.

If the valve seat diameter differs by more than 2 mm from one of the values listed, the leakage rate may be
obtained by interpolation, assuming that the leakage rate varies as the square of the seat diameter.

The maximum seat leakage in the table refers to air/nitrogen at the test procedure 1 conditions. If different
test pressures are required, e.g. test procedure 2, subject to agreement between the user and manufacturer,
then the maximum allowable leakage flow rate in Nm3/h with air or nitrogen as the test medium shall be:

10,8 x 1076 x ((py —101)/350) x (p,/552 + 0,2) x D where p, is the inlet pressure in kPa absolute.

r 108 x 106 ((» 1. 01V/35) x (p /552 + 02)x Dwhenan.isinbar absolute
ARvasy | Ae s AU | 7 T

the case of other gases, like Helium or Nitrogen, with different inlet pressure and inlet temperature], the
maximum allowable leakage flow rate in Nm3/h shall be:

10,8 x 1076 x ((pq — 101)/350) x (p,/552 + 0,2) x D x (288,15/T,) * (7 gas)
Where p, is the inlet pressure in kPa absolute

Qr, 10,8 x 1076 ((pq = 1,01)/3,5) x (p,/5,52 + 0,2) x D x (288,15/T,) * (11 Gas)
Where p, is in bar absolute in bar absolute,

1}, the inlet temperature of the gas in K, 7,;. the dynamic viscosity of air.at\288.15 K and 54, the dyniamic
Viscosity of the test gas at 7.

Tlhese conversions assume laminar flow and are only valid with atmospheric outlet pressure. They shall not
ble used to predict flow rates under actual operating conditions.

Hor seat diameters 400 mm and over the maximum seat leakage for leakage class VI is about 40 % of the
npaximum seat leakage for leakage class V, test procedure\?.

5.6
5.6.

Packing test

1 General

This fest can be performed at the same time as the hydrostatic test, per 5.6.2, or the seaf leak

test

,|as per 5.6.3. Procedure A;5.6.2, is the procedure that shall be used unless othefwise

specified by purchaser or manufacturer. If the control valve shall be subjected to produyction
acceptance testing on fugitive emissions (such as ISO 15848-2), the packing test can be

waived.

5.6.2 Procedure A

MANDATORY (Packing test performed during hydrostatic test)

5.6.2.1 Packing tightening

The

packing shall be tightened to the recommended procedure from the manufacturer.

Tightening of the packing shall not be modified after the packing test. Rated travel and dead
band tests as per 4.5 and 4.6 shall be completed without modification to the packing tightness.

5.6.
The

5.6.

The
duri

2.2 Test medium

test medium shall be liquid, in accordance with 5.2 a).

2.3 Test pressure

test pressure shall be set according to the valve design code. If there is any visible leakage
ng the test, the pressure may be reduced to 1,1 times the allowable operating pressure at

room temperature, and leakage rechecked.
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5.6.2

4 Test procedure

Follow the procedure of the selected valve design code; while pressurized, visually check for
leakage through the packing.

5.6.2

.5 Acceptance criteria

There can be no visible leakage through the packing.

5.6.3

SUPPLEMENTARY (Whithcam bz done during seat feak testor by ttsetfy ]

5.6.3,

The

Tightlening of the packing shall not be modified until rated travel and dead band,tests as ps

and 4

5.6.3

The fest medium shall be gas, in accordance with 5.2 b).

5.6.3
The

gaug
beloy

5.7
5.7.1

Rate

Procedure B

1 Packing tightening
packing shall be tightened to the recommended procedure from the\ manufac

.6 have been completed.

.2 Test medium

.3 Test pressure

jas pressure inside the valve shall be between 300 kPa and 400 kPa (3 bar and 4
e or within £5 % of the maximum operating pressure specified by the purchaser it
v 350 kPa (3,5 bar) (or refer to 5.5.3.2). Test\procedure:

Fessurize the valve with the test medium:
troke the valve through the completetvalve travel at least two times.

heck the packing tightness before,*and after the stroking.
.4 Acceptance criteria

sible leakage shall occlr;at the packing, using leak detection fluid or immersing the
ter.

Rated valve travel test

General

urer.
r4.5

bar)
it is

alve

I valventravel tests are to be performed on the control valve (with its actuator) without
intermal pressure and with packing tightened to withstand 5.6.2.1.

5.7.2

Control valves with positioners

Control valves with positioners shall start to open (or close) when an input signal between 0 %
and 3 % of span is added to the lower value of the signal range. They shall be fully open (or
closed) when a signal between 97 % and 100 % of the signal range is applied.

For multirange applications, use 6 % instead of 3 %, and 94 % instead of 97 %.

NOTE

For digital positioners, these values are optional because they can be programmed.
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5.7.3 Control valves with spring-opposed actuators without positioners

a) Control valves which open with increasing signal shall reach 100 % of travel when the upper
limit of the bench range is applied and shall be fully closed when the lower limit of the bench
range is applied.

b) Control valves which close with increasing signal shall reach 100 % of travel when the lower
limit of the bench range is applied and shall be fully closed when the upper limit of the bench
range is applied.

Because of hysteresis, dead band and manufacturing tolerances (spring, diaphragm area, etc.),
there can be a difference between the specified bench range and its in service values.
Verificati i i i i lled.
The lower value of the bench range for a control valve, which opens with increasing actuator
presgure, and the upper value of the bench range for a control valve, which opens| with
decr¢asing actuator pressure, affect the shutoff capability of the valve and should be ¢the¢ked.

5.7.4  Control valves with double-acting actuators without positioners

The fest is carried out without a positioner. Control valves shall reach 100, % of travel wher the
specified air pressure is supplied to one of the two chambers and shall be fully closed whepn the
specified air pressure is supplied to the other chamber. During the test, the non-pressufised
chanjber of the actuator shall be exhausted to the atmosphere.

5.8 Dead band tests
5.8.1 General

Dead band tests are to be performed on the controh valve (with its actuator) without internal
presgure and with packing tightened according 10.5:6.2.1.

5.8.2 Test equipment
5.8.2/1 Test equipment for manually recorded test

The stem (or shaft) movement is detected by a dial indicator. Pneumatic signals are meagured
by a [manometer (water or mercury) or a sensitive test type pressure gauge. Electrical signals
are measured by a test meter'ef adequate range and sensitivity.

5.8.2,.2 Test equipment for automatically recorded test

The gtem (or shaft) movement and the operating signal are continually recorded by an analpgue
X-Y plotter capable ‘of measuring the full range of the travel and the operating signal. This is
used|in conjunction with a displacement to voltage converter and a pressure or current to
voltage converter. Valve diagnostic instruments, including digital valve positioners,| that
incorporatethese features may also be used for this test.

5.8.3— Testprocedure
5.8.3.1 Test procedure for valves with spring-opposed actuators

Starting with the valve actuator at one end of the travel (0 % or 100 %), the operating signal is
varied until the stem (or shaft) has moved to 25 % of the rated travel. The signal is held at this
point and its value (A) recorded. The signal is then slowly reversed until the stem (or shaft)
starts to move in the reverse direction. The value (B) of the operating signal at the
commencement of this reverse movement is recorded. Similar readings are taken and recorded
at 50 % and 75 % of the rated travel.

The dead band x at each of the reference points is the change in operating signal applied to
produce the reverse movement of the stem (or shaft). Dead band x is expressed as a percentage
of the full span of the operating signal as given by the following equation:
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s =

[
[
b i

N

The

dead|band test at the manufacturer's option if the testing and data recording meet«he 4
requirements from the dead band portion of the testing. Refer to Figure 1c.

5.8.

For
that

subjdct to agreement between the manufacturer and the purchaser(ln this case, the differ
betwgen the air pressure in the two chambers shall be recorded.

5.8.

See
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4 - B|

x=+—x100 %
a—>b

re

s the dead band;

s the signal recorded at termination of travel;

s the signal required to cause reverse movement;

s the upper limit of signal range;

s the lower limit of signal range.

lata required for dead band calculation may be obtained from a combined hysteresis

3.2 Test procedure for valves with double-acting actuators

Valves with double-acting actuators, the test procedure is the same”as in 5.8.3.1, e
he signal is applied to the positioner. The actuator may be tested without the posit

4 Acceptance criteria

able 3 for maximum recommended values for déad band error.

Table 3 — Maximum recommended values of dead band

and
bove

cept
oner
ence

Valve type Recommended maximum values of dead ban
( % of full range input signal)

[-%

Valvg with actuator, no positioner 6,02

Valvg with positioner disengaged. 15,0 b

Valvg with actuator, with positioner 1,0 ¢

a

b

When dead band values exceed 6 %, valves should be equipped with a positioner.

hlues exceeding 15 % are permissible provided that supplementary tests (e.g. stroking time, dead tim
huivalent dynamic analyses are performed. Dynamic performance of the control valve can be affected by
ction.

o<

Bl agreement.between the manufacturer and the purchaser, dead band tests for valves and actuators equ
th positioners may be replaced by certification of the static positioner performance

e) or
high

pped

5.9
5.9.

Stroking time test

1 General

Stroking time tests are to be performed on the control valve (with its actuator and accessories
completely mounted and adjusted) without internal pressure and with packing tightened
according to 5.6.2.1. The supply pressure shall be the minimum supply pressure as given in the
valve specification. Special care shall be taken to avoid external influence on the stroking time,
for example by not sufficient air supply capacity.
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5.9.2 Test equipment

The stem (or shaft) movement and the operating signal are continually recorded by a digital
recorder or an analogue 2-channel X-t plotter capable of measuring the full range of the travel
and the operating signal. This is used in conjunction with a displacement to voltage converter
and a pressure or current to voltage converter. Valve diagnostic instruments that incorporate
these features may also be used for this test.

5.9.3 Test procedures

5.9.3.1 Test procedure for on/off operation via solenoid valve

Operning time: The valve shall be in the closed position when the solenoid valve is energized or
de-e:l:ergized, as per order specification. The stroking time is the time from energizing or
de-emergizing the solenoid valve until the valve reaches its rated travel.

Closing time: The valve shall be in the open position when the solenoid valve is energizgd or
de-eJ[;ergized, as per order specification. The stroking time is the time \from energizing or

de-emergizing the solenoid valve until the valve reaches its defined closed position (normally

defined by the end of valve stem/shaft movement).

5.9.3/.2 Test procedure for control operation via valve positioner

This test can be performed on 100 % signal change or any fraction of this. Starting from yalve
stability at the start input signal for the test, the stroking-time is the time from applying the
operating signal change until the valve reaches 95% of\the stem/shaft movement betweep the
start jposition and the final end position (the position{where the valve reaches stability aggin).
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Annex A
(informative)

Example calculations of seat leakage

A.1 General

A.1.1 Overview

A.1.2 Valve description
Globg valve

DN 100

PN 4p
Seat|diameter: D = 100 mm

Ratefl flow coefficient C: K, = 160 m3/h
Pressgure differential ratio factor: x; = 0,72

Liquif pressure recovery factor: F| = 0,90
A.1.3 Test differential pressures
The following test differential pressures are used:

Test [procedure 1:  Ap = 300 kPa (selected by manufacturer)

Test procedure 2: Ap = 3 500 kPa (maximum operating differential pressure specifig

purchaser)
A.1.4 Calculation of rated valve capacity

A.1.4.1 General

The [calculations of the rated valve capacities are made using the equations
IEC §0534-2-1.
A.1.4.2 Testprocedure 1 using water as test medium
Ap 3
Q:N1><Fp><FR><C =277 m°/h
\ p/ pg
(rated valve capacity)
where
N1 = 0,1
F, =1
FR =1
C = K, = 160 m3/h
pPlpy =1

Ap =300 kPa

able 2.

d by

from
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A.1.4.3 Test procedure 2 using water as test medium

pq =poy + Ap =3 600 kPa

where
po = 100 kPa (open to atmosphere)
Ap = 3 500 kPa

Apmax = FL2 (p1-Ffg-py) =2914 kPa
(maximum allowable differential pressure for sizing purposes)

wherE

F_ 0,90

p1 F 3600 kPa
Fg 0,96

py ¥ 2,34 kPa

Since Ap.., < Ap, the flow is therefore choked.

—FE.
Q:N1'F|_'FR'C P IF Py =864 m3/h
\' £/ po

(rated valve capa€ity)

wherp
Ny $0,1
F_. 0,90
Fr §1

C FK,=160mdh

pq F3600kPa

Fg §0,96

Py F 2,34 kPa

A.1.4.4 Testsprocedure 1 using air as test medium

pq =po + Ap =400 kPa (absolute)

wherg

po = 100 kPa (open to atmosphere)

Ap =300 kPa
A
x= £ =075
P
where
Ap =300 kPa

pq =400 kPa
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FY -x7=0,72
where
Fv =1
XT = 0,72

Since x shall not exceed F,'xt, then use x = 0,72 to calculate Y.

wherg

x =|0,72 (it must not exceed Fy-xT)

F, =1
XT = 0,72
W=Ng -Fy-Copr-¥ | =M = 12 528 kg
T - Z
(rated mass valve capacity)
wherp
N8 = 1,1

=|1
c =|k, =160 m3n

pq =[400 kPa
Y =|0,667
x =(0,72
M =|28,97 kg/kmol
Ty =293 K
zZ =1
X
=Ng-Fy-C-p1-Y |———— =9672m3h
0 9 1fp P1 M-T,-Z
(rated volumetric valve capacity)
where

Ng = 24,6 (for normal conditions of pg = 1 013,25 mbar and ¢, = 273 K)

Fy =1

C =K,=160 m3h

pq =400 kPa

Y =0,667

x =0,72

M = 28,97 kg/kmol
Ty =293 K

zZ =1
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Calculated maximum allowable seat leakages

Table A.1 shows the maximum allowable seat leakages for all of the leakage classes for the
valve described in Clause A.1.2.

Table A.1 — Maximum seat leakage for each leakage class

Leakage class Test medium Test procedure Maximum seat leakage
| As agreed between purchaser and manufacturer
I Water 1 1,39 m%h = 23,1 I/min
Air 1 62,6 kg/h
48,4 m3/h = 806 I/min
I Water 1 0,277 m%/h = 4,62 I/min
Air 1 12,5 kg/h
9,67 m3/h = 161,2 I/min
v Water 1 0,027 77 m%h = 0,462 |/mih
2 0,086 4 m3h = 1,44 ([min
Air 1 1,253 kg/h
0,967 m3/h =2.16/1 I/min
IV-S1 Water 1 0,001 39 ff/h = 0,023 I/min
2 0,004'82 m%h = 0,072 I/min
Air 1 0,062 6 kg/h
0,048 4 m3/h = 0,806 I/min
Y Water 2 0,063 I/h = 1,05 x 1073 I/min
Air 1 0,001 1 m%hr = 0,0185 I/mn
VI Air 1 1,53 ml/min = 1,53 x 1073 I/min
NOTE All values of volumetric flow rate arte-for normal conditions which are an absolute pressure of 1 013,25 |mbar
and g temperature of 273 K.
A.2 | General
A.2.1 Overview
Clause A.2 provides example calculations of seat leakage for class VI and seat diameter|over
400 mm.
A.2.2 Valve description

Butterfly valve:

DN 8
Seat

00
diameter: D = 800 mm

A.2.3 Test differential pressure

The following test differential pressure is used:

Test
Test

procedure 1: Ap = 350 kPa.
medium = Air
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A.2.4 Calculation of class VI maximum allowable seat leakage

Maximum allowable seat leakage for leakage class VI:

Max leakage = 3 - 1073 - Ap - leakage rate factor

where:

Ap i

s expressed in [kPa];

Leakage rate factor (from Table 3) is: (0,071 - Seat diameter) = 0,071 - 800 = 56,8 [ml/min];

Maxi

NOTE
and a

mum-allowed leakaae with air:
g

Max leakage = 3 - 1073 - 350 - 56,8 = 59,64 [ml/min] = 0,06 [I/min]

All values of volumetric flow rate are for normal conditions which are an absolute pressure of 1 013,24
temperature of 273 K.

mbar
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Annex B
(informative)

Inspection and routine testing checklist
(per IEC 60534-4)

Manufacturer:

Customer:

Date:

Manufacturer reference
no.:

Purchase order no.:

Place of inspection:

VisuLI inspection:

Valve body Q oK Bolts/nuts a OK
Actuptor Q OK Accessories 4 OK
Tubipg Q OK Marking a OK
Tag po. Q OK

Dim¢nsional check:

Facg-to-face Q OK Body connections a OK
Elecfrical connections a oK Pneumatic connections QoK
Outline dimensions a OK

Hydjostatic test:

Body shell test a OK Packing-test 4 OK
Seat|leakage test:

Leakage class: Test medium: Test procedure:
Measured seat leakage: 4 OK
Rated valve travel test a oK Dead band QoK

Addjitional tests (only if agreed between mahufacturer and purchaser):

Flow| capacity 0 OK Flow characteristics 4 OK
Hystgresis Q OK Stroking time a OK
Docyimentation:

Certificate of compliance a

Test|certificate 0 Type

Inspéction certificate Q Type

Signa

ure ManufacCturer

Signature Customer/Inspector
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

VANNES DE REGULATION DES PROCESSUS INDUSTRIELS -
Partie 4: Inspection et essais individuels de série

AVANT-PROPOS

2021

La|] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EC). L'IEC a pour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internationales,

dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles aupublic (PAS)
Gyides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des,comités d'étud

trgvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC,|participent égaleme
trgvaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selo]
copditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mes
popgsible, un accord international sur les sujets étudiés, étant donné que les(Comités nationaux de I'lEC inté
soht représentés dans chaque comité d’études.

Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les efforts~raisonnables sont entrepris afin qug
s'dssure de I'exactitude du contenu technique de ses publicatiens; I'|EC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en est faite’par un quelconque utilisateur final.

D4ns le but d'encourager I'uniformité internationale, les ‘Comités nationaux de I'lEC s'engagent, dans td
mesure possible, a appliquer de fagon transparente les, Rublications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquéesen-termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation.de conformité. Des organismes de certification indépe
fouyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L’IEC n'est responsabled'aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

Aucune responsabilité ne doit étreNimputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé en’cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, directe.ownindirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la publication*ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de]
oulau crédit qui lui est accordé.

L'qttention est attirée sur les références normatives citées dans cette publication. L'utilisation de public
référencées estobligatoire pour une application correcte de la présente publication.

L’gttention-estattirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
de| droits."de*brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drg
brevets:
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commande, du comité d'études 65 de I'lEC: Mesure, commande et automation dans les
processus industriels. Il s'agit d'une Norme internationale.

Cette quatrieme édition annule et remplace la troisiéme édition, parue en 2006. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) suppression des précisions concernant I'essai hydrostatique, mais spécification selon

laquelle celui-ci doit étre réalisé conformément au code de conception de la vanne;

b) inclusion d’'un essai obligatoire relatif a la garniture d’étanchéité des vannes;
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c) mise en évidence des limites de la procédure d'essai de fuite au siége a différentiel de
pression réduit;

d) précisions concernant I'essai de fuite au siége a basse température;

e) extension de la plage de dimensions pour la classe de fuite VI avec des diamétres du siege
inférieurs a 25 m et supérieurs a 400 mm;

f) inclusion d’essais de temps de manceuvre.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote

Le ripport de vote indiqué dans le tableau ci-dessus donne toute information surn le vote &

abou

La lapgue employée pour I’élaboration de cette Norme internationale esti\’anglais.
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Le cq
stabi
docu

65B/1208/FDIS 65B/1211/RVD

i a son approbation.

EC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.

ation des processus industriels, se trouve sur le/site web de I'lEC.

mité a décidé que le contenu du présent-document ne sera pas modifié avant la dai
ité indiquée sur le site web de I''EC sous webstore.iec.ch dans les données relativ
ment recherché. A cette date, le document sera
conduit,

ipprimé,

mplacé par une édition-révisée, ou

mendé.

yant

ésent document a été rédigé selon les Directives ISO/IEC, (Partie 2, il a été développé
les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC; Supplément IEC, disporlibles
www.iec.ch/members_experts/refdocs. Les principaux typ€s de documents dévelgppés

iste de toutes les parties de la série IEC 60534, publiées sous le titre général Vanngs de
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VANNES DE REGULATION DES PROCESSUS INDUSTRIELS -

Partie 4: Inspection et essais individuels de série

1 Domaine d’application

La présente partie de 'lEC 60534 spécifie les exigences relatives a l'inspection et aux essais
indivj[duels de série des vannes de régulation fabriquées conformément aux autres parti¢s de
'EC[60534.

Le pnésent document s'applique aux vannes dont les valeurs assignées de pression n'exceédent
pas felles de la classe 2500. Les exigences pour les actionneurs ne s'appliquent ql'aux
actiopneurs pneumatiques.

Le présent document ne s'appliqgue pas aux types de vannes de€-~régulation destinées a
fonctjonner dans des applications radioactives, des installations de 'sécurité a I'épreuve du feu
ou pour d'autres conditions de fonctionnement dangereuses: Si une norme sur le
fonctjonnement dangereux est en contradiction avec les exigences du présent documgnt, il
convlent de faire prévaloir la norme sur le fonctionnement dangereux.

NOTE| Le présent document peut étre étendu aux valeurs assignées de pression supérieures par accord| entre
I’achejeur et le fabricant.

2 Reéférences normatives

Les documents suivants sont cités dans le\texte de sorte qu’ils constituent, pour tout ou partie
de lgur contenu, des exigences du present document. Pour les références datées, seule
I’éditlon citée s’applique. Pour les références non datées, la derniére édition du documept de
référence s'applique (y compris les@ventuels amendements).

IEC 60534 (toutes les parties),\Vannes de régulation des processus industriels

3 Termes et définitions

Pour|les besoins-du présent document, les termes et définitions de la série IEC 60534 [ainsi
que les suivants s'appliquent.

L'ISQ et [IEC tiennent a jour des bases de données terminologiques destinées a étre utilsées
en ngrmalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

échelle de réglage au banc

échelle de pressions a I'actionneur pour laquelle 'actionneur effectue sa course assignée dans
les deux sens, compte tenu des forces de frottement, la vanne n'étant pas mise sous pression

Note 1 a l'article: L'échelle de fonctionnement de I'actionneur, c'est-a-dire lorsque la vanne est installée dans des
conditions de fonctionnement réelles, est différente de I'échelle de réglage au banc.
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3.2

zone d'insensibilité

échelle finie des valeurs a l'intérieur de laquelle une inversion du sens de variation de la
variable d'entrée ne génére pas de changement détectable de la variable de sortie (voir la
Figure 1)
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c) Hystérésis avec zone d'insensibilité

Figure 1 — Hystérésis et zone d'insensibilité
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3.3

erreur de zone d’insensibilité

valeur maximale de I'étendue de la zone d'insensibilité (rapportée a I'étendue de I'échelle de
mesure)

3.4

hystérésis

propriété d'un dispositif ou d'un instrument qui consiste a donner pour les mémes valeurs
d'entrée des valeurs de sortie différentes, suivant le sens de variation appliqué aux valeurs
d'entrée (voir la Figure 1)

3.5 J

erreyr d'hystérésis
écarfl maximal entre les deux courbes d'étalonnage de la variable mesurée tel qu'il\est obtenu
en ligant un indicateur dans le sens de la montée et dans le sens de la desgente sur foute
I'échelle et en soustrayant la valeur de la zone d'insensibilité

3.6
inspection et essais de type
inspgction et essais réalisés par le fabricant suivant ses propres procédures pour vérifief que
des groduits fabriqués suivant les mémes procédures satisfont aux{exigences de la commpande

Note 1 a l'article: 1l n’est pas nécessaire que les produits inspectés et soumis a I'essai soient ceux effectivement
fournig.

3.7
inspection et essais réels
inspgction et essais réalisés avant livraison suivant.les exigences techniques de la commande,
sur lg¢s produits a livrer ou sur des unités d'essai"dont les produits fournis font partie, afjn de
veérifier que ces produits satisfont aux exigencés de la commande

4 Exigences

4.1 Généralités

Chadue vanne de régulation’ doit étre soumise aux essais obligatoires spécifiés daps le
Tablg¢au 1. Les essais supplémentaires spécifiés sont soumis a accord entre le fabricgnt et
I'acheteur. Une récapitulation des inspections et des essais individuels de série comme| cela
est spécifié par le présent document est fournie a I’Annexe B.
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Tableau 1 — Essais

Essai Catégorie Référence

1. Essai hydrostatique de I'enveloppe M 4.2et54

2. Essai de fuite au siege M 4.3etb5

3. Essai de la garniture d’étanchéité M b 4.4et56.2

sb 4.4¢et56.3

4. Course assignée de la vanne @ M 45et5.7

5. Zane d’insensibilité @ S 46et58

6. apacité de débit S 4.7 et IEC 60534=213

7. aractéristique de débit S 4.7 et IEC 60534-2-4

8. KEssai de temps de manceuvre S 5.9

M = ¢bligatoire

S = qupplémentaire

Pour| des raisons de sécurité, I'essai hydrostatique de I'enveloppe doit étre réalisé en premier. Il convient

d'eff¢ctuer les autres essais dans I'ordre donné ci-dessus.

2 Lps résultats des essais effectués sur une vanne dans des conditions statiques, en usine, ne corresporjdent
généralement pas au fonctionnement dans les conditions de fonctionnément. Le présent document est
upiquement destiné a servir de recommandation dans les négociations*éntre le fabricant et 'acheteur ¢n ce
qui concerne les conditions d'essai d'une vanne particuliere.

b |lessai de la garniture d’étanchéité doit &tre réalisée pendani I'essai hydrostatique de I’enveloppe [si la
gprniture d'étanchéité est installée pendant cet essai conforrnément aux 4.4 et 5.6.2. L’essai supplémerftaire
de la garniture d'étanchéité peut également étre réalisé conformément aux 4.4 et 5.6.3 au choix ou selop les
spécifications du client.

4.2 | Essai hydrostatique
Toutgs les vannes de régulation montées, a l'exclusion des éléments rapportés par soufure,
équipées ou non de leur actionneut, doivent étre soumises a un essai hydrostatique cgmme
cela pst spécifié en 5.4.
4.3 | Essai de fuite au siége
Le fdbricant doit spécifier si le taux de fuite réalisable est inférieur au débit maximal de|fuite
admip. Sous réservé d'un accord entre le fabricant et I'utilisateur, le débit réel de fuite, le débit
de fufite admis et.la.pression d’essai correspondante peuvent étre consignés dans le cerfificat
final.
La fujte doifétre désignée par le code suivant:
| 2 2
Classe de fuite Fluide d'essai Procédure d'essai
suivant le Tableau 3: G: air ou azote 10u?2
laVl L: eau

Exemple: II1 L 1

L’'essai de fuite au siege tel qu’il est décrit en 5.5 doit étre réalisé sur chaque vanne.
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Les présentes dispositions relatives a la fuite au siége ne s’appliquent pas aux vannes de
régulation dont les coefficients de flux assignés sont inférieurs a:

K,=0,086; C,=0,1

Il est prévu que la classe VI s'applique seulement aux vannes équipées de siéges résilients.

NOTE 1 Cette partie de la norme ne peut pas étre utilisée comme base pour la prédiction de la fuite lorsque la
vanne de régulation est installée dans les conditions de fonctionnement réelles.

NOTE 2 Les débits de fuite réel et admis, ainsi que la pression d’essai correspondante, peuvent également étre
inclus[dans Te ceriifical d essai sous réserve dun accord entre le fabricant et 'acheteur.

4.4 | Essai de la garniture d’étanchéité

Cet dgssai, tel qu’il est décrit au 5.6, s’applique a la garniture d’étanchéité principale de la vanne.
La garniture d’étanchéité secondaire des soufflets peut étre exclue du présentyessai lorsql’elle
n’'est|pas sous pression pendant I’essai hydrostatique.

4.5 | Essai de course assignée de la vanne

Le réglage de la course des vannes de régulation doit étre vérifié par des essais en ysine
comme cela est décrit au 5.7.

4.6 Essais de zone d’insensibilité

Le byt de I'essai de zone d'insensibilité est de mesurer la variation du signal de commjande
exigg pour provoquer une inversion du mouvement de la tige (ou de I'arbre) a environ 25 %,
50 %|, et 75 % de la course assignée de l'actionneur de la vanne. Ces essais, comme cela est
décrif au 5.8, doivent étre réalisés sur 'assemblage a livrer.

4.7 | Essais complémentaires

Des pssais complémentaires tels que la capacité et la caractéristique du débit, le temps de
mandgeuvre, I’hystérésis, etc. (qui sont en dehors du domaine d'application de la présente
normee), lorsqu'exigés, doivent faire I'objet d'un accord entre le fabricant et I'acheteur.

5 Procédures d’essai

5.1 Instruments de mesure
5.1.1 Géneéralités

Les perfoarmances des instruments de mesure sont fondées sur I'lEC 61298. L’installatign de
tous Jesdinstruments doit étre capable de satisfaire aux exigences d’exactitude.

5.1.2 Instruments de mesure de la pression

Les instruments de mesure de la pression analogiques ou numériques utilisés dans les essais
doivent étre de type indicateur ou enregistreur, mais doivent étre installés de maniére a bien
représenter la pression réelle dans la piéce soumise a l'essai. Les instruments de mesure
doivent étre capables de mesurer la pression d’essai dans une limite de +5 % de la pression
d'essai exigée. Pour l'essai de la zone d'insensibilité, I'inexactitude des instruments ne doit pas
dépasser 0,5 % de I'échelle compléte, et le signal maximal ne doit pas étre inférieur a 50 %
de I'échelle de l'instrument. La lecture des positionneurs numériques fixés peut étre utilisée
pour le mesurage de la pression si 'exactitude déclarée est conservée.
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5.1.3 Instruments de mesure du débit

L’exactitude des instruments utilisés pour mesurer la fuite au sieége doit étre dans une plage de
+10 % de la pleine échelle et ils doivent étre utilisés entre 20 % et 80 % de la plage de I'échelle.

5.1.4 Instruments de mesure de la course

L’exactitude des instruments utilisés pour mesurer la course doit étre dans une plage de +0,5 %
de la course assignée. Les positionneurs numériques peuvent étre utilisés pour les mesurages
de la zone d’insensibilité si la répétabilité est de +0,5 % ou mieux.

5.1. Etalonnage

La cgnservation de I’exactitude des instruments de mesure doit faire partie des responsalfilités
du fabricant de la vanne. Des enregistrements d'étalonnage doivent étre présentés|a la
demgnde.

5.2 Fluide d'essai

Le fluide d'essai doit étre un liquide ou un gaz, comme cela est spécifié“dans la description de
chaqgle essai.

a) Ppur un liquide: eau a une température comprise entre 5£C-¢et 50 °C. L'eau peut contenir
uhe huile soluble ou un inhibiteur de corrosion.

b) Ppur un gaz: air ou azote propre, a une températdre comprise entre 5 °C et 50 °Q. De

I’'hélium ou de I'azote gazeux propres peuvent également étre utilisés pour I'essai de|fuite
al siége a basse température a I'aide de corrections de pression et de température données
dans la note c du Tableau 2.

5.3 | Outillages d'essai

Les ¢utillages d'essai ne doivent pas soumettre la vanne a des contraintes extérieurep qui
peuvent' affecter les résultats d'essai,

NOTE| L'appareillage d'essai peut appliquer des charges externes suffisantes pour compenser la réaction des forces
dues 4 la pression d'essai.

Lorsqu’il utilise un appareillage et des procédures d’essai différents de ceux qui sont détpillés
dans|le présent document, le fabricant doit étre capable de démontrer I’équivalence d¢ ses
procgdures d’essai et(de ses critéres d'acceptation avec les exigences du présent documgnt.

Lorsque des obturateurs sont utilisés pour les vannes a souder en bout, le point d'étanchéité
doit Btre aussi‘proche que possible de l'extrémité a souder sans dépasser la contrainte
admipsiblesurila zone a souder.

5.4 | Essai hydrostatique

Un essai hydrostatique de I'enveloppe doit étre réalisé conformément au code (ou a la norme)
de conception de la vanne et/ou aux réglementations locales applicables.

Si une vanne posséde une double relation pression/température assignée (caractéristique
assignée de la relation pression/température amont supérieure a 'aval), il peut étre nécessaire
de séparer la partie haute pression de la vanne de la partie basse pression a l'aide
d'une barriere temporaire et de soumettre a I'essai chaque partie a sa pression d’essai
respective.

Les pieces telles que les soufflets, les membranes, les contre-sieges ou les garnitures
d’étanchéité qui peuvent étre endommagées par la pression d'essai hydrostatique, peuvent étre
temporairement retirées. Si I’essai hydrostatique est réalisé avec une garniture, celle-ci doit
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