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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént‘may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Contmittee ISO TC 86, Refrigeration and air-¢onditioning,
Subcpmittee SC 1, Safety and environmental requirements for refrigerating systems, in collabpration with
the Huropean Committee for Standardization (CEN) Technical Committee CEN/TC 182, Refrigerating
systems, safety and environmental regilirements, in accordance with the Agreement dn technical
coopgration between ISO and CEN (Vienna Agreement).

This|first edition is based on EN«12284:2003.

Any feedback or questions on.this document should be directed to the user’s national standprds body. A
complete listing of these.bodies can be found at www.iso.org/members.html.
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Introduction

This document is intended to describe the safety requirements, safety factors, test methods, test
pressures used, and marking of valves and other components with similar bodies for use in refrigerating
systems.
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Refrigerating systems and heat pumps — Valves —
Requirements, testing and marking

1 Scope

This document specifies safety requirements, certain functional requirements, and marking of valves

and ﬁmmmmmmmmrﬁm
including heat pumps.

This

This
pres
This
into
This

burs
of th

document includes requirements for valves with extension pipes.

q

document describes the procedure to be followed when designing yalyé parts
sure as well as the criteria to be used in the selection of materials.

document describes methods by which reduced impact values at low’temperatures
hccount in a safe manner.

document applies to the design of bodies and bonnets-fdr pressure relief devicd
Fing disc devices, with respect to pressure containmentbutit does not apply to any o
e design or application of pressure relief devices.

In addition, this document is applicable to valves with agnaximum operating temperature n

200

2

The
cons
unda

ISO 1

ISO |
Defin

1S0/
EN 1
EN 1

C and a maximum allowable pressure not exceeding 160 bar1).

Normative references

following documents are referred to:in the text in such a way that some or all of t
Fitutes requirements of this dogument. For dated references, only the edition cited
ted references, the latest editionof the referenced document (including any amendme

48-1, Metallic materials. Gharpy pendulum impact test — Part 1: Test method

149-1, Refrigeratingsystems and heat pumps — Safety and environmental requiremen
itions, classification-and selection criteria

[R 15608, Welding — Guidelines for a metallic material grouping system
2516-2, Industrial valves — Shell design strength — Part 2: Calculation method for steel |

B445+3,\Unfired pressure vessels — Part 3: Design

ing systems

ubjected to

ay be taken

s, including
ther aspects

bt exceeding

heir content
applies. For
hts) applies.

ts — Part 1:

alve shells

EN 1

4276-2:2020, Pressure equipment for refrigerating systems and heat pumps — Part

. Piping —

General requirements

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5149-1 and the following
apply.

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

I

I

SO Online browsing platform: available at https://www.iso.org/obp

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

1) 1bar=0,1 MPa.

© ISO

2021 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=9cbc236f610e6fafe6eaca012e28ecca

ISO 21922

3.1
valve

:2021(E)

device with a pressure enclosure and an intended additional functionality, such as influencing the fluid
flow by opening, closing or partially obstructing the passage of the flow or by diverting or mixing the
fluid flow, indicating moisture content or filtering the fluid flow

Note 1 to entry: A device with a pressure enclosure and an intended additional functionality is designated as
pressure accessory according to the European Pressure Equipment Directive 2014/68/EU.

3.2

extension pipe

ctad

piping conn
of the valve

Note 1 to ent

Note 2 to enf
that the pres
the verificati

3.3
valve assen
combinatioj

EXAMPLE

34
operating 1
combinatior

3.5
nominal siZ
DN
alphanumer
purposes c(
related to th

Note 1 to ent

Potceor

itself

taavaluvabhutha valuag manufactiirar vwhich doac nat influanca tha nraccirg ot
toOov oy E- Oy trrev oV C oot ta T O vy e e O e S o T ra e e e e e preooar ety

Fy: Extension pipes often have different diameters in two ends.
ry: The application of extension pipes is determined by the manufacturer and has’the adva

bure strength verification of the extension pipes becomes independent of the safety factors us
bn of the valve.

hbly
| of a valve and one or more extension pipes

An example of a valve assembly is given in Clause H.6.

ange
| of temperature and pressure conditions at which the valve can safely be operated

e

ic designation of size for components of a pipework system, which is used for refet
mprising the letters DN followed by a dimensionless whole number which is indin
e physical size, in millimetres, of the bore or outside diameter of the end connections

ry: The number following-the’letters DN does not represent a measurable value and should 1

used for calcfilation purposes exceptwhere specified in this document.

Note 2 to ent
internal dian

Note 3 to ent
opening.

Note 4 to ent

ry: Where the nominalsize is not specified, for the purpose of this document it is assumed to |
eter of the pipe.or.component in mm (DN/ID).

ry: Nominalisize is not the same as port size which is commonly used for the size of the valv

Fy: Foryadditional information regarding the DN system, see Annex [.

ngth

htage
bd for

ence
ectly

ot be

e the

P seat

709.
7 U0,

[SOURCE: IS
3.6

nominal pressure

PN

numerical designation which is a convenient rounded number for reference purposes

Note 1 to entry: All equipment of the same nominal size (DN) designated by the same PN number shall have
compatible mating dimensions.

[SOURCE: IS

3.7
corrosion

0 7268:1983/Amd.1:1984, modified]

all forms of material waste (e. g. oxidation, erosion, wear and abrasion)

2
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3.8

maximum operating temperature

highest temperature that can occur during operation or standstill of the refrigerating system or during
testing under test conditions

3.9

minimum operating temperature

lowest temperature that can occur during operation or standstill of the refrigerating system or during
testing under test conditions

3.10

presstuare bear ;us pat t
part|which is subject to stress due to internal pressure greater than 50 kPa (0,5 bar) gauge

3.11
main pressure bearing part
part|which constitute the envelope under pressure, essential for the integrity bfithe equipmpent

Note [l to entry: Examples are bonnets, housings, end covers and flanges.
[SOURCE: EN 13445-1:2014]

3.12
seatftightness class
lettel from A to G indicating the internal tightness of the valye'across the valve seat(s)

3.13
competent body
third party organisation which has recognized competence in the assessment of quality sygtems for the
manfifacture of materials and in the technology6f'the materials concerned

Note |l to entry: National legislation can place additional requirements on the competent body dep¢nding on the
market for which the valve is intended.

3.14
type of valve connection
stanglard and size of the valve conhection to other equipment directly fixed to the valves end

Note[l to entry: Possible types of valve connection are e.g.
a) INPS 2,i.e. a butt-welding connection to ASME/ANSI B 36.10 2 inch steel pipe,
b) NPT ?':,i.e.ascréwed connection with % inch male end according to ASME/ANSI B 1.20.1,

c¢) EN1092-1¥/1/C/DN 200 x 6,3/PN 40, i.e. a flange type 11 with facing type C (tongue) of nominal size DN 200,
yall thiekness 6,3 mm, PN 40.

3.15
pressure-sensitivepart
part of a valve which will not have a reliable function after exposure to the greater of 1,5 times PS and
1,25 times PS,,

Note 1 to entry: Examples include bellows, diaphragms or float balls.

3.16

spindle

part of the valve which actuates the intended functionality, e.g. opening or closing for influencing the
fluid flow

Note 1 to entry: A valve does not necessarily need to incorporate a spindle.

© IS0 2021 - All rights reserved 3
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3.17

maximum allowable pressure

PS

maximum pressure for which the valve or valve assembly is designed, as specified by the manufacturer

3.18

maximum allowable pressure at ambient temperature (-10 °C to + 50 °C)

PS,

maximum pressure for which the valve or valve assembly is designed, as specified by the manufacturer,
at ambient temperature (-10 °C to + 50 °C)

4 List oflsymbols

Symbols us¢d in this document are given in Table 1:

Table 1 — List of symbols

A Elongation after fracture where the measured length is equal or greater than)0,4| mm
times of diameter of the rod
Ag Elongation after fracture where the measured length is equal to 5 times of di-|%
ameter of the rod
a Lifetime in years for calculating effect of corrosion; typically/20wyears —
Cq Factor to compensate for the quality of a casting —
D Diameter of the hand-wheel mm
O Negative wall thickness tolerance mm
€act Actual wall thickness at given measuring points:ef'the valve to be tested mm
eg Reference thickness is the minimum materiakthickness needed to give adequate| mm
strength to pressure bearing parts
e. Reduction in wall thickness caused by 0ccurrence of corrosion mm
€con Component wall thickness as specified in the design drawing mm
F Operating manual force to sizeithe manual operating element N
F Maximum manual force to size the manual operating element N
KV Impact rupture energy ]
KV, Threshold value of impact rupture energy, where the impact rupture energy is|]
defined as independént of the temperature
KVt Standard valuéofimpact rupture energy at standard temperature of the material |]
KV1s min Impact ruptuf'e energy at minimum operating temperature TS, ;, J
Ky Rate of flew of water in cubic metres per hour for a differential pressure 4p of|{m3/h
1 bar{0;1 MPa) at the rated full opening
L Iceakage in percent of Ky %
l Length of the lever or radius of the crank circle mm
Pp Maximum allowable design test pressure bar
PS Maximum allowable pressure bar
PS, Maximum allowable pressure at ambient temperature (=10 °C to + 50 °C) bar
PStg max Maximum allowable pressure at maximum operating temperature bar
PSts min Maximum allowable pressure at minimum operating temperature bar
Prost Minimum burst test pressure (greater than Pg) bar
p1 Upstream pressure bar
P, Downstream pressure bar
Ap Differential pressure bar

NOTE 1bar=0,1MPa.

4 © IS0 2021 - All rights reserved
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Table 1 (continued)

p' Testing pressure of each valve after production bar
Qu Mass flow rate kg/h
Qy Downstream volume flow rate m3/h
R.1p Yield strength, 1,0% offset MPa, N/mm?
Re10Tsmax |Yield strength, 1,0% offset at maximum operating temperature MPa, N/mm?
Re 0.2 Yield strength, 0,2% offset at ambient temperature MPa, N/mm?
RID 0.2 Proof strength, 0,2% offset at ambient temperature MPa, N/mm?
R, o rrsmmTRreotstrength-0-2%0-oHsetatmininum-operating-temperature MPa; N/mm?
Ry 0,4/t Proof strength, 0,2% offset at temperature t MPa,[N/mm?
Ry 04 Tsmax |Proof strength, 0,2% offset at maximum operating temperature MPa,|N/mm?
Rp 1, Proof strength, 1,0% offset at ambient temperature MPa,{N/mm?
Ry Upper yield strength MPa,|N/mm?
Roysmax  |Upper yield strength at maximum operating temperature MPa,{N/mm?
R, Tensile strength MPa,|N/mm?
R 14 max Tensile strength at maximum operating temperature MPa|N/mm?
Ry, de Actual tensile strength of the material of the valve to be tested MPa,|N/mm?
Ry cdn Tensile strength used for the design MPa,|N/mm?
p Density of the actual fluid kg/n|13
Po Density of water at 15,5 °C kg/n|13
P1 Upstream density kg/nil3
P2 Downstream density kg/nll3
Sc Factor to compensate effects of corrosion —
Scon Factor for the calculation of the bufst'test pressure taking into account the tensile| —

strength according to Table A.%
Sg Factor to allow for forming —
Sts lin Factor taking into consideration the impact rupture energy reduction due to|—

minimum operating-temperature
S1s rax Factor to allow forjthe reduction in strength due to the maximum operating|—

temperature
S Factor to allow for the test pressure —
Ocon Initial design stress MPa,|N/mm?
Ocorr Allewable stress values derived from o, MPa,|N/mm?
tmin 15 Lowest temperature at which pressure bearing parts can be used, if their load |°C

amounts to 25 % of the allowable design stress at 20 °C, taking the safety factors

according to Table A.1 into account
tmin s Lowest temperature at which pressure bearing parts can be used, if their load|°C

amounts to 75 % of the allowable design stress at 20 °C, taking the safety factors

according to Table A.1 into account
Emin 100 Lowest temperature at which pressure bearing parts can be used, if their load|°C

amounts to 100 % of the allowable design stress at 20 °C, taking the safety factors

according to Table A.1 into account
TR Design reference temperature is the minimum operating temperature TS,;, ad-

justed. Used when determining TS,,;, based on reference thickness ey
Tg Temperature adjustment of the design reference temperature Ty
Tyxv Impact test temperature
TS Operating temperature °C
TS hin Lowest operating temperature °C
NOTE 1 bar=0,1 MPa.
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Table 1 (continued)

TS ax Maximum operating temperature °C

T Torque, under specified conditions, to operate the valve Nm

T, Maximum torque, under specified conditions, to seat or unseat the obturator or|Nm
to overcome temporary intermediate dynamic conditions

%4 Inner volume of a valve 1

X Correction of the actual wall thickness relative to the wall thickness of the design | —

A

K assigns the value P —

Y Correction on the basis of current strength values of the test sample relative to|—
the strength parameters for the design of valves

Z Factor to allow for the quality of a joint (e.g. welded joint) —

d Wall thickness reduction per year min

NOTE 1 bar 0,1 MPa.

5 General requirements

5.1 Insta]lation and operation

Valves and ¥
the relevant

Relevant ref]
a)
b)
c) ANSI/A

ISO 514
IEC 603

d) EN 3784
The applicaf

NOTE1 W
valve (see 3.1

NOTE 2
pipes becomg

The lowest
allowable p

ralve assemblies shall be designed for the operationakloads and conditions as specifi
refrigerating system safety standard.

rigerating system safety standards include:

D-1, 1SO 5149-2 and 1SO 5149-4,

35-2-40,

SHRAE Standard 15,

1, EN 378-2 and EN 378-4.

ion of extension pipes i§ détermined by the manufacturer.

hen extension pipesCare applied, the finished device is a valve assembly (see. 3.3) consistin
) and extension pipes (see 3.2).

The application.of extension pipes has the advantage that the pressure strength verification

s independent of the safety factors used in the verification of the valve body.

perating temperature (7S,,;,), maximum operating temperature (TS,,,,), and the maxi

resSure (PS) shall be the same for extension pipes and valve assemblies as for the

incorporate

ed in

b of a

f the

mum
ralve

1 in'the valve assembly.

The manufacturer shall classify the category of the valve, extension pipe, and valve assembly according
to Annex H as appropriate.

5.2 Components under pressure

All parts of the valve or valve assembly shall be designed and manufactured to remain leak proof and to
withstand the pressures which may occur during operation, standstill and transportation, taking into

account the

thermal, physical and chemical stresses to be expected.
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5.3 Excessive mechanical stress

After installation, valves and valve assemblies, especially valves for hot gas defrosting, shall not be
under excessive mechanical stress from fitting of the pipe or from temperature variations during
operation.

NOTE Hot gas defrosting can produce hydraulic shocks resulting in transient pressures in excess of PS.

5.4 Tightness

The valve or valve assembly shall not leak to the outside when tested as described in 9.2. Valve seats
shall[Sealto a degree specified 1n 9.3.

5.5 | Functioning of hand-operated valves

er functioning of hand-operated valves shall be ensured for the entire operating range up to the

fable pressure PS and the associated allowable temperature TS.

Prop
allow

5.6 | Functioning of actuator-operated valves

an external
ifacturer.

er functioning of actuator-operated valves operated by the’ fluid or by energy from
Ce, shall be ensured for the entire operating range, which isto be specified by the mant

Prop
sour

6 Materials

6.1 | General

6.1.1 Using metallic materials

shall allow
als shall be
used in each

Metallic materials, included welding filter metals, solders, brazing metals and sealants,
for the thermal, chemical and mechanical stresses arising in system operation. Materi
resisftant to the refrigerants, solvents (in absorption systems) and refrigerant-oil mixtures

particular case.

NOTH o be found in

EN 1]

Alist of suitable materials is found in Annex E of this document. Steel information can als
445-2 or ASME B 31,5}along with other useful information.

If md
draw

terial propertiegs-are changed during the method of manufacture (e.g. through weld
ing) to suchan.extent that the strength and/or Charpy notch energies, according to I§

redu

red, these reduced values shall be taken into consideration by corrections or shall 4

ing or deep
0 148-1, are
e subject to

suitable compensatory material treatment (e.g. heat treatment).

Residluakstress can e.g. decrease impact strength and increase stress corrosion (see Anngx L). Where

releviant) it shall be verified that the residual stress does not impose adverse implications.

Materials with a deformation higher than 2 % shall be heat treated with the respective material
specifications. Alternatively, the proof against inner pressure shall be verified by test, if no heat
treatment is used.

6.1.2 Using non-metallic materials

It is permitted to use non-metallic materials, e.g. for gaskets, coatings, insulating materials, and
sightglasses, provided that they are compatible with other materials, refrigerants and lubricants.

The compatibility of rubber and thermoplastic sealing materials and flat gaskets shall be evaluated
according to Annex K.

© IS0 2021 - All rights reserved
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6.2 Requirements for materials to be used for pressure bearing parts
Materials listed in this document (see Annex E) have been identified for use in valves.

Lamellar cast iron shall not be used but nodular cast iron can be used down to temperatures at which it
can be proved to achieve overall levels of safety equivalent to alternative materials.

NOTE EN 1563 contains information on nodular cast iron.

Free-cutting steel generally does not have the impact strength, KV, required for pressure bearing
parts. It may be used for pressure bearing parts where pressure is not a significant design factor.

Where new [materials are proposed, the design shall be carried out using Annexes A to D providef the
yield strength or proof strength, as applicable, at the maximum operating temperature and tlie impact
rupture enejrgy at the lowest operating temperature are known. If these properties are not\kraowh the
material sh3ll not be used.

6.3 Compatibility of connections

Materials which are to be physically joined shall be suitable for an effective contiection, depending on
the particulpr materials used and on the dimensions of the piping specified.

6.4 Ductility

Materials which are to be considerably deformed shall be sufficiently ductile and capable of being heat
treated where necessary.

6.5 Ageing

Materials fof pressurized parts shall not be significantly affected by ageing.

6.6 Castipgs

Castings shpll exhibit a low stress level."If they are not subjected to stress relief heat treatment,
controlled cpoling shall be ensured after‘the casting process and after any heat treatment which| may
have been applied.

6.7 Forged and welded components

Forged and [welded componeénts shall be fabricated from suitable materials (e.g. weldable close grain
low carbon $teel) and shall be heat treated where the combination of operating temperature, operpting
pressure anfd wall thickness indicates by calculation that heat treatment is necessary.

Free-cutting steekis not qualified for welding.

6.8 Nuts, bolts and screws

Materials for nuts, bolts and screws for joining housing parts subject to pressure loads shall exhibit
the correct characteristics for the material over the full range of the application limits for the nuts,
bolts and screws defined by the operating temperature, whereby the following minimum values for the
elongation at fracture and notched impact rupture energy shall be achieved. The test piece for impact
rupture energy measurements shall be taken parallel to the drawing or rolling direction, and the notch
orientation shall be perpendicular to the drawing or rolling direction.

a) for ferritic materials an elongation at fracture Az > 14 %;

b) for cold formed austenitic materials an elongation at fracture 4; > 0,4 x d;

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=9cbc236f610e6fafe6eaca012e28ecca

IS0 21922:2021(E)

c) for lowest operating temperature TS, ;, = -10 °C: a notched impact rupture energy KV at 20 °C for
tempered alloyed steels of at least 52 ] and of at least 40 ] for tempered carbon steels (ISO V test-

piece);

d) forlowestoperating temperature of TS;, < -10 °C: a notched impact rupture energy KVat TS,;,, of

atleast 40 ] for tempered carbon steels and tempered alloyed steels (V test-piece).

NOTE Some suitable materials are given in Annex E of this document.

6.9 Spindles

Matgriatforspimdies strattbecorrosionrresistant toensure safe operation, anmd shrattexthibitjappropriate
material characteristics over the complete operating temperature range.

6.1( Glass materials
Glasg shall be free from listers, crystaline enclosures and surface irregularities,

Therimal reinforcement (tempering) of glass should only be applied for strength reasons.

6.11 Requirements for documentation

Matgrial test certificates shall be provided by the manufacturer to ensure that the mpterial used
confprms with the required specification and that it is traceable from receipt through prjoduction up
to thie final test, preferably at the time of delivery and not'later than the time of commissioning. Any
requjred inspection certificate shall be prepared on behalf of and signed by the competent|{person who
carried out the inspection, test, or checking.

Each|certificate shall be one of the following 3 typeés:
— (ertificate type 1: A certificate declarinig-compliance with the order.

— (ertificate type 2: A test report,showing compliance with the order. The material tested may be
from a different batch than the material supplied.

— (ertificate type 3: A certificate declaring compliance with the order and in which test results are
gupplied. The material tésted shall be from the same batch as the material supplied.

NOTHE 1 ISO 10474 inspection documents type 2.1, 2.2, and 3.1 are examples of certificate types 1, 2, and 3
respgctively for steel and steel products.

NOTH 2  EN 10204-inspection documents type 2.1, 2.2, and 3.1 are examples of certificate typ¢s 1, 2, and 3
respdctively for-all metallic materials.

The requirements for material test certificates depend on the category of the valve, a$ defined in
Anngx Hyand the function of the material in the valve.

Certificate type 1 or higher is required for materials used in:

— valves and extension pipes of category less than I, and

— for non pressure bearing parts.

Certificate type 2 or higher is required for materials used in:

— Pressure bearing parts of category I valves and extension pipes, and

— Nuts, bolts and screws of valves of category II to IV, unless its failure would result in a sudden
discharge of pressure energy.

Certificate type 3 is required for materials used in main pressure bearing parts of category II, III
and 1V valves and extension pipes, and for nuts, bolts and screws where its failure would result in a
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sudden discharge of pressure energy. These certificates shall be verified by a competent body, or the
manufacture shall be approved for doing this verification by a competent body.

NOTE1 Nuts, bolts and screws are typically used in a way where the failure of a single nut, bolt or screw will
result in a leak, but not result in a sudden discharge of pressure energy.

NOTE 2  European Pressure Equipment Directive 2014/68/EU allows “attachments” of category 1 valves to use

inspection type 2.1, and for higher categories to use type 2.2. For simplicity the requirements in this document
are slightly higher.

6.12 Impact energy KV measurement on sub-sized specimens

If full size Charpy specimen cannot be extracted from components and welds, sub-sized specijnens
shall be tested. Impact tests should be performed on the maximum thickness which can berextracted
from the coinponent under consideration.
The requiref energies for sub-sized specimens are given in Table 2. To represent the behaviour of p full
thickness specimen a lower impact test temperature shall be applied. The temperature shifts shallpe in
accordance with Table 2.
Table 2 4 Equivalent impact energy requirements when sub-sized specimens are extracted
from thicker sections
Reqpuired impact Specimen
cross-sectional Sub-sized specimen requirement
energy
geometry
Specimen
cross-section- | Impact test temper-
Kv1]] [mm x mm] kv]] al geometry ature
[mm x mm]

27 10 x 10 20 7,5x10 Txy-5K

27 10 x 10 14 5x10 Ty -20K

40 10 x 10 30 7,5 x 10 Txy -5 K

40 10 x 10 24 5x 10 Ty -20 K

20 7,5 x10 14 5x 10 Tyy -15K

30 7,5x.10 20 5x10 Ty -15K

14 5x10 — — —

20 5x10 — — —
7 Design
7.1 Genefal

The construction of a valve or valve assembly shall be suitable for using a valve or valve assembly at the
pressure and temperature specified by the manufacture.

The design requirements herein cover parts subject to pressure constructed of materials defined in
Clause 6.

Particular attention shall be paid to smooth concave transitions of cross sections of the body design,
as sharp edges are liable to increase stress and may directly result in fracture or in stress corrosion
cracking (see Annex L).

Pressure enclosures using glass as material shall be in accordance with requirements of Annex |.

The valve design shall be so that any liquid trapped internally shall be safely relieved or contained.
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7.2 Maximum allowable pressure

The maximum allowable pressure PS shall be defined by the manufacturer and the valve or valve
assembly strength shall be verified taking the PS into account.

NOTE [SO 5149-2 does not allow the system to exceed the maximum allowable pressure PS except during the
short period of time necessary for the pressure relief device to operate with a maximum value of 1,1 times PS.

A valve or valve assembly can have a PS which depends on the operating temperature. See Table 6.

7.3 Valve and valve assembly strength design

The yalve and valve assembly design shall be verified for sufficient strength in the entife operating
range.

There are two methods of verification for valves:
a) By calculation according to Annex A, C and D, or
b) By experimental method according to Annex B, C and D.

Anngxes A and B are used to verify the maximum allowable pressure at ambient tempefratures PS,,
Anngx C is used to determine PS, based on the maximum allowable pressure PS at higher tgmperatures
and [Annex D is used to determine PS, based on the maximum allowable pressure PS at lower
temperatures. Annex F provides background information for the methods of Annex D.

The yerification required depends on the category of the valve, as defined in Annex H. Hor valves of
category I or higher:

— For valves categorized by nominal size (DN)dn' Annex H: Where PS times DN is less than 3 000 the
yerification shall be done either by calculation or by experimental method. Where PS|times DN is
3 000 or more the verification shall be done by calculation.

For valves categorized by volume (¥A)-in Annex H: Where PS times Vis less than 6 000 the verification
ghall be done either by calculation’or by experimental method. Where PS times Vis 6 P00 or more
the verification shall be donetby calculation.

For valves of category less than the verification shall be done either by calculation or by ekperimental
metHod.

NOTH National legislation can place additional requirements on design approval.

For yalves materials’with reduced ductility at low temperatures the allowed stress shall be reduced
according to Anwex D.

In addition.te the verification of the valve incorporated in a valve assembly, the valve assembly shall be
verifjedfor sufficient strength according to Annex G.

EXAMPLE Figure T ilustrates the relation between PS5, and PS. A PS, value of 28 bar has been verified in the
operating range -10 °C to 50 °C, the maximum allowable pressure at 150 °C has been verified using Annex C, and
the maximum allowable pressures at 60 °C and -80 °C have been verified using Annex D.

From this verification the manufacture can choose to state PS as a function of temperature (e.g. PS option 1 in

Figure 1), or any other value of PS (e.g. PS option 2 or 3 in Figure 1), as long as it doesn’t exceed the values which
have been verified.
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Figure 1 — Example: relationship between PS, and PS
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Table 3 — Test requirements for seat tightness

Seat tightness class Type test?2

A Zero bubbles or equivalent measured during one
minuteP

B Zero bubbles or equivalent measured during one
minute

C 0,1% of Ky

D 0,25% of Ky

E 0,5% of Ky

F 1% of Ky

G _c

a

H
press

b j

or type test the manufacturer shall measure the leakage at ambient temperature covering'th€ who
ure range. For manual valves, see Table 4 for suggested upper limits to the maximum differential pressy

or safety valves the manufacturer shall measure the leakage up to 0,85 x set pressure ofithe valve.

or seat tightness class G, testing shall be conducted to verify the seat tightness specified in the technical literature.

e differential
re.

Com

NOT]H
will

equired seat tightness class depends on the intended application ofthe valve:
Valves leading to the atmosphere permanently shall be seat tightness class A.
/alves leading to the atmosphere during service shall be seat tightness class A or B.
‘or other valves, seat tightness classes with lower requirements are allowed.
bonents with several valve seats, may have several seat tightness classes.

Safety valves are examples of valves where seat tightness class A is required, while mo
equire seat tightness classes A or B.

t stop valves

For manually closed valves, when testing the seat tightness, the seat shall be closed before the test

appl)

For v

applied successively to each erd)of the closed valve and tightness to the opposite end check

As al
gate
body
be aj
alter
solid
perfd

For (¢

ring the prescribed closing force:

alves of the double seating type such as many gate, plug, and ball valves, the test pres

ternate methods fornyvalves with independent double seating (such as double disc or
valves), at the option of the manufacturer, the pressure may be applied inside thg
) of the closed valve and each seat checked for tightness at the valve ports, or the p
bplied to the-yalve ports and the sum of seat leakage measured at the bonnet (or H
nate methods may be used at the option of the manufacturer for valves with single d
or flexible wedge gate valves) provided a supplementary closure member test acros
rmed.

ther valve types, the test pressure shall be applied across the closure member in t

ure shall be
ed.

split wedge
bonnet (or
'essure may
ody). These
scs (such as
s the disc is

he direction

producing the most adverse seating condition. For example, a globe valve shall be tested with pressure
under the disc. A check valve, or other valve type designed, sold, and marked as a one-way valve,
requires a closure test only in the appropriate direction. A stop check valve requires both tests.

7.6.2 Seat tightness: type test

The leakage rate L is specified as a percentage of the Ky value in the flow directions for which the valve
is designed to shut off the flow.

The manufacturer shall measure the leakage covering the whole differential pressure range for which
the valve is designed using gas (for instance air or nitrogen). The leakage rate L shall not exceed the

limit

Fors

© ISO

s given in Table 3 for type test.

eat tightness class G the leakage rate L shall be specified in the technical literature.
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Two-directional valves shall be measured in both directions. The greatest value measured is used for
calculating L by means of Formula (1) or (2).

When measuring the leakage rate of the seat, the seat shall be closed before the test applying the
prescribed closing force.

The leakage rate L can be determined by:

L=100%x Qu’py (M

VS

or

L=100Pbx Ov (2)

KVS

where

Qu 1s the mass flow rate in kilograms per hour of leaked air;

Qy 1is the downstream volume flow rate in cubic metre per hour of leaked air;

Ky is the rate of flow of water in cubic metres per hour for a diffefential pressure 4p of 1 bar gt the

rated full opening;

p, isthe downstream density in kilograms per cubic metze.
NOTE The calculation of the acceptable leak rate is independent of the pressure used when measurirg the
leak.
EXAMPLE 1 [ A valve has Kyg equal to 4,6 m3/h and the maximum seat leakage Qy measured downstregm of
15 mm3 air per minute is measured i.e. Qy=0,0009 m3/h. L can be calculated: L = 100% x 0,0009 / 4,6 = 0,02 %.
EXAMPLE 2 | A valve has Kyg equal to 300 m3/hand the maximum seat leakage Qy measured downstrepm of
1 000 mm3 (] cm3) air per minute is measured 1.€. Qy = 0,06 m3/h. L can be calculated: L = 100% x 0,06 / B00 =
0,02 %.
Valves with pack seat shall be checkéd to ascertain that the back seat is sufficiently tight to allow change
of valve packing without danger toythe operator.
7.7 Screwed spindles.and shafts
Spindles andl shafts shallbe secured against unintentional unscrewing.
The valve spjindle.shall be designed to avoid additional stresses within the valve so there is no risk |f the

spindle failg

under excessive torque.

Valve spind

forces.

€5 shall be designed to avoid sculfing between the spindle, the bonnet and the thread piece,
if any. This can be achieved by selecting materials which are compatible in respect of low frictional

Valve spindles shall be manufactured from such materials, which are resistant against corrosion caused

by refrigera

nt and its oil as well as the surrounding conditions (see Annex E).

7.8 Design of glands

It shall be impossible for any part of the gland assembly or the gland assembly as a whole to be
unscrewed and thus ejected by internal pressure. One method of achieving this is by using screw

threads of a

14

different pitch whereby the screw thread of the gland nut is of the minor pitch.
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Special design features are required in the case of temperatures below about - 40 °C in order to ensure
proper functioning over the whole range of allowable temperatures. One method of achieving this is by
providing a heated or thermally insulated extension of the bonnet.

Elevated temperatures require special design features to ensure a proper function of the valve.

7.9

Valve seats

Valves with seat diameters above 25 mm shall be designed so as to prevent sliding friction occurring
between the valve plate and the seat in the body, e.g. by providing a spindle capable of rotating against
a non-rotating valve plate. This does not apply for ball valves.

Whe

7.10
Caps

The

Screy
shall
be c4

Meth

Caps
with

Screy

Valvy
seali
emel

Fe soft materials are used for seats and valve plates the material shall be fixed andes

Caps
acting as seals shall be designed for adequate strength.

body or bonnet may be provided with a seal cap where the spindle passes throug
wved caps which are intended to act as a seal shall remain tight up*te-the allowable pre;
be so designed that the internal pressure decreases on openingybefore the screw thre
pable of sustaining the load.

ods of achieving this include a relief bore in either the cap or the valve body (see Figur

of valves which are not, in normal circumstances, to be used shall be capable of bei
a seal wire and a seal to allow only operation by-authorized persons.

v threads on valve caps shall be right-handed;

s intended for manual operation duringinfrequent maintenance operations shall be
hg cap in addition to the normal sealing of the valve unless the valve may be requirg

gency.

rained.

h the gland.
sure PS and
ad ceases to

D

e 2).

ng provided

itted with a
d during an
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Figure 2 — Example: Relief bore (left) and relief slot (right)
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7.11 Hand operated valves

Attention shall be paid to the need to equalize differential pressure if the valve nominal size and the
pressure difference are sufficiently high to require it. Equalization may be by external or internal
bypass. Please see Table 4 for information on maximum differential pressure for closing by hand. Valves
with DN less than 50 can be operated by hand with differential pressure up to 90 bar.

The manual forces and sizing of the operating element (hand-wheel or lever) shall be according to
Annex M.

Table 4 — Hand operated valves — Maximum differential pressure for closing by hand

DN 50 65 80 100 125 150 200 250 300 350 400

Maximurh

differentipl ]
pressurg 90 70 60 44 33 21 14 9 6 45 3,5

[bar] @
a  1bar=0,l MPa

Valves to be used for strength testing of pressure vessels, piping sectiofis,"or as valves for fiiture
extensions, [shall be leak tight in both directions. If the differential pressure is greater than given in
Table 4 the tequired closing torques shall be stated by the manufacturen

The opening characteristics of hand operated regulating valves shall be so designed that the opening of
the seat commmences at about two complete turns of the spindle (e:g. by providing a cylindrical bae on
the cone), and that the open flow cross section increases progréessively.

For hand opgrated valves used at extreme temperatures provisions shall be taken to avoid the opefator
getting burned or getting frost bite by the extreme temperatures.

7.12 Corrgsion protection

Unless valves and valve assemblies are made/of non-corroding materials, surfaces which are exgosed
to corrosion, e.g. flange surfaces, screw threads or the interior, shall be provided with an anti-corrpsive
agent or otherwise protected for dry storage at ambient temperature; this protection shall remain
effective for]at least one year under(dyy storage conditions.

Painting, copting, surface refinesrent and colour shall be at the manufacturer's discretion, unless|{such
treatments have been orderéd,by the purchaser.

The marking, as specifiéd in Clause 10, shall remain durably legible.

8 Appropriate manufacturing procedures
There shall @Wzalve

assembly. This applies particularly to jointing surfaces.

The contact faces on body and bonnet, on the gland and on the valve head and on the seat faces shall be
sufficiently smooth to ensure sealing.

All the internal surfaces and components likely to come into contact with the refrigerant shall be free
of any foreign matter, such as rust, scale, dirt, chips and the like. After completion of manufacture and
testing, the valve shall contain no liquid, except that required for corrosion protection, any such liquid
being without adverse effect on the refrigerant circuit.
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9 Production testing

9.1 Strength pressure testing

After production each valve and/or valve assembly shall be tested at a pressure p’ not less than the
greater of 1,5 times PS and 1,25 times PS,. This also applies to valve components tested separately.

For series produced valves of category I and less and series produced valve assemblies of category I and
less, as defined in Annex H, the production strength pressure test may be performed on a statistical
basis. The statistical method shall be documented.

NOT The European legislation for pressure equipment allows production strength pressufe tests on a
statigtical basis for category I, but it is state of the art not to use this for category I.

EXANPLE1  Avalveis designed with a PS of 21 bar, a minimum operating temperature IS¢, -30[°C and PS, of
28 bdr. The test pressure is the greater of

— 1,5 x 21 bar=31,5 bar and
— 1,25 x 28 bar = 35 bar.
L.e. the test pressure for production testing at ambient temperature is\at least 35 bar.

EXANMPLE 2 A valve designed with a PS depending on the the opérating temperature (see Table 6), and the
maximum value of PSis 28 bar. The value of PS is also 28 bar. The test’pressure is the greater of

— 1,5 x28bar =42 bar and
— 1,25 x 28 bar = 35 bar.
L.e. the test pressure for production testing at ambient temperature is at least 42 bar.

Wheh testing valves or valve assemblies which are fitted with pressure sensitive parts, the test may be
carried out at 1,1 times the maximum allewable pressure at ambient temperature PS, provided that
testsaccording to B.1.4 are carried outon'a statistical basis.

Strength pressure tests may be performed without internal parts which would not withstiand the test
presgure.

Unddr the test pressure, maimntained for sufficient time to give reliable results, the specimep shall show
no visible defects.

If th¢ strength pressure test is carried out using gas (e.g. air or nitrogen) then provisions shall be taken
to ayoid risk whén-a valve is bursting. For instance, conducting the test either in a spedial chamber
strong enough-to contain the effect of valve bursting or under water in a tank equipped with means to
prevent the.gjection of fragments or using other suitable protection devices.

If the¢ strength pressure test is carried out using a liquid, the valve shall be thoroughly dried after

completion of the test or at least drained if this adequately satisfies the requirements given in Clause 8.

9.2 Tightness testing

A tightness test shall be conducted, but only after the valve or valve assembly has been verified for
sufficient pressure strength.

If a strength pressure test is conducted, the tightness test shall follow the strength pressure test.
Tightness testing may however be combined with the strength pressure test described in 9.1.

The test shall be carried out using gas (e.g. air or nitrogen), the test pressure being equal to the
maximum allowable pressure PS at ambient temperature.
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During the test, no bubbles shall form over a period of at least one minute when the specimen is
immersed in water with low surface tension.

The test shall be carried out with the valve partially open, or with the pressure applied to both sides
simultaneously.

Equivalent tests, for example a helium leakage detection test, are permitted. If any changes are made
to the test procedure as described above (e.g. in the case of a helium leakage detection test) the test
shall be carried out in a manner which ensures a reliable assessment. It shall be documented that the

tightness tes

For environ
Radioactive
mixtures ca|
workers is ¢

After testin

9.3 Seat
Where inter
For seat tigh

A leak shal
measuring €

If any chang
detection te

t achieves at least the same performance as the bubble test.

ental and safety reasons nifrngpn helium_and carbon dioxide are prpﬁnrrpd test

edia.

tracers can be added to the test gases. Air and gas mixtures should be avoided as ce
In be dangerous. Air can be used if the hazard of ignition is eliminated and the safety (
nsured. Oxygen shall not be used for tightness tests.

b, care shall be taken to ensure that the test medium is relieved safely.

jealing capacity
nal seat tightness is a design feature the following applies.
tness class A to F as defined in 7.6.1 each valve shall be tested.

not be detectable when tested at the differential pressure, Ap, given in Table 5
quipment being able to detect a leak given in Table 5

es are made to the test procedure as describediabove (e.g. in the case of a helium lea
5t) the test shall be carried out in a manner which ensures a reliable assessment.

Table 5 — Production test requirements for seat tightness

rtain
f the

with

kage

Seatjtightness class Minimuin'test pressure Leak detection ability
A Maximum differential pressure®? | Zero bubbles or equival_ent meas-
ured during one minute
B Maximum differential pressure? 0,02% of Ky
C 5,5 bar 0,1% of Ky
D 5,5 bar 0,25% of Ky
E 5,5 bar 0,5% of Kyg
F 5,5 bar 1% of Ky
GC — J—

2 For manu

b For safety

¢ For seat t

al valves;see Table 4 for suggested upper limits to the maximum differential pressure.

r valves, the maximum differential pressure shall be the to 0,85 x set pressure of the valve.

ghthess class G, testing should be carried out to verify the seat tightness specified in the technical liter

ture.

For instance, by statistical methods.

9.4 Caps

Caps acting

as seals shall be checked for the presence of a pressure relieving arrangement.

10 Marking and additional information

10.1 General

Marking of valves or valve assemblies of category I or greater, as defined in Annex H, shall include at
least the information specified in 10.2 and 10.4.

18
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Marking of valves or valve assemblies of category lower than I shall include at least the information a),
b), g) and h) specified in 10.2.

The marking shall be durably marked on the body or the flange or shall be given on a plate or label
permanently attached to the valve or valve assembly.

Valve assemblies shall be marked according to the category of the valve assembly. Valves incorporated
in a valve assembly need not be marked.

10.2 Marking

a) Famufacturerstrade mmark;
b) Type identification;
c) Year of manufacture;

d) Maximum allowable pressure (PS) in bar and corresponding temperatuse'range (TS,,;{ and TS,,,,)-
f the maximum allowable pressure PS is a function of the temperature, then the relationship shall
e marked;

e) Nominal size DN, together with Nominal pressure PN if appropriate;
f)  Volume (in L) if used for categorization according to Annex H;
g) Indication for type of valve or valve assembly connection;

h) Arrow indicating the direction of flow, if applicable;

10.3 Example how to mark the allowable lilmits of pressure and temperature

Tabl¢ 6 provides an example of how to give‘the pressure as a function of the temperature.

Table 6 — Maximum allowable priessure as a function of operating temperature (gxample)

PS TS

bar °C

22 50,1 to 150
28 -10,0 to 50,0
21 -10,1to -60,0
7 -60,1 to -85

10.4 Hand-operated regulating valves

Hand operated regulating valves shall additionally be marked with either:

a) letter ‘R' (denoting regulating valve) on upper body flange, or

b) aplate or label with the inscription ‘regulating valve' under the handwheel nut.

10.5 Caps

Caps with a free net internal volume of 1 litre or greater which act as a seal shall be marked with the
allowable maximum pressure PS.

NOTE These caps are typically category I or larger, according to Annex H, when the free net internal volume
is considered as a pressure vessel.
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11 Documentation

11.1 General

For valves of category I or greater, as defined in Annex H, the manufacturer shall be able to supply the
documentation specified in 11.2.

For valves of category less than I, as defined in Annex H, the manufacturer shall at least be able to
supply the documentation specified in 11.2 a), b), ¢), e), f), g), h), i), j), 1), and m).

For valve assemblies, the manufacturer shall be able to supply the documentation specified in 11.3 in
addition to fhe documentation for the valve as specified above.

11.2 Documentation for valves

For valves of category I or greater, as defined in Annex H, the manufacturer shall be able’to supplly the
following dgcumentation containing information relevant to safety:

a) assembly and installation instructions;

b) adequate instruction for use;

c) intendef use of the device;

d) maintefjance and user inspection instructions;

e) informdtion requested in Clause 10;

f) drawings and diagrams necessary to understand the.nstructions;
g) warnings against possible dangers caused by misuse of the valve;
h) referenge to this document, i.e. ISO 21922;

i) refrigenants for which the device is suitable;

j)  Kysvalye where appropriate;

k) material designation in respectof body parts subject to pressure;
1)  maximym allowable pressure (PS), which may be indicated as a function of the temperature;

m) lowest gperating teniperature (TS,,;,) and maximum operating temperature (7S,,,,);

n) detailed informdtion on type of valve connection.

Material cenftificates may be inspected at the premises of the valve manufacturer (see 6.11).

NOTE F o 1 A3 £11 . | L3 L2 4 3 dad £l .
or-certathr alJlJll\,dLlUllD [=} LUP_Y UT LT ITIAltTT Iar LTT LITNICAdltTS 15 TITTUTCTU Uy UIICT CUSTUILITT,.

11.3 Additional documentation for valve assemblies

The manufacturer shall be able to supply the following documentation containing information relevant
to safety:

a) Detailed information on type of valve assembly connection;
b) for valve assemblies of category I or greater, material designation of extension pipes.

For valve assemblies of category less than I, the detailed information on type of valve connection can be
omitted for the incorporated valve. The type of valve assembly connection cannot be omitted.

Material certificates may be inspected at the premises of the valve manufacturer (see 6.11).
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Annex A
(normative)

Procedure for the design of a valve by calculation

A.1 Calculation method

A.1.1 General

This{Annex defines the allowable design stress value o, to be used for the cdlculation| of strength
at the maximum allowable pressure PS. Calculation methods includes design by formuyla (DBF) to
withptand a load caused by static internal pressure and design calculation by analysis (DBA) by means
of a hore sophisticated method based on fracture mechanics or the finite-element method.

The ¢alculation method shall incorporate appropriate safety coefficients-ising comprehensjive methods
which are known to incorporate adequate safety margins againSt all relevant failure |modes in a
consjstent manner.

The ¢alculation methods described in the following standards‘are considered appropriate:

— [N 12516-2;

— [N 13445-3.

Alternatively, other recognized methods, such.assASME Section VIII, Div. 1 and ASME B |31.5, with
apprppriate safety factors and of equivalent validity may be used.

Further reaction forces or moments which are relevant to the strength, as well as the wealening of the
valvg¢ due to other influences (e.g. corrosion) shall also be taken into consideration.

The Annex also gives safety factors for use with the experimental design method of Annex B.

A.1.2 Strength valuesforthe design calculation

The gtrength values (i.e.0,2 % proof strength R, o », tensile strength R;)) for the design calrulation can
be taken from the matérial standards. In Annex E, standards which correspond to the list¢d materials
are given. If the strength values are not taken from the material standards, these shall b¢ verified by
means of material certificates in accordance with 6.11.

A.1.3 Documentation

The strength-valuesusedforthecalewlatione-gforthetensilestrength-erproofstrength, as well as
the consideration of additional stress or other influences (e.g. corrosion), shall be recorded in the design
documents.

A.2 Design stress to be used for the calculation

A.2.1 Design stress for main pressure bearing parts

The allowable design stress value o

corr

Ocorr =Ocon / (S ><ZXCQ )
where
© IS0 2021 - All rights reserved
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o....is the allowable stress values derived from o

corr con’

O, 1S the initial design stress;
Sc is the factor to compensate effects of corrosion;

Z  is the factor to compensate for the quality of a joint (e.g. welded joint) (according to Table A.2
only for the material with number 1 to 8 at Table A.1 (otherwise Z = 1,0));

Cq isthe factor, to compensate for the quality of casting (according to Table A.3 only for the material
with number 9 at Table A.1 (otherwise (j = 1,0)).

Table A.1 — Design stress o, as quotient of characteristic strength value and indicate-jl
numerical value (safety factor S_,))
o S, S,
No. Material? : e con °
Yield strengthb ¢ | Tensile strengthb d
1e Steel group 1.1 and 1.2 MIN{R,,/15;Ry/24} 24 1,43
Ryo2/ 15 R,/24
Steel group 8.1
2 at A5 230 % Ry10/15 Ry/(0,5+ Ry /Biyp) | 0,5+ Ry /R, 1,43
1,0
3 atAs; 235 % MAX {MIN[R,,/3; Rp}l,O /1.2]; Rowo / 1,5 3,0 1,43
4e Casf steel group 1.1 and 1.2 MIN{ R,/ 19xRy/3} 1,43
R,02/19 R, /3,0 3,0
5 Aluminium group 21 R,y /15 R,/ (05+R,/R.y) | 0,5+R,, /Ry 1,43
6¢ Aluminium groups 22 to 26 MIN { Rp 02 /15;R,/2,4} 1,43
Ryo2/db5 | Ry/24 2,4
7¢ Coppper groups 31 to 38 MIN{ R,/ 15;Ry/3,5} 1,57
Ryo2/ 15 R,/35 3,5
Titanium tube group 51 — R, /3,0 3,0 1,35
9 Spheroidal graphite cast iron Ryo,2/24 R,/338 3,8 1,80
group 72.2
10 Free-cutting steé€l Rp 0,2 /2,5 R, /40 4,0 1,80
a2 The classjfication into groups of materials shall be carried out in accordance with ISO/TR 15608. Materials from fhese
groups are coptained in Annex E.
b Stressvaluesatatemipgratureof20°Cor25°Cshallbeused.Asadeviation,stressvalueswithinthetemperatureranggfrom
-10 °Cto +50 7C canbewuised. Stress values at other temperatures may not be used in connection with these safety factfors.
¢ Forsteel [ferritic and austenitic, as well as cast steel), R , can be estimated by reducing R, ; o by 25 MPa.
4 The valuésamdtermsof tiredenommimator fsusedfordetermmimng S
¢ For o, the upper line shall be used if both Rp 0,2 and Rm are available. If they are not both available the lower line
shall be used.
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Table A.2 — Factor to compensate for the quality of a joint

Scope of test or inspection Factor Z

No welding, or destructive and non-destructive tests 1,0
which confirm that the whole series of joints show
no significant defects

Random destructive or non-destructive test (1/0,85) 1,18
Visual test (1/0,70) 1,43

Table A.3 — Factor to compensate for the casting quality (spheroidal graphite cast iron)

Scope of test or inspection Factor C,
No casting, or 100 % non-destructive test 1,0
Visual test and random non-destructive test 1,1
Visual test 1,25

A.2.2 Design calculation of screws, fasteners, nuts and bolts

Screys, fasteners, nuts and bolts shall be dimensioned with design*stresses of no mare than the
allowable stresses of Table A.4 (utilization 100 %).

Modlfications in length as a result of the temperature difference between the lowest and| the highest
temperature of the intended temperature range, shall be taken into consideration during the design of
screys, fasteners, nuts and seals.

Table A.4 — Allowable stresses for the design galculation or testing at test pressure of screws
and fasteners

Material Allowable stress at maximum Allowable stress at design test
allowable pressure PS pressure P
Non-austenitic steel MIN{R;,,+/40;R,2:/30} MIN{R, /2,67, R;},/2,0}
Austnitic steel R,/ 40 R,/ 2,67

Index t: The lower of the material strength values at the minimum and the maximum operating temperature phall be used.

The dllowable stress shall not be eéxgeeded within the operating temperature range.
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Experimental design method for valves

B.1 Experimental design method

B.1.1 General

With the experimental design method, the resistance of a sample valve against internal pressure in
relation to @ given choice of material is verified; other reaction forces or moments (fe.g. through the
spindle in the valve seat or sealing forces transmitted by the spindle in the valve seat or spjndle
mounting, spaling forces on flange gaskets or retention forces of driving applianges)as well as material
weakening ¢r loss due to other influences (i.e. corrosion) shall also be taken into,account.

B.1.2 Chdlice and verification of material properties

It shall be p
to material |

B.1.3 Pro
The design
(20 £ 5 °C)
minutes.

By testing

roven that the valve to be tested undergoes the same manufacturing process with re
broperties (e.g. heat treatment) as is used for series production.

cedure for the experimental design methed

Lesting as well as the strength testing of the-valve is carried out at ambient temper}
The respective pressure applied for the\purpose of testing shall be maintained fqg

vith Pp and Pr, at least three sarhples shall be used. The less favourable tests sha

bpect

hiture
r 15

1l be

recorded as|the result. The following two te§ts shall be passed:

a) testing pfan original component in'completely assembled condition at test pressure Py according to
the defipitions in B.2 and

b) testing pf the valve at a test.pressure P, according to the definitions of B.3. This pressure is close
to that in force when failure-of the valve occurs.

B.1.4 Testing at maximum allowable design test pressure Pg

This test is
is allowed t
parts.

er, it
hring

carried*out on an original component in the completely assembled condition. Howey
b disassemble or replace pressure sensitive parts, provided they are not pressure be

For the verification of the strength and external tightness at a pressure equal to the maximum
allowable design test pressure Py, the pressure in the valve is applied by gas (e.g. nitrogen, air, helium),
whereby the valve opening during the test is such that the pressures before and after the valve seat
are equal. Alternatively, the pressure shall be applied simultaneously on both sides. The pressure is
increased gradually up to the maximum allowable design test pressure Pg. The pressure shall be held at
10 minutes at the maximum allowable design test pressure Pr.

Although generally, at this pressure level, no rupturing of the valve body is to be expected, reference
is made to 9.1 of this document according to which special precautions shall be taken when pressure
testing using gas.

Until the testing pressure P is reached and during the time of exposure to this pressure, there shall
be no plastic deformation of the pressure bearing parts. However, for pressure sensitive parts plastic
deformation is allowed, provided they do not leak.
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To check the plastic deformation, the pressure is completely lowered and the valve body is checked for
any deformation at a sufficient number of positions on the valve which are representative of the valve
body.

B.1.5 Testing at minimum burst test pressure P,

To check the adequate dimensioning of a valve at a pressure equal to the minimum burst test pressure
Pr.sw the pressure in the valve is applied with water. Care shall be taken to vent out any air from the
valve.

The pressure is increased gradually up to the required burst test pressure Pq,. The pressure shall be

held

If, du

this

by in
cons
of th|
unch

out:

Test*

ring the pressure increase up to the minimum burst test pressure P, leakage oq
evel has been reached, this shall be compensated for until the intended pressulre is 1
crease of flow volume) or the sealing forces are increased by complementary or suj
fructional measures. Changes which have the effect of either increasing or'decreasing
e pressure bearing parts when the burst test pressure is applied, in|comparison t
anged design, may not be carried out; changes for the improvement.éf the tightness mg

curs before
eached (e.g.
plementary
the strength
b that of an
y be carried

tis not necessary that the valve is fitted with all original parts (e.g.s¢rews, bolts, sealing elements)
for this test. Parts not fitted during the test shall be verified for strength using other meth

ods, see 7.3.

Presgure sensitive parts which will not withstand the applicatiotr of the minimum burst tgst pressure
Pr.s:| may be disassembled or replaced before testing.

Components for a valve may be tested separately with\pressures according to the npaterial and
processes used.

B.1.6 Documentation

The ¢alculation of the maximum allowable design test pressure P and the minimum burst tpst pressure

PTest

Arey
including possible changes to the valve, the measuring instruments or measuring metho
decld

At th
chec

Proc

shal

B.2

A pr
max

shall be documented.

ort shall be made on the test, containing details of the valve, the testing procedure, te

rations of the accuracy of individual quantities to be measured.

e end of a series of tests, ;the achievement of the original state of the measuring sys
ked and documenteds

bsses during mamifacture which are relevant to the strength (e.g. deep-drawing, hea

llbe recorded a$ part of this documentation.

Determination of maximum allowable design test pressure Py

b-requisite for the determination of the maximum allowable design test pressure P

st assembly
ds used and

rem shall be

[ treatment)

L is that the

mum allowable pressure PS meets the dpcign conditions ;\r‘{‘nrding toTahle A1 withd

spect to its

dimensioning.

The maximum allowable design test pressure Py is derived from the intended maximum allowable
pressure at ambient temperature PS. Pg shall be chosen to be one of the following:

B :PSO XSixX or B = 1,25 ><P.S'0 xXXY but not less than B = 1,5 XxPSxXXY (B.1)
where
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is the maximum allowable design test pressure;

is the maximum allowable pressure;

strength design (without temperature correction);

isa

safety factor;

is the correction of the actual wall thickness relative to the wall thickness of the design;

is the maximum allowable pressure at ambient temperature (-10 °C to +50 °C) according to

isth
par

If the exprd
Annex H), th

For the Fact

B.3 Dete
The minimuy|

PTest 21

where

Pr.qds the minimum burst test pressure;

4o 41 1 H £ et 41 1 £41 4 4 1 ) il 4
CLUITTULLIUITUITTIIT UASIS UTCTUTITTIIU ST TITS LT VAIUTS UNUIIT LTS U SAIITPIT T TIALIVE TU LITT S

hmeters for the design of valves: Y= R, .../ Ry con-

ssion for Y cannot be determined for the design of valves of category less' than I
len Y shall be set to 1,05.

br S, the values listed in Table A.1 shall be used for the respective material group.

rmination of the minimum burst test pressure P,

m burst test pressure P, which shall be maintained durisnig the pressure test, shall

1><PS0 ><SCo ><X><Y><Z><CQ

n

he maximum allowable pressure at ambient temperature (-10 °C to +50 °C) accordi
ngth design (without temperature correction);

le factor for the calculation of the.burst test pressure taking into account the tensile strg
brding to Table A.1;

le correction of the actual wall thickness relative to the wall thickness of the design (see

le correction on the’basis of current strength values of the test sample relative to the strg

hmeters for the design of valves: Y =R, .../ Ry cons

PSyist
strd
Sconlisth
acc
X ist}
Y istH
par
Z ist
CQ ist

If the exprd

!

e factor to_cempensate for the quality of a joint (e.g. welded joint);
e factornto compensate for the quality of a casting.

ssion ‘'for Y cannot be determined for the design of valves of category less than I

ngth

(see

e:

(B.2)

g to

ngth

B.4);

ngth

(see

en‘Y shall be set to 1,05

Annex H), th

Z is the factor to compensate for the quality of a joint according to Table A.2 for materials with the

number 1 to

8 according to Table A.1 (otherwise Z = 1,0).

Cy is the factor to compensate for the quality of a casting according to Table A.3 for materials with the
number 9 according to Table A.1 (otherwise C, = 1,0).

The testisp

26

assed if there is no failure due to fracture of the valve body at this pressure.
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B.4 Correction for the actual wall thickness

The difference between the actual wall thickness and the wall thickness of the design needs to be taken
into account, using a correction factor. In addition, a reduction of the wall thickness due to corrosion
can be allowed for during design by this correction factor.

NOTE EN 14276-1:2020, 6.2 contains more information about how to take corrosion into account.

Experience of the manufacturer can be considered or the factor to compensate for corrosion shall be
calculated as follows:

1

S —p )

wherte

e

g

e /(e —
act’ L conm e/

é.¢ is the actual wall thickness at given measuring points of the valve to beytested;
@..n 1S the component wall thickness as specified in the design drawing;
is the negative wall thickness tolerance;

is the reduction of wall thickness due to effects of corrosioen.

(B.3)

If the expression for X cannot be determined for the design ofalves with DN < 80, then X shall be set to

1,05.

For )N > 80 the maximum value of X shall be 1,25.

EXANIPLE

to defrease with a constant amount per year can be\calculated as:

ec=8><a

where

If the reduction of wall thickness due to corrosion is not considered under designing by
factdr, then X has to.be calculated with e_ = 0,0 for calculating the burst test pressure.

¢ is the wall thickness reduction per year;

¢ is the life time in{ears; for valves typically 20 years.

The reduction of wall thickness due to-effects of corrosion e, when the wall thickneg

s is expected

(B.4)

h correction

© IS0 2021 - All rights reserved
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Determination of the allowable pressure at the maximum

Annex C
(normative)

operating temperature

C.1 Relation of the allowable pressure and higher temperatures

C.1.1 Gen

For maximu

eral

m operating temperature higher than 50 °C the maximum allowable pressure at am

bient

temperatur¢ (=10 °C to + 50 °C), PS is based on the maximum allowable presstite PS, and shgll be
corrected based on the maximum allowable pressure PSg . at the maximum operating temperature

TS

max-*

C.1.2 Dod

The reduct

C.2 Dete

umentation

on of the maximum allowable pressure at a higher<operating temperature sha
documented.

rmination of the maximum allowable pressure at higher temperatures

{1 be

The maximym allowable pressure at ambient temperafure (=10 °C to +50 °C), PS, is derived from the
lowable pressure at the maximum operating temperature, PStg .4

maximum a

PS, =PS

where

if desig
if desig
if desig
if desig

TS max / STS max

is based on R, , then:

is based on R, g then:

is based on@Rj{ then:

is basedion R, then:

STS max — RpO,Z TS max / RpO,Z;
STS max — Rpl,O TS max / Rpl,O;
STS max — ReH TS max / ReH;

STS max — Rm TS max / Rm'

28
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Annex D
(normative)

Determination of the allowable pressure at minimum operating
temperature — Requirements to avoid brittle fracture

D.1

D.1.

At loy
maxi
alloy
mini
The

mate

Relation of the allowable pressure and lower temperatures

I General

v operating temperature or when the impact rupture energy is less than thelvalues givg
mum allowable pressure at ambient temperature (=10 °C to + 50 °C), P, is based on th
Fable pressure, PS, and is to be corrected based on the maximum allowable pressure, P}
mum operating temperature TS ;.

bafety factors of Table A.1 takes into account the minimum KV'values at ambient tem
rial groups:

a)
b)
‘)

The
temp]

EXAN
energ
rangg

NOTH

D.1.
If th

or steel, 27 J;
or spheroidal cast iron material RT, 17 ] or 14 ] (se€Table E.6);
or spheroidal cast iron material LT, 12 ].

hbove are the KV, values used in this annex. PS; is to be corrected when the minimu
erature TS, ;, is less than -10 °C or thesimpact rupture energy KV is less than KV,.

(PLE Materials EN-GJS-350-22-RT\and EN-GJS-400-18-RT are spheroidal castiron, if the i
y of EN-GJS-350-22-RT exceeds 17\J-or of EN-GJS-400-18-RT exceeds 14 ], and the temperat
is =10 °C to +50 °C, then no correction is needed.

Examples of materialstand their application limits are given in Annex E.

D

Requirements'ef materials and proof of material properties

h

part

minimum impact rupture energy KV is given for the ambient temperature or 0

cular arrangements for use of the material at temperatures down to -10 °C is required.

Alunjinium_eraluminium alloys, groups 21 to 26 with the exception of aluminium

allo

withra content of magnesium of more than 6 %, copper or copper alloys, groups 3

also ftitantium are not susceptible to brittle fracture and no particular arrangements for

tem

n below, the
e maximum

perature for

m operating

pactrupture
re operating

°C then no

magnesium
1 to 38, and
their use at

araturnc dovrn +a 106 OC 1o v ivend

CroturCo oW irto— 10— o oot

Aluminium-Magnesium alloys with a content of magnesium of more than 6 % should be used to down
to a temperature of -100 °C, only.

NOTE

The lattice (face-centred lattice) of aluminium and aluminium alloys, groups 21 to 26, and copper and

copper alloys, groups 31 to 38, according to ISO/TR 15608, is different in comparison to steel, groups 1.1 and 1.2
(body-centred lattice). Because of that these materials (groups 1.1 and 1.2) have more tendency to embrittlement
at low temperatures.

D.1.3 Documentation

The impact rupture energy shall be confirmed by certificates (see 6.11).

© ISO

2021 - All rights reserved
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The reduction of the maximum allowable pressure at a higher operating temperature shall be
documented.

The method

chosen, according to D.3 or D.4 shall be declared.

D.2 Determination of the maximum allowable pressure at the minimum
operating temperature

The maximum allowable pressure at ambient temperature (-10 °C to +50 °C), PS,, is derived from the
maximum allowable pressure at the minmum operating temperature, PStg i, as:

STS min 1S tal
equivalent (|

The method
1,5 % of Ni
specified mj

D.3 Dete
operating
D.3.1 Gen
With this m
depending
case tempel

experience |

The KV valuy|

D.3.2 Det

If the minin{

not less thamp -10 °C.

The followi

temperatury
Q) tmin7s 1
b) Emin 25 i3

The followi]

n / STS min

xen as stated in D.3. With respect to the application for strength design, both method,
ee Annex F).

of Clause D.4 can be used for C, CMn, fine grain steels, Ni-alloyed steels-with not more
with a specified minimum yield strength < 500 MPa and austenitieferritic steels W
nimum yield strength < 550 MPa. If the method of Clause D.4 is used;-then St ., is 1.

rmination of the maximum allowable pressure at the minimum
temperature on the basis of an empirical methed (t,,;,-Method)
eral

ethod, the prevention of brittle fracture is taken into consideration by reduction fa
n whether the minimum operating temperature (TS,,;,) is above one of the three

atures i, 1000 tmin 75 @nd &y, 25- The procedure described in the following is basg

Dy using valves at low temperatures of refrigerating systems for a long period of time.

e is to be taken from the material standards (see Annex E).

Prmining &, 100s tmin 75 A0 Loy 25

um impact rupture energy’KV is given for the ambient temperature or 0 °C then ¢,

ng load cases apply-to steel and cast steel (groups 1.1 and 1.2), for which ¢, 190 i

p of > -20 °C andh=-10 °C:
equal to.tyi5'100 - 50 K, and

equal®ot ;100 - 75 K.

S are

than
ith a

ctors
load
d on

100 1S

at a

ng-toad cases apply to steel and cast steel (groups 1.1 and 1.2), for which t_;, 190 19

at a

temperature of < -20 °C, 1t 1s to be established that an impact rupture energy of K Vy or more 1s given at

<-20°C.Th

‘)
d)

e following load cases apply:

tmin 75 1S equal to ¢, 100 — 50 K, and

Emin 25 IS equal to £, 100 — 80 K.

Austenitic steels according to group 8.1 with Ag > 35 % may be used down to a temperature t;, 100 Of

-196 °C.

Aluminium or aluminium-alloys (groups 21 to 26), with the exception of aluminium-magnesium alloys,
with a content of magnesium of more than 6 % as well as titanium (group 51), copper or copper alloys

(groups 31 to 38) according to ISO/TR 15608 may be used down to an operating temperature ¢,

min 10

-196 °C. The use of semifinished products and castings is allowed.

30
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Aluminium-magnesium alloys with a content of more than 6 % magnesium should be used down to an
operating temperature ¢,;,, 100 — 100 K, only.

Based on practical experience during operation, valves up to DN 10 or valve bonnets and stuffing box
parts DN 40 made from free-cutting steel (see Table E.7) may be used in load cases t,,;, 75 down to
- 40 °Cand in load cases t,,;, ,5 down to - 60 °C.

The values for t;, 75 in Table E.6 for EN-GJS-350-22LT and EN-GJ]S-400-18-LT are based on practical
experience, and these materials should not be used below ¢, 7s.

D.3.3 Welded constructions

The §ame rules apply to welded joints as to the parent material provided that the lowesttemperature at
100 % load (£, 100) Of the weld seam is documented through the impact rupture enefgytest.

For gpplication temperatures below t ;. 10o, Stress-relieving by heat treatment s réquired for welded
consfructions.

For materials belonging to groups 1.1 and 1.2, stress-relieving by heat tfeatment is ot required
provided the thickness the materials welded are less than 10 mm.

EXANPLE See Table D.1 for an example of determining tmin 75 and tniin 25 for a weld seam wifh a tmin 100
of -1¢°C.

Table D.1 — Example of determination of the lowest:application temperature for dast steel

Temperature
Telst temper- Temperature difference test
ature of weld Lmin 100 difference test tin 75 temperature bin 25
seam °oC temperature °C , SC
°C (see D.3.2)K (see g-i)
-10 -10 50 - 60 75 _85
+ 20 -10 50 -30 75 _55

D.3.4 Determination of thessafety factor

Taking the above-mentioned-preconditions into account, the safety factor Syq i, is calcullated by this
method as:

Stsmin =10 for TSwin = tmin 1000
=073 for tnin 75 < TSmin < tmin 100
va 0'25 for tmin 25 < TSmin = tmin 75

If th¢ value for the intended low operating temperature TS,,;, is below t,.;. ,=, @ design of th¢ component
is not permitted by this method.

D.3.5 Material test and documentation

An impact rupture energy test is to be carried out at ¢ ;, 1o in accordance with the conditions of the
material standards, and the result shall be documented.
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D.4 Determination of the minimum operating temperature TS, ;,

reference

D.4.1 Gen

2021(E)

based on
thickness eg

eral

This method can be applied to C, CMn, fine grain steels, Ni-alloyed steels with not more than 1,5 % of
Ni with a specified minimum yield strength < 500 MPa and austenitic-ferritic steels with a specified

minimum yi

eld strength < 550 MPa.

This method, based on fracture mechanics, can be used to determine the requirements to avoid brittle
fracture in these steels, and may be used for when the lowest operating temperature TS, .. is not

equal to thej
depending d
weld heat tr|

This methoq

impact test temperature Tyy. The diagrams show the relationship between TS_;,
n reference thickness and strength level. Distinction is made for as-welded (AW)!and
eated (PWHT) condition.

| does not apply to thermomechanically-rolled steels thicker than 35 mm.

and Ty

post

Reference thickness ep for constructional details is the minimum material thickness needed to| give
adequate stfength to pressure bearing parts. The reference thickness ez can be_chosen to be a hjgher
number if tHe minimum material thickness needed is unknown.
Parent material, welds and heat affected zone (HAZ) shall meet the requifedimpact energy KV spedified
in Table D.3[or D.4 at impact test temperature Tyy.
NOTE This method is based on EN 13445-2.
D.4.2 Temperature adjustment
The design|reference temperature Ty, The temperature used for determining the impact energy
requirements is determined by adding the temperature adjustment Ty to the lowest operpting
temperature TS, ;,;:
TR = TSmin + TS
Where T isleither 0 K or according to Table.D.2.
Table D.2Z — Temperature adjustment T
Condition Ratioof pressure induced principal l_nembrane Membrane stress b
stress and maximum allowable design stress
>75% >50%<75% <50 % <50 MPa
Non-yvelded or post-
weld heat treatment 0K +10 K +25K +50K
[PWHT)\@
As-wgldedand refer-
ence thiekness < 35 0K 0K 0K +40 K
mm
a  Also applicable for equipment where all nozzles and non-temporary welded attachments are first welded
to vessel components and these sub-assemblies are post-weld heat treated before being assembled into the
equipment by butt-welding, but the main seams are not subsequently post-weld heat treated.
b The membrane stress should take account of internal and external pressure and dead weight. For walls
and pipes of heat exchangers the restraint of free end displacement of the heat exchanger pipes should also be
taken into account.
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D.4.3 Determining design reference temperature Ty

Table D.3 and D.4 show which figure shall be used to determine the impact test temperature Tyy or the
design reference temperature Ty. The condition "non-welded" shall be treated as the condition PWHT.

If impact energy KV requirement of 40 ] instead of 27 | is used, then the impact test temperature Tyy
can be increased by 10 K or T can be reduced by 10 K.

Linear interpolation between strength and thickness levels given in the Figures D.1 to D.11 is allowed.

Alternatively the next higher strength class or wall thickness can be used. Lower test temperatures
than issi i

The flashed lines in Figure D.1 and Figure D.3 apply to a wall thickness up to and inCludjing 110 mm
when impact values KV of 40 ] are obtained at Ty,

Extrapolations for temperature ranges beyond the temperature ranges as givef |iff the fighires are not
pernjissible.

For wall thicknesses < 10 mm the curve for 10 mm shall be used.

Table D.3 — Impact energy requirements for C, CMn, fine grainSteels, Ni-alloyed ste¢ls with not
more than 1,5 % Ni

Splecified minimum Required impact en-
yield strength of base | ergy KV (on 10 mm x Figure defining required Tyy

material 10 mm test pieces)

MPa ] Nonx v}\llelded or post-weld As welddd

eat treatment
R, <265 27 Figure D.1 Figure D{2
R, <355 27 Figure D.3 Figure D4
R, <460 40 Figure D.5 Figure D|6
R, <500 40 Figure D.7 Figure D|8
The dashed lines in Figures D.1 and D.3 shall only be used for KV =40 J.

Table D.4 — Temperature adjustment Tg

Spetified minimum Required impact en-
yieldstrength of base | ergy KV (on 10 mm x |Figure defining required Ty
material 10 mm test pieces)
MPa J
R, <385 40 Figure D.9
R, <465 40 Figure D10
R, <550 40 Figure D.11
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Ty

40

20 —— 16

//
-
0 //\'\9 /// -5
20 2= 20
- //Q/ -
~
i =l ot
-60 = A0
_— -66
_Z D
-80
g 0

-100 221 -96
-120

-80 -60 -40 -40 0 20, " Ty

Key
Tr design r¢ference temperature eg reference thickness

Txy materialfimpact test temperature

Figure D.1 — Design reference temperature and impact test temperature, post weld heajt
treated (PWHT) condition, for R, < 265 MPa and KV-2'27 ]J. Dashed line only to be used for KV
2 40 J and for thickness from 75 mmup to and including 110 mm

Tr

40

20

0 1

-20

-80 -60 -40 -40 0 20 Ty
Key
Tr design reference temperature eg reference thickness
Txy material impact test temperature

Figure D.2 — Design reference temperature and impact test temperature, as-welded (AW)
condition, for R, < 265 MPa and KV = 27 ]
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Higure D.3 — Design reference temperature and impact test temperature, post weld heat

tr¢ated (PWHT) condition, for R, < 355 MPa and KV = 27 J. Dashed line only to be uged for KV

240 J and for thickness from'55 mm up to and including 110 mm
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Figure D.4 — Design reference temperature and impact test temperature, as-welded (AW)
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Figure D.5 — Design reference temperature and impact test temperature, post weld heat
treated (PWHT) condition, for R, <460 MPaand KV=40]
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Figure D.6 — Design reference temperature and impact test temperature, as-welded (AW)
condition, for R, < 460 MPa and KV 2]
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Figure D.7 — Design reference temperature and impact test temperature, post weld heat
treated (PWHT) condition,for R, < 500 MPaand KV=40]
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Figure D.8 — Design reference temperature and impact test temperature, as-welded (AW)
condition, for R, < 500 MPaand KV=40]
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Figure D)9 — Design reference temperature and impact test temperature austenitic-ferritic
steels, as-welded (AW) condition, forR; < 385 MPaand KV=40]
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Figure D.10 — Design reference temperature and impact test temperature austenitic-ferritic
steels, as-welded (AW) condition, for R, < 465 MPaand KV=40]
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Figure D.11 — Design reference temperature and impact test temperature austenitic-ferritic
steels, as-welded (AW) condition, for R, < 550 MPa and KV =40 ]
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Annex E

(informative)

Compilation of material characteristics of frequently used

The materi

materials

are listed in

NOTE1 Fq
according thd
an example. ]

of this Annexl.

NOTE2 V3
applicable fof
NOTE3 M

l charactarictice of froauantlyy
—cHa g eee RS es et e quehtry

Tables E.1 to E.9.

hterials often used for seats, valve plates and seals are metals, soft métals and polymers.

nscadmmatariale cartad bhutha maatarial gronn (con Tohlo A 1
uuuuuuuuuuuuuuuuuuuuuu Srotup(See—1a8e .1,

oy cIrCTrroe e T IOt

r the design calculation the values of strength of bodies, bonnets, flanges, screws, bolts and nuts
Annexes A to D of this document the material characteristics indicated in Table E.1 to'E.9 apply as
he characteristic values of the latest edition of material standards takes precedence/over the alues

lues from one standard are indicated as an example in case of more-than one standard peing
a given row.
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Annex F
(informative)

Justification of the individual methods

F.1 Determination of the pressure level under test conditions

The correct
test pressur

Determinatj
valve body

design test
pressure ted

In order to ¢
pressure Pr,
margin (see

F.2 Corr
minimum

The use of g
design streg

At a lower (
energy is t
empirical m
R. Sandstroj

Both metho
(restricted s
the valve mji

The KV-Met

construction concerning sealing and strength is proofed experimentally with twa'lev
e, the maximum allowable design test pressure and the minimum burst test pressure.

on of the maximum allowable design test pressure Py is such that the design‘Stress g
material is nearly achieved by the static pressure load. Testing with maXimum alloy
pressure verifies that the yield strength is not exceeded. Simultaneeusly, during
t, the tightness of the sealing elements used is checked (see Annex.B).

heck whether the ductility of the valve body material is adequate, the minimum burs
¢ is determined to ensure that the tensile strength is not exceeded with a sufficient s
Annex B).

ection of the permissible pressure for application at the maximum or
operating temperature

valve at a higher operating temperature is taken into consideration by the reduction ¢
s (see Annex C). This is a generally recognized procedure.

hken into consideration, either by:-a fracture mechanics theory (KV-Method) or b
pthod gained from practical experience (¢,,;,,-Method). KV-Method is derived from a wq
mlZ9] (see Annex D).

min

ds correspondingly take,ihto account the risk of failure as a result of brittle fra
tress equalization atlower temperatures due to reduced ductility) due to a reduced lo
terial.

rupture ene
of the desig

The results pchieved by the KV-Method are, to a high degree, in accordance with those achieved b

t_. -Metho

min

rgy (see Figude F.1). Dependencies of the notch impact rupture energy on the temper;
calculation which are specific to the material used can also be taken as a basis.

. In.the following, several examples are given, in which both procedures are compared

bls of

f the
Vable
this

[ test
hfety

f the

perating temperature, failure as the-result of brittle fracture at reduced impact rupture

y an
rk of

rture
hd on

hod can be applied as a relative method where the safety factor is a function of the inppact

hiture

[y the

with

F{ nnnnnn T2+~ 0 A1)

each other (5e&

1T5UTCS1.2"tU 1717,

The results are consistent within the frame of a technically acceptable dispersion, so that both
procedures can be used for the correction of the operating pressure for application at low operating
temperatures.
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1,1

0,9 -

S1smin = (27/KV)_0'75

0,6 ~
) /

0,5 -

0,4
0,3

0,2
4

Key
X  Impact rupture energy KV []]
Y  $trength reduction factor Syg i, [—]

Figure F.1 — Strength reduction factor as a function of the impact energy for a material with
reduced notch impact rupture strength at the-appropriate low temperature (KVj = 27])
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X
EN-GJS-400[18-LT (GGG 40.3)
Fracture mechanics method tnin Method
1 for KV<12,0]
emperature KV Sts min = (12,0/KV)-075 PStsmin / PP
[OC] []] STS min STS min
50 12,0 1,00 1,0
30 12,0 1,00 1,0
10 12,0 1,00 1,0
-10 12,0 1,00 1,0
-20 12,0 1,00 1,0
-20 12,0 1,00 0,75
-30 10,8 0,92 0,75
-40 9,6 0,85 0,75
-50 8,4 0,77 0,75
<60 7,2 0,68 0,75
Key
Y1 Impact rupture energy [J] a  Sandstrom [Z9]

Y2

62

PStg min/PS
Temperature [°C]
Reduction factor

Figure F.2 — Comparison of KV-method (here KV, = KV;') with t_; -method by means of

Estimated KV-values from S¢g 1in

Fracture mechanics method

t.in method

material EN-GJS-400-18-LT (GGG 40.3)
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Fracture'mechanics method t.nin Ma@thod
for KV<12,0]
Temperature KV Susmin = (12,0/KV)-075 PStgmih / PS
[°C] t] STS min ST in
50 12,0 1,00 10
30 12,0 1,00 1,
10 12,0 1,00 1,
-10 12,0 1,00 1,
-20 12,0 1,00 1,
-30 12,0 1,00 1,0
-40 12,0 1,00 0,7p
-50 10,8 0,92 0,7p
=60 9,6 0,85 0,76
-70 8,4 0,77 0,75
Key
Y1 Impact rupture energy [J] Sandstrom [Z9]
Y2 PStgmin/PS Estimated KV-values from Spg in
X  Temperature [°C] Fracture mechanics method

© IS0 2021 - All rights reserved

Reduction factor

tmin method

Figure F.3 — Comparison of KV-method (here KV, = KV;') with ¢t ; -method by means of

material EN-GJS-350-22-LT (GGG 35.3)
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Fracture mechanies-method t..in Method
i for KV<27,0]
Tempgrature KV Sps min = (27,0/KV)-0.75 PSts min/ PS
[C C] []] STS min STS min
30 >>27 1,00 1,0
30 >> 27 1,00 1,0
20 27 1,00 1,0
10 22 0,86 1,0
D 17 0,71 1,0
-[10 13 0,58 1,0
-20 13 0,58 0,75
-[20 10 0,47 0,75
-[30 8 0,40 0,75
-40 6,7 0,35 0,75
Key
Y1 Impactrupture energy []] a  Sandstrom [Z9]
Y2 PSpgin/PS b Estimated KV-values from Stg i
X  Temperature [°C] ¢ Fracture mechanics method
1 Reduction factor d ¢, method

Figure F.4 — Comparison of KV-method (here KV, = KV,;') with t; ,-method by means of
material S235JRG2
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Reduced pressure [%]

fapour pressure of R-134a.
(apour pressure of R-717 (NH5;)
tress case tpin 100

tress case t,, 75

tress case tp 25

jgure F.5 — Vapourpressure of common refrigerants (here R 134a and R 717) re
gn pressures{teduced pressure) at 32 °C and stress cases for steel and cast stee
and 1.2

lative to
| group 1.1
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Annex G
(normative)

Pressure strength verification of valve assemblies

G.1 General

To verify th

e strength design of a valve assembly including the extension pipes and the jointschet}

extension pipes and valve, the valve assembly (in complete) shall pass the test of G.2.

Extension p

Joints of cat

comply with

Extension p
— steel gr

alumini

copper

G.2 Pres

The valve af

pes of category Il or more, as determined by Annex H, shall comply with EN'14276-2.

boory Il or more, as determined by Annex H, between extension pipes and valves shal
EN 14276-2.

pes of materials other than the following (see also Table A.1) shall comply with EN 142
pups 1.1, 1.2, and 8.1;

um groups 21 and 22;

broups 31, 32, 33, 34, and 35.

sure test of valve assembly

sembly is subject to a pressure not less than 3 times PS without rupture.

The test tenpperature is not less than 20 °C except if the design temperature exceeds 125 °C for cd

or aluminiu

NOTE

66

m piping, in that case the test temperature shall be at least 200 °C.

This clause is based on EN 14276:2.

ween

also

76-2:

pper
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H.1

1SO 2192
Annex H
(normative)

Determination of category for valves

General

Ford
shall

NOTH

H.2
The 1

a)

b)
NOT¥

Harn
the E

H.3

If thd
(0,05
fluid
H.4
The

The
conn

a)

etermination of category for components and refrigerating system assemblies, thehec
be taken as indicated below.

The category in this annex corresponds to the category of ISO 5149-2:2014, Annéx C.

Classification of the refrigerant

efrigerant is classified into one of the following groups:

Lroup 1: flammable and toxic fluids, classified as A2L, A2, A3; B1, B2L, B2, and B3 in I
he exception of R-123, R-245fa, and R-1234ze(E);

iroup 2: Fluids not in group 1.

onized System of Classification and Labelling of Chemicals (GHS), and the lower hazard classif
[J Pressure Equipment Directive 2014/68/EU.
Determine the state (liquid or gas) of the refrigerant

vapour pressure at the maximum allowable temperature (at bubble point) is greater
MPa) above normal atmospheric pressure, then this fluid is considered to be a gas, of
is to be considered a liquid:

Determination-of category of valves

fategory of thelvalve shall be at least the category given in Table H.1 and Table H.2.

category is'determined either based on the internal volume (as a pressure vessel) or
ection.size (as a pipe), whichever closest resembles the internal geometry of the valve:

[ategory determination based on internal volume is given in Table H.1.

2:2021(E)

pssary steps

0 817. With

R-123, R-245fa, and R-1234ze(E) are in group 2.due to their lower hazard classification ifi the Globally

ication under

than 0,5 bar
herwise the

the nominal

b) Category determination based on nominal connection size is given in Table H.2.

The category of safety valves shall be determined to category IV. By way of exception, safety valves
manufactured for specific pressure equipment may be classified in the same category as the pressure
equipment they protect.

© ISO

2021 - All rights reserved
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Table H.1 — Category determination for pressure vessels

. PS 4 PSxV
Fluid Nature (bar) @ 0 (bar x I) Category
If and and and and then
<0,5 — — Oab
<1 — Obb
<25 Obb
>0,5and <200
>1 >25and <50 [
>50and <200 I1
GAS >200and < 1 _ -
1000 -
> 200 and < i
>0,5and <1000 >1 1000
GROUP ] >1000 v
>1000 — — I\Y%
<0,5 — — Oab
>0,5and <500 <1 — Obb
>0,5and < 200 <200 Ob b
LIQUID ¢ >0,5and <10 >1 I
> 200
>10and <500 11
<1 — I1
> 500
> 1 — I11
<0,5 2 — Oab
>0,5and <1000 — Obb
>1000 and =1 - -
<3000
<50 Obb
>0,5and<1000 >50and <200 I
GAS
>1 >200and <1000 I1
>0,5and >1000and 1
<3000 <3000
GROUP 3 >0,5and < 4 >750 >3000 1
>4 >1 >3000 IV
>3000 — — I\Y%
<0,5 — — Oab
>0,5and <10 — — Obb
>10and <1000 — <10000 Qhb
LIQUID ¢
>10and <500 >20 >10000 |
>1000 <10 — I
>500 > 10 >10000 I1
NOTE The categories in this table are equivalent to the categories in the Pressure Equipment Directive 2014/68/EU. For
reference:
¢ 0a=notsubmitted to the Pressure Equipment Directive 2014/68/EU
°  Ob=article 4.3 of the Pressure Equipment Directive 2014/68/EU
a  1bar=0,1 MPa
b For the purpose of this document this category is considered to be less than Category I
¢ Liquids are all fluids having a vapour pressure (at maximum allowable temperature) of not more than 0,5 bar above
normal atmospheric pressure (1 013 mbar)
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Table H.2 — Category determination for piping

. PS PS x DN
Fluid Nature (bar) 2 DN (bar) @ Category
If and and and and then
<0,5 — — Oab
<25 — Obb
<1000 [
>25and <100
GAS >1000 I1
>0,5
100 and-< <3500 I1
350 >3500 [11
GHROUP 1 > 350 [11
<0,5 — — Oab
<25 — Obb
> 0,5
>25 <2000 Obb
LIQUID ¢
>0,5and <10 >200 I
>2000
>10and <500 > 25 11
>500 >25 va [11
<0,5 — ) O0ab
<32 — Obb
>32 <1000 Obb
> 32 and <100 >1000 [
>1000and
GAS i <3500 I
>0,5
>y100 and <
250 >3500 I1
GROUP 2 >3 500 and 1
> 250 <5000
>5000 [11
£0,5 — — O0ab
>0,5and < 10 — — Obb
<200 — Obb
LIQUID-® >10
>200 <5000 Obb
>10and <500 >5000 I
> 200
>500 — I1
NOTE Theategories in this table are equivalent to the categories in the Pressure Equipment Directive 20114/68/EU. For
referpnce:
. a =fot submitted to the Pressure Equipment Directive 2014/68/EU
0b = article 4.3 of the Pressure Equipment Directive 2014/68/EU
a  1bar=0,1 MPa
b For the purpose of this document this category is considered to be less than Category I
¢ Liquids are all fluids having a vapour pressure (at maximum allowable temperature) of not more than 0,5 bar above
normal atmospheric pressure (1 013 mbar)

H.5 Determination of category of valve assemblies

Where an extension pipe is used, the DN for determining the category shall be the DN of the largest
connection of the extension pipe.

The category of a valve assembly shall be the larger of the categories of the parts of the assembly.
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The category of the joint between a valve and an extension pipe shall be determined by the DN of the

connection.

H.6 Examples of category determination

This clause gives examples of category determination.

EXAMPLE 1

See Figure H.1 for an example of a valve:

— The pipes are category II;

— The Val\/[[ body tsTategory 0b;

— Thecon

— The valy
type 3.

ections between the valve and the extension pipes are category 0b;

e is category Il due to the category of the pipes, and all pressure bearing parts requires certi

413 11 i 3 |&

valve bodly, DN 22 and volume < 11, category Ob accordingto both Table H.1 and Table H.2

1

2 joint, DN
3 pipe, DN
4

22, category 0Ob according to Table H.2
22 to DN 40, category Il according to Table H.2 using DN 40

joint madle by the end-user when connecting the\valve to piping, DN 40

Figure

EXAMPLE 2

Figure H.1, b
the burst pre
into account:

— The exte

— Thevaly

H.1 — Example of a valve for.Group 1 refrigerants where PS is 30 bar (the valve i
category Il determined as the highest category of the parts)

See Figure H.2 fof-an example of a valve assembly. The physical structure is the same
it the manufacturé-has chosen to declare the pipes as extension pipes. This has the advantag
sure test of the extension pipes does not need to take the safety factors for joints on the valve]

nsion pipes/are category Il and needs certificate type 3;

e is'category Ob and needs certificate type 1 and documentation according to 11.1;

ficate

T

as in
b that
body

— Thecon

rections between thre vatve and the extension pipesare tategory 6b;

— The assembly of the valve combined with extension pipes is category II.

70
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Key
valve, DN 22 and volume < 11, category Ob according to both Table H.1 and Table H.2

joint, DN 22, category 0b according to Table H.2

1
2
3  ¢xtension pipe, DN 22 to DN 40, category Il according to Table H.2 using DN 40
4

jpint made by the end-user when connecting the valve assembly to piping, DN 40, not part of thé valve assembly

Figure H.2 — Example of a valve assembly for Group 1 refrigerants consisting of a yalve and
extension pipes, where PS is 30 bar (the valve assembly is category II determined as the highest
category of the valve and the extension pipes)
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Annex I
(informative)

DN system

The purpose of this annex is to support finding the DN value as defined in ISO 6708 for pipe when the
material standard does not give this value.

In absence (Lf DN in the semi-finished product standard or in the below table, DN should bertakgen to
correspond [to the internal diameter in mm for circular products or to the equivalent flow section ¢f the
non-circulay products.
Examples of finding DN values for imperial steel pipe, and imperial and metric coppertube, is given in
Table 1.1, .2|and 1.3 respectively.
The relationship between the DN and the maximum external diameter of the pipe is given in Table|1.4.
Table I.1 — Example: Imperial steel pipe, butt-weld
NPS Dy D;, Thickness DN
[inch] [mm] [mm] [mm]
Ya 13,7 7,7 3,0 8
Y8 17,1 10,7 3,2 10
§Z) 21,3 13,8 3,8 15
% 26,7 18,9 39 20
1 33,4 24,3 4,6 25
1% 42,2 32,5 49 32
1% 48,3 38,1 51 40
2 60;3 52,5 39 50
21/2 73,0 62,7 5,2 65
3 88,9 779 5,5 80
4 114,3 102,3 6,0 100
5 141,3 128,2 6,6 125
6 168,3 154,1 7,1 150
8 2191 202,7 8,2 200
10 273,0 254,4 9,3 250
12 323,8 303,2 10,3 300
14 355,6 333,3 11,2 350
16 406,4 381,0 12,7 400
NOTE 1 %inchto 2 % inches are schedule 80 while 3 inches to 16 inches
are schedule 40.
NOTE 2 The dimensions are equivalent to ANSI B36.10.
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